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PRELIMINARY RESULTS ON + e •* + e

N.J. Baker, P.L. Connolly, S.A. Kahn, H.G. Kirk,
M.J. Murtagh, R.B. Palmer, N.P. Samlos and M. Tanaka
Brookltaven National Laboratory, Upton, NY 11973

and

C. Baltay, M. Bregman, D. Caroumballs, L.D. Chen,
H. French, M. Hibbs, R. Hylton, P. Igo-Kemenes, J.T. Liu

J. Okamltsu, G. Ormazabal, R.D. Schaffer, K. Shastri, J. Spltzer
Columbia University, New York, NY 10027

presented by N.J. Baker

ABSTRACT

We present here preliminary results on a recent experiment on v - e

elastic scattering. A brief review of the Glashow-Salam-Weinberg theory

Is given, indicating how the measurement of the total cross section gives

rise to an ambiguous solution for sin 0 , and showing how the differential

cross section can be used to resolve the ambiguity. The experimental con-

figuration and the extraction of the signal are described. The data are

compared with those from our previous experiment, and relevant distributions

from the combined data sample are presented. The differential cross section
2

Is examined In an attempt to resolve the ambiguity in sin 0 , the lower value.
2 w

of sin 0 =0.20 being favored.
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The differential cross section for v - e~ elastic scattering i« given by:

do, G2 M r

e l ,
-~re- |

where E - incident neutrino energy; E , M » Energy, Mass of the scattered

electron; and g„ g. are the vector, axial-vector couplings of the neutral

current to the electron. At FNAL/SPS energies, Ey »

term above can be neglected.

The total cross section is given by

aisd the third

2 IT
3]

The kinematics of this reaction impose a further constraint on the scattered

electrons:

E e 0 e
2 M

where 0 is the scattering angle (with respect to the incident neutrino) of

the electron; e.g. for electrons of energy 2 GeV (the lower limit for electrons

in this experiment), the scattering angle 9 •v 22.6 mrad. Hence Interactions

due to v - e elastic scattering are characterised by the observation of a

single electron at a very small angle to the incident neutrino beam direction.

In the standard model of Glaehow-Salam-Weinberg; the couplings gy, g. are

parameterized by

gp - 2 sin2 e w - \ : gA - - h,

such that the cross sections become

_i

do G2 M f
v „ e ,

d E e 2 IT yK
sin2 ©w - 1 )

:

M E
e v

2 TT

sin O - 4 sin
w

+ (2 sin

2 „



Fig. 1 displays the slope (a/E ) for neutrinos and antineutrinos as a

function of sin 0 , together with the result from our previous experiment

(a/E = (1.8 + 0.8) * 10~ cm GeV~ ) . As can be seen an ambiguous value

for sin2 0 is obtained; sin2 0w = 0.20 * °*jj| or 0.57 * °*J'. Fig. 2 dis-

plays the electron energy spectra which would be observed in the FNAL wide-
2

band neutrino beam corresponding to thn two values of sin 0 .

The experiment was conducted at FNAL using the 15' bubble chamber filled

with a heavy (64% atomic) Neon/Hydrogen mixture, operating a 30 kG. magnetic

field. The radiation length of 40 cm. affords excellent electron identifi-

cation. The angular resolution on electron tracks Is typically 4 mrad,

while the energy resolution is 10% at 2 GeV, and 15% at 20 GeV. The beam

used in this experiment was the single horn focussed wideband neutrino

beam producing a neutrino energy spectrum which extends from a few GeV to

over 200 GeV, peaking at 25 GeV. In our previous experiment a two horn

focussed beam was employed.

The data was selected via a two step process; firstly a dedicated scan to

collect all unassociated electro -magnetic showers in the forward direction;

and secondly the separation of the showers into electrons, positrons and

photons (y ->• e e ). In the dedicated scan, the following event types were

recorded:

1) All unassociated single electrons/positrons/photons within 30 of the

beam direction (This large angle was selected, to avoid any losses

caused by apparent distortions due to the optics).

2) Any low multiplicity interactions, in which there were any electron/

positron and no more than two hadrons (excluding proton stubs due to

nuclear breakup). These events are used in determining the background

due to the reaction v n •+ e p, in which the proton has too low an

energy to be observed.

For a track to be considered as an electron/positron, it had to be identified

by two or more of the usual signatures; converted bremstrahlung; annihilation;

spiralization; large trident; or sudden curvature changeo All events with an

electron/positron having an energy greater than 2 GeV and within 52 mrad (3 )

of the beam direction were considered by physicists in the second step.



- 4 -

The aim of the second step was to select single electrons/pcsltrons while

rejecting photons. An event was defined to be a single electron/positron, if

there was no visible radiation on a negative/positive track, before there was

observable curvature, so that the event clearly had a single track at the origin.

If there was visible radiation on the track before curvature, the track was

still considered as a single electron If (a) the fastest track coming frons the

confused region was negative, (b) the energy of the fastest positron was lens

than one quarter of the energy of the fastest electron and (c) the energy of the

second fastest electron was greater than one tenth of the energy of the fastest

positron. Condition (b) removes fast symmetric pairs and condition (c) removes

asymmetric pairs with a delta near the origin. The losses caused by these

conditions (an electron radiating more than one quarter of its energy into a

highly asymmetric pair before the original electron had observable curvature)

is calculated to be 3%

The data, from a single scan, is shown in Table 1, together with the data

from the previous experiment and the combined total. The data are directly

comparable, since each experiment had approximately the same flux of neutrinos,

and from an initial estimate of the scanning efficiency, the single scan ef-

ficiency in the new experiment is equal to the overall scanning efficiency in

the previous experiment. Clearly the new data are very consistent with the

previous results. Fig. 3 displays the scatter plot of the electron energy E

vs. the scattering angle 0 for all the single electron events. All the events

are consistent with the kinematics of v - e~ elastic scattering. Fig. 4 dis-
2 v

plays the variable EQ for (a) the single electrons, (b) the single positrons;

and (c) the isolated photons. The single electrons peak sharply, while the

single positrons and isolated photons are more uniformly distributed.

The major background to the single electron signal arises from the reaction

v n •> e p, in which the proton has such low energy that it Is unobserved. The

background due to this process Is estimated at 6%. A further 1% background arises

from asymmetric photons whose kinematics are consistent with v - e elastic

scattering.
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The observed electron energy spectrum Is shown In Fig. 5, together with
2

the predicted spectrum corresponding to the two values of sin 0 determined

in our previous experiment. The data appears to be in better agreement with
2

the lower value for sin 0 . In general the measurement of electroHS in

heavy liquid tends to underestimate the true electron energy. A mismeasurement

of the electron energy would soften the energy spectrum, causing the higher
2

value for sin 0 to be favored. This effect is not observed in our data.

w

In conclusion, we have approximately doubled the size of our previous

data sample, the new data being very consistent with previous data. The

observed electron energy spectrum from the combined data sample appears to

0.57.

2 '
favor the value of sin 0 = 0.20 over sin" 0

w w

The determination of the scanning efficiency from a rescan of the film and

a complete calculation of the background and losses will allow a precise measure-
2

ment of the total cross section and sin' 0 . This research supported in part

by the 0. S. Department of Energy under Contract No. DE-AC02-76CH00016 and by

the National Science Foundation.

TABLE 1

Number of Observed Event3

Event Type

Single electron

Single positron

Isolated photon

v Quasi-elastic

e~ p (+ stubs)

Overall Scanning
Efficiency

This
Experiment

9

5

27

17

Previous
Experiment

11

4
22

22

(78 ± 15)%

Combined
Total

20

9

49

39
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Figure 1. The slope (o/E ) of the total cross sections for neutrino and anti-

neutrino elastic scattering on electrons, as a function of sin 6 •

The dashed line Is the result obtained from our previous experiment.
2

Figure 2. The predicted electron energy spectrum, corresponding to sin 6 »
2 w

0.20 and sin 6 - 0.57 from F.N.A.L. wideband bean.

Figure 3. The scatter plot of electron energy E vs. scattering angle 0 for

the 20 observed single electrons.

Figure 4. The variable E6 for (a) single electrons (b) single positrons and

(c) isolated photons.

Figure 5. The observed electron energy spectrum. Overlaid on this plot are

the predicted spectra from Figure 2.
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f 1 PROGRESS REPORT ON AN EXPERIMENT TO STUDY
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: (Presented by R.E. Lanou)

f " Tn this paper we present progress to date in an experiment (E-73A) to
:P^ measure neutral current phenomena at low neutrino energy (2P0 - E - 3GeV).

V The principal goals center upon the elastic reactions:

(y)+ p .,. <„*+ p (1)

u u
v + e - > ( v ) + e (2)

In addition, for purposes of normalization and determination of background

' we also measure the reactions:

V J

u
v H

t- n •*

h N ->

h n -»-

M

P

e

+ P

+ N' + ir

+ P

v +
u

V M +

"v +

P ->•

N •

P

+
V

H
> e

+
+

n

N'

- n

+ TT

(3)

(A)

(5)

The kinematic regime and the dynamics of the reactions involved dictate

that the detector be an almost (85%) fully active, neutrino target with

fine segmentation. This permits good angular resolution, total energy measure-

merits of hadrons and showers as well as pion and proton identification.

The detector is constructed in a modular fashion. One module consists of

one plane (Y) of liquid scintillator calorimeter and two planes (X and Y) of

proportional drift tubes (PDT's). The details of one module are given in Table I.

The main detector is followed by a "gamma catcher" consisting of 10

calorimeter modules each separated by one radiation length of lead. This allows

energy determination of electron and photon events occurring in the down-stream



with an Intensity approaching 1 x 10 protons~on~target (POT) per pulse into
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portion of the detector. Following the "gamma catcher" is a magnetic spectro-

meter which aids in measuring v (\> ) contamination by v (v ). The entire

detoctoi is; under microprocessor control (Figure 1).

An Import mil feature in limiting certain types of background Is the time

sim-i lire utilized in data taking. The primary beam from the Altern.it Ing

Gradient Synchrotron of the Brookhaven National Laboratory is extracted in

twi-lvi-, radio-frequency "buckets" each separated by 220 nanoseconds. Target

associated background with v f c then arrives out-of-time between the buckets.

Figure 2 shows a portion of this bucket structure for triggers recorded in thu

iletector; the out-of-tlme background is negligible.

Tin; accelerator operates with an approximately 1.4 second repetition rate

an Intensity approaching 1

a horn-focussed wide band beam.
- 19
'f To dite approximately 1.5 x 10 POT have been accumulated for v and v
fl 19 — up
ft about 1 x 10 POT for v . In an attempt to verify the existence of the rare
'is v + e -*• v + e signal and to check upon its predicted rate, we have performed
:'f" M U t

a preliminary analysis on the first 0.9 x 10 machine pulses with a v benm.

; These data are taken from the first half of the completed detector only; the

last portion not yet having been brought into operation. In this preliminary

analysis we have used very simple algorithms and further development of them is

underway; however, as can be seen from what follows they adequately serve the

present purpose.

;v As a guide to the magnitude of the quantities entering into the extraction

of the v e •*• v e signal we quote the relevant, relative fluxes (*) and cross

sections (o):
*(v ) : *(v ) : $(v ) : *(\> ) = 1 : 5 x 10~3 : 1 x 10~3 : 2 x lo""4

\i e \i e

o(v n -* u p) : o(v e •+ v e) : o(v n •• vmr°) : a(v n •+ e p)

- 1 : 2 x 10~4 : 0.1 : 1

The principal background to the v e ->- \> e signal comes from v n -* e p where

the proton missed detection and from v n •+ v nir' where the neutron and one of
u u

- the photons from the ir° were missed. Other reactions involving charged currents

'' and/or charged hadrons are easily suppressed via energy deposition in the

'iff. calorimeters. (See Figure 3).
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We have used a two step technique for background suppression in the

present analysis. The first step is via an "anti-hadron and mtion filter"

algorithm based primarily on calorimeter information — this removes most

of the charged current and charged hadron background while passing (according

to Monte Carlo calculation) 96% of the electron signal. In the data sample

under consideration here this filter passes 290 events with an energy - 200 MeV

and in an angular interval with respect to the mean beam direction of approx-

imately -15 .

This sample of 290 events should then consist primarily of signal and

electron and photon fragments of the reactions v n + e p and v n •* v tin

mentioned above. Thus the second step in our preliminary analysis is to try to

suppress these fragments by passing them through a second algorithm which

separates singly ionizing (favors v e ••• v e) from doubly ionizing particles

emerging from the vertex. This selection is guided by Monte Carlo studies

(75% of single electrons but only 5-10% of photons should pass) and measurements

with singly ionizing cosmic rays passing through the detector. The resulting

algorithm is based upon use of the average energy deposited in the first two

calorimeters after the vertex being less than 15 MeV and a similar cut using

the PDT's. The PDT cut is made by selecting from the first six PDT's (X + Y)

the average of the lowest two -j— measurements (to minimize Landau fluctuations).

A value of <. 9 keV is used as is illustrated in Figure 4. A distinct separation

can be seen between singly and doubly ionizing particles. We are thus confident

that a low background contamination can be achieved via this separation.

Evidence for the signal can be seen by selecting those events which pass

the above cut (80 events) and plotting them so as to take advantage of the

v e -v v c kinematics. A scatter plot of E versus 0 2 (since E 0 2 < 2m )pp e e e e — e

would be most appropriate, however, until we have established our angular

resolution and energy calibration in a tagged electron beam (this run is currently

in progress at the A.fi.S.) it is not useful to nuike such a plot. A more

appropriate variable is an E 26 ? histogram and this is shown in Figure 5a.

Also shown is the histogram of the same variable for those (210 events) which

fail the cut. As can be seen from the two plots, there is a clean signal on a

low background at small E 26 2 and that the background at least as represented by

Figure 5b has a very different shape.
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Until we have completed our electron beam calibrations and extracted from

the neutrino data samples of the background reactions, we are not in a position

to make a reliable background subtraction. This work, as well as refinement

of our algorithms, is already underway. If, however, we provisionally take the

subtractions as normalized, then from this analysis we have a rate of v e •* v e
+ MM

Into the fiducial volume of the full detector of 2.5 -1 event per day In

agreement with our design expectations.

Using this number we would then expect fo find in our presently accumulated

data t>65 v e •+ v e and ^24 v e •+. v e events. Our future program includes the

extraction and analysis of these events, additional approved running in
(-) (-)

1983, identification and extraction of the v p -»• v p signals several thousand

of these should be in our present data), followed by a program in neutrino

oscillation studies (these experiments are discussed In this conference In

the talk of C. Baltay).
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TABLE I
PROPERTIES OF A SINGLE MODULE

* Calorimeter (liquid scintillator):

Active area 4.2 x 4.1 (meter)

Thickness per module 7.9 cm

; No. of cells per module 16 (vertical segment)

Weight (liquid plus acrylic) 1.35 metric tons

Phototubes two, Ampersx 2212A/cell

1 pulse height per phototube

- 2 timing hits per tube

i Proportional Drift Tubes:

}jj Active area 4.1 x 4.1 (meter)

Thickness per module 7.9 cm

•''.- No. of cells per module 54(X) and 54 (V)

Cell size 4.1m x 7.7 cm x 3.8 cm

: 1 pulse height per cell

2 timing hits per cell

>'• Total Assembly:

?,• 1. 118 modules (172 tons)

(•;* 2. Gamma catcher (30 tons)

3. Magnetic spectrometer

4. Phototubes (total of 4096)

5. PDT (total of 13,824 cells)

6. Volume (4 meters x 4 meters x 24 meters)

7. Control (Logic in four parts, under microprocessor (LSI-11/03)

and PDP-11/34 control).
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Llat of Figures

Fig. 1 Logical and physical organization of the F-734 detector

Fig. 2 A portion of the time distribution of events seen In the detector.

Thé beam is extracted from the A.G.S. with 220 nsec separation

between buckets.

Fig. 3 The energy deposited per cell (-7—) for some of the particles in

an inelastic event (v n + \i pjr ). The upper trace clearly shows

the low energy proton plus muon in the first two cells while the

minimum ionizing muon continues on into the remaining cells. The

lower trace shows the drastically different shower development of

one of the photons.

Fig. 4 a) Raw -r- In first PDT after vertex.

b) Variable used for cut in PDT18. (solid - data; dashed - Monte

Carlo; dotted - cosmic rays).

Fig. 5 a) Distribution of those events passing the single-double ionizing

cut

b) Distribution for those failing the cut -(normalized beyond

bin 4). (Note that these events are likely to be dominated ;y

IT" fragments).
1-0



Micro processors
LSI

11-03 i

E-734 DATA COLLECTION
Fig. 1



- 16 -

CM

00
t



V\ ' '

MEV 5 0 H

0-

PROTON
+

MUON

36

MUON

ENERGY DEPOSIT
IN

CALORIMETERS

52

Module num.

100—]

MEV 50 —

0

PHOTON

\

n f! n
47

XL
58

Fig. 3



- 18 -

25

5 1S

>

15
K*V

RAW

30

40

Min -f Min

a — t

Fig. 4



NU-MU BEAM

16

14

DATA AFTER SINGLE MINIMUM ION. CUT

fASS

CUT

10 20

10

(mtv—r

Fig. 5

10 20

to
I

• I- -., J:



- 20 -

MEASUREMENT OF THE RATIO o(v e •*• vue)/a(v e -> v e)

CHARM Collaboracion

F. Bergsma, J. Dorenbosch, M. Jonker, C. Niewenhuis and F. Udo
NIKHEF, Amsterdam, The Netherlands

J.V. Allaby, U. Amaldi, G. Barbiellini*), L. Barone, C. Bust, A. Capone,
W. Flegel, M. Meccalf, J. Panman and K. Winter

CERN, Geneva, Switzerland

J. Aspiazu, F.W. Biisser, H. Daumann, P.D. Gall, E. Metz, F. Niebergall,
K.H. Ranitzsch and P. Stahelin

II. Institut für Experimentalphysik, Universitat Hamburg,
Hamburg, Germany

P. Gorbunov, E. Grigoriev, V. Kaftanov, V. Khovansky and A. Rosanov
Institute for Theoretical and Experimental Physics, Moscow, USSR

A. Bar once H i , B. Borgia, C. Bosio, F. Ferroni, E. Longo, P. Monacelli,
F. de Notaristefani, P. Pistilli, C. Santoni, L. Tortora and V. Valente

Istituto Nazionale di Fisica Nucleare, Rome, Italy

(Presented by C. SANTONI)

ABSTRACT

Results of the measurement of the ratio of muon neutrino-electron to
antineutrino-electron cross-sections are presented. The measured ratio,
based on a sample of 46±12 neutrino events and 77±19 antineutrino events,
is 1.37ÏJ;". It corresponds to a value of sinz 6 H - 0.215 ± 0.040. The
systematic error in sin2 9W is estimated to be IX.

The main goal of pursuing the study of muon neutrino and antineutrino

scattering on aleccrcns is to determine the coupling constants of the

leptonic weak neutral current and to compare them with the predictions of

the gauge models, avoiding the uncertainties inherent in the use of hadronic

targets.

The neutrino and antineutrino electron cross-sections were measured

with the same detector. The ratio

allows a determination of the coupling constants that is less affected by

systematic uncertainties than ehat from a single cross-section.

*) On leave of absence from INFN, Frascati, Italy;
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Within the framework of the SlK2)L*U(l> theory the two cross-sections

can be expressed in terms of the electruweak mixing angle (sin2 fly) and a

multiplying factor (p2) equal to the ratio of the overall strengths of

neutral-current (NC) and charged-current (CC) couplings; p2 can be related

to the isospin of the Higgs bosons1'. It follows that the cross-section

ratio K provides the most direct determination of the parameter sin2 By

without any hypothesis on the value of p2. Moreover, the value of p (ex-

pected to be one in the standard model) can be derived from the measured

values of the two cross-sections, once sin2 9„ is known from the ratio.

The relation between R and sin2 9„ is given by

a(\),.e) 1 - 4 s in ' 9„ + (16/3) sin" 9,
3X I - - " "" w

a(ü e) 1 - 4 sin2 9 + 16 sin1" 6

R varies rapidly for values of sin2 9„ in the range 0.1-0.3. In particular,

& sin2 9 - %(AR/R) for sin2 9tf » 0.25. This fact allows an accurate

measurement of sin2 *)„ in purely lep tonic processes, even for modest pre-

cision on AR/R.

The main features of the muon neutrino-electron scattering processes

are: i) small cross-section f^O^e) = 10"1* o(v N)J; ii) appearance of a

single electron in the final scare; iii) very small angle of the recoil

electron [9 < /(2mec
!/E) = 7 mradj.

The CHARM detector2' is a fine-grain calorimeter followed by a muon

spectrometer. The target calorimeter consists of 78 subunits. A subunit

comprises a marble plate of 3 x 3 m2 surface area and 8 cm thickness

followed by two planes of sensitive elements: i) 128 proportional drift

tubes, each tube having the dimensions 3 * 3 * 400 cm3; ii) 20 plastic

scintillators, of the dimensions 15 * 3 * 300 cm', oriented at 90° with

respect to the tubes. The fiducial mass of the detector is 80 t. The

separation between electromagnetic and hadronic events is based on the

different width of the transverse profile of electromagnetic and hadronic

showers as measured by the scintillators and the proportional tubes3', the

electron-induced showers being narrower. A further distinction between

electron- and pion-induced showers is based on the difference in the de-

velopment, of the showers clone to the vertex. The shower angle, measured

by the proportional tubes, is determined in each projection by the line
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joining Che shower vertex to the shower centre". The energy of the showers

is measured by ionization in the scintillators3'.

The experiment was performed in the horn-focused wide-band neutrino

and antineutrino beams of the CERN 400 GeV SFS. In two exposures of

1.4 x 1018 and 5.7 x 1019 protons on target, respectively 1.3 * 10* neutrino

interactions and 1,4 « 106 antineutrino interactions were observed in the

fiducial mass of the detector.

The analysis has been carried out using the same selection criteria

for the neutrino and antineutrino data. This implies that the systematic

error in the efficiency of detecting electron-induced showers cancels out

in the ratio of the two cross-sections. The criteria are those developed

previously for the measurement of thii muon antineutrino-electron cross-

sect ion*).

The candidate events for neutrino and antineutrino scattering on elec-

trons are searched for among those events which: i) are muonless; ii) con-

tain electromagnetic showers; iii) have a shower angle 6 with respect to

the neutrino beam axis which is smaller than 100 mrad; iv) have an energy

E deposited in the calorimeter between 7.5 and 30 GeV. The E292 distribu-

tions for events with E 20 2 < 0.54 GeV2 selected from v and \J exposures are

shown in Figs, la and b. We chose the variable E 29 : to emphasize the

difference of the signal and the background. The measured energy and an-

gular resolutions3^ imply that 90Z of the \re events have E262 less than

0.12 GeV2, corresponding to the first two bins in Figs, la and b.

The number of genuine \re events in the region E292 < 0.12 GeV2

(forward region) was obtained by extrapolating the background from the

region 0.12 < E282 < 0.54 GeV2 (reference region). We assumed that the

background is due to two sources:

a) Elastic and quasi-elastic CC events induced by the vfi and v contami-

nation of the beams.

b) Neutral-current events with Y and/or TT° in the final state produced by

coherent scattering of muon neutrinos on nuclei.

The normalization of background (a) and (b) was obtained, as in Che

published analysis1*', by a study of the energy deposition (Ef) in the first

scintillator plane following the shower vertex. As shown in Fig. 2, electro-

magnetic showers initiated by one or more photons tend to deposit in this
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criteria discussed in the text; (c) and (d) show
neutrino and antineutrino events satisfying the
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subtractions are discussed in the text.

Fig. 2 Measured distributions of the energy de-
position in the first scintillator plane following
the shower vertex: a) electron-induced showers in
a 15 GeV test beam traversing on an average a
marble plate of 4 cm thickness; b) photon-induced
showers produced by neutrino and antineutrino beams
in an energy-angle range where coherent processes
dominate. (7.5 < E < 17.5 GeV, E262 > 0.54 GeV2).
The contamination due to electron-induced showers
is estimated to be 15Z.
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scintillator plane en energy larger than one minimum ionizing particle

(6 MeV), whilst a large fraction of the showers due to single electrons

give an energy deposition corresponding to one minimum ionizing particle.

For electron-induced showers the efficiency for E. < 8 MeV is (0.32 ±0.05) *\

The number of events attributed to background (a) is obtained from the

events with E, < 8 MeV in the reference region, and from the efficiency of
(-)this cut for elastic and quasi-elastic v^-induced events. The remainder

is attributed to background (b). The efficiency of the cut Ef < 8 MeV for

showers initiated by background (a) was obtained using the events with

visible energy between 30 and 50 GeV and 0.12<E 26 2<0.54 GeV2. We found it

to be (0.26±0.06), equal within the errors, for neutrino- and antineutrino-

induced events. Since in a fraction of the quasi-elastic v^-induced events

the electron is expected to be accompanied by other charged particles, we

used this number, which is compatible with the efficiency for single elec-

trons (0.32 ± 0.05), in the analysis.

The E262 distribution of background (a), known to be energy independent,

has been determined by folding the measured E262 distributions of elastic

and quasi-elastic CC reactions induced by muon neutrinos and antineutrinos')

with the measured electron energy and angular resolutions. The E262 distri-

bution of background (b) was calculated following Lackner's model7'. Since

the ratio (forward rate)/(reference rate) is not very different for the

two backgrounds, 0.49 for processes (a) and 0.39 for processes (b), a

possible error in the composition of the total background has little effect

on the final result.

The results of this analysis are summarized in Table 1 and the shapes

of the two backgrounds are shown in Figs, la and b.

The amount of background (a) found in the V and v beam exposures agrees

with that expected from the computed va and v_ contamination of the two

beams8). The number of neutrino and antineutrino events attributed to

background (b) corresponds to a cross-section ratio compatible with one.

This supports the hypothesis that these events are due to coherent scat-

tering of mvJÉön neutrinos on nuclei.
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Table I

Suamary of «elected «vents

Baan

V

V

Forward ragion

Signal

46 ± 12

77 ± 19

Background
(a)

20 ± 7

93 ± 14

Background
(b)

44 ± 7

79 ± 14

Signal

5 ± 1

8 1 2

Rafaranca region

Background
(a)

40 ± 14

194 ± 28

Background
(b)

112 ± 19

202 ± 35

The variable E f allows the selection of a clear "electron" sample

through the requirement E f < 8 HeV. The E262 distributions for the selected

32 neutrino and 123 antineutrino events with E262 < 1.08 GeV2 are shown in

Figs, lc and d. By fitting the shape of background (a) to the events having

E262 > 0.12 GeV2, (10 ± 4) events are attributed to the neutrino electron

scattering in the v bean and (25 ± 8) events to the antineutrino electron

scattering in the v beam, in gcod agreement with the two signals derived

from the full samples of events and the efficiency for detecting electrons!

(0.32 ± 0.05) s)< This agreement confirms that the signal is in both casas

due to events with a single electron in the final state.

The background analysis was repeated for different energy windows and

gave the energy distributions for the signals and for the two backgrounds

which are shown in Fig. 3 together with their expected behaviour, based on

a simulation of the beams and the energy dependence of the reactions. The

energy distribution of backgrounds (a) and (b) is in agreement, within the

large errors, with what is expected for CC v - and NC v'-induced events,

confirming once more the validity of the «gumptions made in the procedure

for subtracting the backgrounds.

Owing to the experimental requirement imposed on the recoil electron

energy, 7.5 < E < 30 GeV in the analysis, the observed events correspond

to a fraction of the total cross-section (a v l a). In the framework of the

standard model the inelasticity distribution is a function of sin2 eyj

therefore the relation between a and the total cross-section depends

on sin2 8...
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Fig. 3 Distribution of the shower energy E de-
posited in the calorimeter for the events attri-
buted co the signal and to background (a)
(|CC (v£]f and to background (b) [NC (v/]. The
curves show the expected distributions.

to
in
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Fig. 4 Ratio of muon neutrino-electron to anti-
neutrino-electron cross-sections versus sin 8y.
The full curve represents the expectation for
(v^e events for the energy range 7.5 to 30 GeV.
The dashed curve represents the expectation in
the case of full energy acceptance. The measured
value of R and its statistical error is shown to-
gether with the corresponding values for sin2 6y.
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In Fig. 4 the full line represents the expected behaviour of the

quantity

avis(v,e)

as a function of sin2 9„. The integration of a v i a over the energy spectra

of the beams takes into account the folding of the electron-energy cuts by

the energy resolution of the calorimeter. The dashed curve represents the

expectation in the case of full energy acceptance. Here again one can

appreciate the advantage of the ratio method: the difference between the

two curves is very small around sin2 8„ « 0.25, implying that uncertainties

of the spectra and of the energy cuts have little influence on the final

,;,s result.

The ratio of the normalized number of v e and v e events is

Rexp . ̂ V l F

where N(ve) and N(v e) are the number of events induced by muon neutrino-

and antineutrino-electron scattering, and V is the ratio of 3 and v

energy-weighted fluxes. The flux of the various types of neutrinos in the

two beams has to be known. The ratios ^ u/
v
u in the neutrino beam and v /C

in the antineutrino beam were experimentally determined from the observed

]x+/\x~ (]i~/p+) ratios in elastic and quasi-elastic reactions6), while the

Vfi(\3 ) contaminations were computed using the wide-band beam simulation

program''.

We attribute (42 + 11) events of the total (46 ± 12) to muon neutrino-

electron scattering acd (64 ± 16) of the total (77 ± 19) to muon antineutrino-

electron scattering.

The neutrino fluxes were monitored ii. two ways:

i) by measuring the ratio of the neutrino and antineutrino interactions

on nucleons induced by each beam in the same fiducial volume of the

calorimeter, making use of the known neutrino-nuc1eon and antineutrino-

nuc 1 eon total cross-sections9';
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ii) by measuring the number of single V~ (u+) events induced by quasi-

elastic v (v )-nucleon interactions in the fiducial volume of the

calorimeter6), making use of the equality of the cross-sections for

exclusive neutrino- and antineutrino-nucleon interactions on an iso-

scalar target.

The average of the results of the two methods givea a value of

F - 2.09 ± 0.15 (syst.). '

The experimental result is

R**1* - 1.37 _ J|" (stat.) .

The measured quantity R e x p agrees with the predicted Rvia(sin2 ©w) for

sin2 9W - 0.215 ± 0.040 (stat.) ,

as is shown in Fig. 4.

The main sources of systematic uncertainty on R are due to the back-

ground subtraction (±10Z) and to the normalization (±7T).

The error in the background subtractions has been evaluated by varying

the shapes and the amounts of backgrounds (a) and (b) in « correlated way

for the neutrino and antineutrino cases. The error in the normalization

factor was estimated from the difference of the results of the two methods.

The systematic error on R, obtained by adding these two components quadra-

tically, leads to the final result:

sin2 6W - 0.215 + 0.040 (stat.) ± 0.015 (syst.) .

By using the procedure outlined in Ref. 4, we obtain the cross-sections:

- [2.1 + 0.55 (stat.) ± 0.49 (syst.)] x io"*2 cm2/GeV

- [1.6 ± 0.35 (stat.) ± 0.36 (syst.)] x lo*"2 cm2/GeV .

The second value agrees with that obtained by analysing 80* of the total

statistics1*'.
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The simultaneous measurements of R and a(v e) allow a determination

of p. The experimental result is

p - 1.12 + 0.12 (stat.) ± 0.11 (syst.) ,

in good agreement with the expectations of the standard model.

The new determination of the value of the weak mixing angle, derived

from the ratio of the measured cross-sections of two purely leptonic NC

processes, is less affected by systematic errors than the one obtained

from the value of a single leptonic cross-section alone and is net subject

to the theoretical uncertainty due to the value of p2 l'. It agrees within

statistical errors with the values previously found in leptonic*' and semi-

leptonic9'1 reactions, thus favouring a universal coupling of leptons and

quarks to the weak neutral current.
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ABSTRACT

An experiment (LAMPF Mo. 225) to measure electron neutrino-electron
elastic scattering will begin data acquisition shortly. This experiment
will also provide information on Ü, + Ve oscillations, V * e \>e V^
as a test of the multiplicative law, Ve ^C •*• e~ ^̂ jg, and lifetimes
of vp and vp.

Electron neutrino-electron elastic scattering is a process of fundamental

interest and is the primary physics being investigated by a UCI/LANL collab-

oration at LAMPF (Experiment 225). This scattering process involves both the

neutral and charged currents as shown in figure 1.

Figure 1. Keynman diagrams for neutral and charged current

contributions to v -e elastic scattering.

The neutral and charged currents can interfere with each other and various

models make specific predictions for the sign and amplitude of the

interference. Figure 2 shows the predictions of the Weinberg-Salam model

for v-e scattering cross sections. For sin 9 * .23, one expects a

destructive interference of about 25Ï. The goal of E225 is to measure

V -e scattering to sufficient accuracy to determine the sign of this

interference.

Several other processes can be studied simultaneously with the E225

detector. Oscillations of \> + v can be searched for at LAMPF
U e
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by the reaction v p •* e n using the hydrogen in the scintillators

of the detector. Since v e can normally be produced by it • u V y

followed by V * e V and since only 10 to 10 ' of the ir

produced at the beam stop decay before they are absorbed, there is only a

small contamination of V in the beam. The presence of a rate appre-

e
ciably in excess of that expected would indicate neutrino oscillations.

(Neutrino oscillations could also affect the results of \> -e scattering,
e

but current limits on oscillations set a limit on such an effect well below

our accuracy in measuring V -e scattering •) Alternately, such an
e + •» —

excess rate could also be attributed to the decay of JJ •*• e v Vg which

is allowed by the multiplicative law oi lfpton number conservation but is

forbidden by the additive law of lepton number conservation.
12 - 12, 12

The reaction \t C •* e N can be observed using the C
e

present in the detector se int illators. We will measure the rate of this

reaction to bound levels of 'C by looking for a delayed coincidence with
- i?

the e emitted from the beta decay of N.
Finally, we will also be able to substantially improve the limits on th«

lifetime of v and v for any decay mode of the neutrinos in which a photon

is emitted. A positive result would imply that the neutrino has a nonzero

rest mass, that lepton number conservation is violated, and that there is an

odd half-integer spin particle with a mass less than that of the neutrino.

The neutrino facility at LAMPF is shown in figure 3. 800 MeV protons

from the LAMPF linac impinge on several production targets after which the

beam is stopped in a 20 cm thick water degradpr and a water coolpd copper

beam dump. Typically the beam striking the degrader and beam stop is 5S0

MA of 730 MeV protons with pulses 600 usec long at a repetition rate ot

120 Hz. The water degrader is immediately in front of the copper beam stop

and increases the neutrino flux by about hQX over that of the copper beam

stop alone due to the increased cross section section of pion production off

oxygen.

The neutrino spectrum at the LAMPF beam stop is shown in figure A. It

consists of equal numbers of V , V , and V orginating from the decay of
+ + + +-" ^ e

TI •• \i v followed by u • e v v • The neutrino flux was originally deter-

mined in an experiment which measured the muon flux from a «lockup beam stop

at Berkeley . The flux uncertainty from that measurement was about 72.

However, due to modifications of the LAMPF beam stop (primarily the addition
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of the water degrader), the present uncertainty in the flux is about 15;.

We plan to remeasure muon fluxes from a mockup degrader and beam stop to

reduce the neutrino flux uncertainty to about IX. The neutrino flux and

estimated event rates are given on Table 1.
o

The neutrino cave is located at 90 from the beam stop (as shown in

figure 3) in order to minimize the thickness of shielding required to

attenuate high energy neutrons which are peaked in the forward direction. A

prototype study at LAMPF (Experiment 148 ) showed that 6.3m of iron

shielding is sufficient to attenuate beam associated charged particle,

gamma, and neutron backgrounds to less than 10? of the expected u -e

scattering rate. The cave is enclosed by the equivalent of 1.2m of iron ivi

the sides and top which serves to eliminate most of the hadronic component

of cosmic rays.

The detector is shown in Fig. 5. It consists of alternate layers of 1"

thick plastic scintillator and layers of flash chanbers to provide trackinn

information of the electrons. Each layer of flash chamber consists of 5x

and 5y layers with tubes 5.8mm wide and 5.1mm high. The entire detector

consists of 40 layers of scintillator and flash chambers and measures 3m x

3m x 3.7m deep and has a mass of about 14 tons. Each 3m x 3m x 7.5cm

scintillator plane consists of 4 3m x .75m x 2.5cm scintillator slab e..ch of
(3)which is viewed by a 5" photomultiplier . The flash chambers are

constructed of extruded polypropylene sheets and use 90% Ne - 102 He gas.

The flash chambers are read out by a very compact capacitive pickup
(4)

| system which was specifically designed to fit in the severely limited

space available in the neutrino cave.

The detector is surrounded by an active anticoincidence shield to

provide suppression of cosmic ray backgrounds. This shield consists of 600

counters in 4 layers of drift tubes on the sides and over the detector ami a

single layer under the detector. Each drift tube is constructed of extrud-1

aluminum with 8 triangular shaped tubes which provide very high geometric

coverage. Inside the layers of drift tubes is a layer of iron 13cm thick

with an additional 2.5cm thick layer of lead on the front and back walls an<1

on the roof. This additional shielding acts to reduce neutral backgrounds

(eg. muon bremmstrahlung) in which the associated charged particle does not

pass through the anticoincidence shield.
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The electronics of the detector and anticoincidence system is'designed

to provide very high on-line rejection of cosmic ray background. A strong

constraint on the electronics design is to keep the pulse rate of the

thyratrons which pulse the flash chambers to less than 1 trigger/sec which is

the maximum recharge rate of the capacitor banks of the thyratron circuits.

This requires a sophisticated recognition system since cosmic muon rates are

t 100 Hz in the detector. To achieve this, a fast signal from the

anticoincidence counters and a check of floor and roof counters to identify

through muons is used to prevent the flash chambers from being pulsed on

background events and to reduce the dead-time of the detector. In order to

identify backgrounds due to delayed betas from muons which have stopped in

the detector, the output from the scintillators and anticoincidence counters

is put into an 80 bit FIFO registers which stores a 32 gsec history. Thus,

when a valid scintillator trigger from the central detector occurs, the

history of the antis and scintillators can be examined off-line to check for

a muon which passed through the antis and stopped in the central detector

without triggering the central detector. The 32 usec period (about 15
-6

muon half-lives) provides for detection of all but about 10 of muons

which decay.

The electronics is also designed to store the output from the

scintillators for 80msec following valid trigger. This allows recognition
12 -3,2

of the beam associated background \>e C+e N followed by the beta decay

of N which has a 11.0msec half-life with a 16.3 MeV endpoint energy.

A typical background event for a muon stopping in the detector is shown

in Fig. 6. In this event, the muon was detected by the anticoincidence

counters and the detector was triggered by the beta from the subsequent muon

decay. The memory time of the flash chambers is several microseconds, so

one sees the muon track entering the detector as well as the track from the

I subsequent beta decay.

The expected electron scattering event rate and expected background

: rates are given on Table I. These rates are brised on extrapolations from a

prototype detector used in the LAMPF Experiment 148 . During the LANPF

running cycle in November of 1981, we took preliminary £«ta with part of the

i central detector and most of the anticoincidence counters in operation to

measure beam associated backgrounds. During that run, because the rejection

of cosmic ray backgrounds by the anticoincidence system was only about 10
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we vere not able to look directly at electron backgrounds. Instead, we

searched for proton triggers in the counter which occur due to Che

scattering of high energy neutrons from the beam stop off protons in the

acintillator of the detector. We then used the measured ratio from

Experiment 148 of electron background from high energy neutrons to proton

triggers from high energy neutrons in order to determine the rate of beam

associated electron backgrounds. That data confirmed the extrapolations of

Experiment 148 and set a limit on beam associated electron backgrounds at

less than that of the expected V-A rate on Table I. With the

anticoincidence counters fully operational, the expected signal to

background rate should ultimately be 10 to 1.

The current status of this experiment is that 602 of the central

detector is fully operational with the remaining 402 expected to be fully

operational about the beginning of August, 1982. More than 95'i of the

anticoincidence counters are fully operational. The computer read in system

for the anticoincidence counters is also undergoing final debugging and

checkout. Thus, we anticipate that the entire detector and anticoinc i<len<:t-

systems will be fully operational this summer. Complete checkout of

detector performance should be finished by the end of the summer at which

point final data acquisition will begin. We plan to run for one to two

calendar years (150-200 days of beam time) in order to measure approximately

300 electron scattering events.

The primary physics goal of the experiment is to measure 300 electron

scattering events with a signai to background of 10 to 1. Coupled with a

flux uncertainty of 72, this will provide a 102 measurement of the total

neutrino-electron scattering rate. This will be sufficient to determine t!••-*

sign of the interference between the charged and neutral currents as well as

to provide a crude measurement of the amplitude of the interference.

As secondary physics goals, we expect to
- 2 2

(1) set limits on the oscillation v*V of Am « 0.35 eV

(90% C.T..) at maximal mixing and of sin229 - 9xlO~3 (902

C.L.) at large Am . These results should be achieved within

the first 2-3 months of running at which point' our sensitivity will

be limited by beam associated backgrounds.
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> (2) set a limit of about 2% (90S C.L.) on the possible existence of a

I multiplicative law of lepton number conservation.

f 12 -12 12
: (3) measure a rate for v C+e N to bound levels of N
j e

j (4) to improve the limit on the lifetime of v or v by two

orders of magnitude above the current limit of 1.1x10 M

(s/MeV)(5).
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R. Voss, S. Wojcicki, C. ZupanSic

LHU Munchen.
M. Cribier, T. Dobrowolski, J. Feltesse, P.Rich-Hennion, A. Milsztajh,

J.F. Renardy, Y. Sacquin, G. Smadja, P. Verecchia, H. Virchaux
CEN Saclay.

Presented by Crtomir Zupancic
at the International Neutrino Conference
Balatonfiired, Hungary, 14-19 June 1982

ABSTRACT

The BCDMS Collaboration (CERN NA4 experiment) has taken data to measure
the asymmetry in the deep inelastic scattering of |i* and y~ beams incident on a
carbon target. This Measurement can check the structure of the neutral weak
current and set a limit on the weak isospin of the right-handed muon. The
analysis of over 3 million events taken at 120 and 200 GeV is in progress. At
the present level of understanding the data are in agreement with the standard
WS-GIM model.
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I. INTRODUCTION

The discovery of weak neutral currents in vN interactions (1] in

1973 triggered both experimental and theoretical efforts to study their

structure in detail. The experiments done since then on vN, ve,

eN scattering and e e" annihilation are in good agreement with the

predictions of the standard WS-GIM model [2] of electroweafc interactions.

Still, it is considered important [3,4] to test the model in new

kinematical regions and reaction channels.

In order to measure the effect of the Z* exchange interfering with

the dominant one photon exchange and check the prediction of the WS-GIM

model, the Bologna-CERN-Dubna-Munich- Saclay collaboration (CERN NA4

experiment) has measured the deep inelastic scattering of positive and

negative muons on nucleons in an isoscalar carbon target

|i* N • p* + ...

at two incident energies 120 GeV and 200 GeV. This experiment differs from

the SliAC e D experiment [5] in that both the helicity and the charge of

the muon are simultaneously reversed (by reversing the polarities of all

magnets in the experiment), i.e we measure the asymmetry B(u,v,X)

defined as

_, .* du dv
B(u'v'A) 'dV(-A)

du dv du dv

where T~7~ are the doubly differential cross sections of positively and

negatively charged muons with respect to any two convenient kinematical

variables u and v characterising the scattered muon, while A is the

average longitudinal polarization of the negative muon beam. In order to

present data of limited statistics, it is convenient to integrate the

doubly differential cross sections with respect to one or even both

kinematical variables, thus arriving at the asymmetries B(u,X) and

B
t o t(*) defined in complete analogy to expression (1). The domain of

integration in determined by the acceptance of the apparatus and the

kinematical cuts applied to the data.
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If one takes into account only the one photon and the one single Z*

exchange graph, the asymmetry B(u,v,A) is equal to (6]

B(u,v,A) - -K (aM-XvM) A, w (2)

G 1
The quantity K - ~n ~Z~ (G " Fermi constant, a " fine structure constant)

- 1.80 • 10'* G e V 1 characterizes the strength of the yZ* interference.

In principle, the asyunetry B contains terms higher than linear in K which

have been neglected in expression (2). A, is defined as the ratio of

structure functions G, and Ft, i.e.

xG, (x.Q1)

A. Ft (x.Q1)

The definition of G, and Ft is given in ref. 6. Q* is the four momentum

transfer and x is the Bjorken scaling variable

* * 2M(E,-p)

where E, i8 the incident muon energy, p is the scattered tnuon energy

and M is the proton mass. In the parton model, for an isoscalar target,

A, reduces to a constant, namely

the quantities a^ and a being the axial coupling constants of the Z'

to the d and u quark, respectively. Similarly, a and v in

expression (2) are the axial and vector coupling constants of the Z* to

the negative muon. Without restricting the muon to any specific weak

isospin 1>( we can write

~ A v M " *3<1-*) "

L and R labelling the left- and right-handed muon, respectively, and 6

being the Weinberg angle. The asymmetry B(u,v,X) is thus proportional to

a single kinematical variable w defined as

where 1-y • p/Ef.
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Notice that the asymnetry B contains both a parity violating term v A,

and a parity conserving term a A,. In the standard model with I,(u) " 0 and

the present world average value of Bin* 6 » 0.23, the vector coupling

constant v i8 small and the parity conserving term dominates. In this case,

the asymmetry B is negative for any value of X.

It has been shown {7,8] that higher order electroweak terms

("radiative effects") make an important positive contribution to the

asymmetry B and thus tend tc decrease it in absolute value (e.g. by * 40%

at an incident energy of 200 GeV and by * 80% at 120 GeV.)

2. APPARATUS

The NA4 spectrometer is situated in the CERN SPS muon beam behind the

apparatus-of the European Muon Collaboration [9]. The muon beam is

operated with the average muon energy 20 GeV lower than the average energy

of the parent pions and kaons. At 200 GeV this yields maximum intensity

and leads to a calculated [10] absolute value of average polarization

I A| = 0.81 ± 0.04. The measured [11] polarization at 200 GeV agrees with

the calculated value within experimental and computational errors. At

120 GeV the calculated average polarization is |A| - 0.66 1 0.05.

Holo-Veto

Stqminltd trigger
Hodoscope/ counters (20planes) Hodotcopes

Target
(Suniti)

MVVPC'»
(80 planes)

S M I SM2 SM3 SM4 SMS SM6 SM7 SMfl SM9 SMIO

Fig. 1 - Schematic view of the NA4 spectrometer
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The general layout of the NA4 spectrometer is shown in fig. 1. It

consists of a ca. 50 m long torus of iron magnetized to saturation (ca. 2 T)

with targets located in the central bore. Muons of the same charge as the

incident beam are focused by the magnetic field and perform periodical

oscillations inaide the iron with amplitudes proportional to Q*/Q* * Q*/(2HE().

lite spectrometer is subdivided into ten identical supemodules. Each super-

module consists of:

(a) a separate carbon target 5 tn long and 12 cm in diameter (except in the

last two supermodules);

(b) 32 iron disks (each 11 cm thick) magnetized by a common coil;

(c) two trigger counter planes, each consisting of seven concentric rings

with constant radial width and separation which make Q'-selective

triggering possible;

(d) eight planes of raultiwire propprtional chambers (MWPC) to determine

the muon trajectory. Alternating planes measure the x and y

coordinates of the track with a channel width of 4 mm (the spectrometer

axis is defined as the z-axis).

For the asymmetry measurement the spectrometer possesses the important

advantages of high luminosity, large redundancy, and high degree of

azimuthal symmetry.

About 130 m upstream of our apparatus and not shown in fig. 1, a beam

momentum station (BMS) consisting of beam deflecting magnets and hodoscopes

measures the energy of each incident muon with a resolution of O.53L Hits

in the BMS hodoscopes can be correlated in time (to about 1 ns) with hits

in the three beam hodoscopes (each consisting of 72 scintillators in five

concentric rings) shown in fig. 1, a» well as with the trigger counter

planes (to about 10 ns). The first of the beam hodoscopes monitors the

beam flux and is also used in the trigger logic. The apparatus is shielded

against the beam halo muons by a veto system of scintillation counters. A

detailed description of the spectrometer is being published elsewhere [12],
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3. DATA TAKING, ANALYSIS, AND RESULTS WITH STATISTICAL ERRORS

Data for the B asymmetry were taken at two incident energies 200 GeV

and 120 GeV at approximately constant beam intensity of 2*10' ii/spill

in eight periods of 12 days each. The polarities of all magnets were

reversed typically twice during a period; substantially more frequent

reversals were not feasible considering that each took several hours and

necessitated a resharing of the SPS proton beam.

The standard trigger condition for data taking required the

coincidence of four consecutive trigger planes (t> 11 m long track) and

the beam'halo signal. This trigger detects interactions wherever they

occur along the effective target length of ca. 36 m. Part of the 120 GeV

data (one period) were taken with full planes (rings 1-7) in the trigger,

corresponding to Q1/Q2
max * 0.05, while the remaining 120 GeV data

(two periods) and all 200 GeV data (five periods) were taken with ring 1

excluded from the trigger. The latter condition reduces the triggering

rate due to showers and leads to Q V Q 1 it 0.1.
max

The data were processed with a standard program [13] using automatic

selection of deep inelastic events which represent typically 102 of all

triggers. A few percent of dubious candidates for deep inelastic events

were visually scanned and about half of these were rejected as being mainly

halo feed-through muons. Crude stability checks were applied to consecutive

samples of data containing several thousands deep inelastic events each.

These checks concerned beam energy, detector efficiencies, number of events

per incoming flux, average values of kinematical quantities such as

scattered momentum and Q1, etc. About 152 of the samples did not pass

these checks. Finally, the following cuts were applied to the data in

order to avoid regions of rapidly varying acceptance and poor resolution:

•7) 120 GeV(ring« 1-7)

Q'. 40 GeV1 25 GeV1 12 .5 GeV1

mm
120 GeV1

200 GeV

40 GeV1

180 GeV1

.2

.8

.2

.9

120 GeV'

25

120

(ring

GeV1

GeV1

.3

.8

.2

.8

"min •* ••» - 1 *

. 1

.8
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These and similar cuts tried for test purposes do not change the

resulting B by more than one standard deviation

The renaining data contain the following number of deep inelastic

events (in millions)

200 GeV 120 GeV(ringg 2-7) 120 GeV(ring8 1-7)

0.67
0.88

0.31

0.30

0.A6

0.49

We iiave investigated the dependence of B on geometrical variables

such as the vertex coordinate z and the azinuthal angle f of the

scattered nuon and found it constant within statistical errors. The

distribution of events at 200 GeV as function of the variable w - g(y)Q*

and the resulting asymmetry are presented in fig. 2. The asymmetries B are

presented in fig. 3 as function of w, the scattered nuon energy p, the

Bjorken x and the momentum transfer Q', both for 200 GeV and 120 GeV

(rings 2-7) data corrected for radiative effects. The solid lines in both

figures are predictions of the standard model with sin* 6 « 0.23 and,

in the case of raw B, with radiative corrections from ref. 7. The

experimental acceptance and resolution have been taken into account in the

calculations. The errors (vertical bars) in figs. 2 and 3 are only

statistical.

The relative +/- normalisation reflects itself best in the total

asymmetry B
tof In all three cases (220 GeV, 120 GeV rings 2-7, and

120 GeV rings 1-7) the experimental Btofc agrees within the statistical

error of about 0.12 with the theoretical B «e predicted by the

standard model with sin1 •
w

0.23 and radiative corrections.
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U. SYSTEMATIC ERRORS

Systematic errors can arise because of imperfect time stability of the

apparatus, imperfect polarity reversal of magnets, side effects of this

reversal (e.g. change in beam phase space, change of detector

efficiencies), and natural asymmetries other than B (due to the fact that

m?£ter consists predominantly of electrons, u-quarks and d-quarks rather

than their antiparticles). The study of systematic errors and the

application of the corresponding corrections to raw data is in progress and

only a brief preliminary discussion and estimates can be given here.

An objective way of determining the stochastic part of the systematic

error is to repeatedly measure B and calculate the x1 of the results.

Data as presented in fig. 3 were fitted with the two-parametric form

B(w,A) = a(X) -i b(X)w. The slope parameter b(0.81) was obtained

separately for the five 200 GeV data taking periods. From the spread of

results a total stochastic error was determined with the result:

b(0„81) <= (-1.6 ±0.5) • 10-* GeV-1.

The statistical error alone amounts to 4b « 0.3 • 10"* GeV"1. The two

120 GeV (rings 2-7) periods yield values of b(0.66) differing from each

other only by a fraction of the statistical error with the result

b(0.66) - (-2.4 ±0.9) • 10"* GeV*.

Finally, the single 120 GeV (rings 1-7) period yields

b(0.66) - (-1.7 ± 1.1) • 10"* GeV 1.

These three b-values are clearly all mutually compatible and also

compatible with the standard model prediction for sin*d » 0.23

b(X) - (-1.61 + 0.13 X) • 10-* GeV 1.

An analogous variation of results beyond statistical errors is

observed in BtoJ. for the five periods at 200 GeV, leading to a

fluctuating systematic error of 0.2% in B ^ . p o r this reason we have

not yet exploited B t o t to reduce the error on b(X) by effectively

determining it from a one-parameter fit.

Another indication of comparable time fluctuating systematic error in

the 200 GeV data is obtained by calculating the apparent asymmetry between

any two sets of data with equal sign muons, separated by data taken at

opposite polarity (i.e. also by a large time interval).
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Efforts are in progress to reduce or eliminate the sources of

fluctuating systematic errors. At present, not even the straightforward

corrections for varying trigger counter, MWPC and electronic efficiencies

(which are deterrainable from data owing to high detection redundancy) have

been applied to the data.

Compared to the stochastic errors, the systematic errors arising from

imperfect polarity reversal and its side effects and from natural

asymmetries are estimated to be. small. The spectrometer magnetic field was

reversed on a constant computer controlled hysteresis curve with a rplative

uncertainty of 2 * 10"* determined from the analysis of induction loop

and Hall probe measurements as well as iron temperature monitoring. The

relative uncertainty on the equality of y and p" incident energies

is at present 6 * 10"*, as derived from the time stability of the

spatial position and electronic performance of the BMS hodoscopes and the

monitoring of BMS magnetic fields by Hall probes. The phase space regions

of the muon beams with opposite polarity differed imperceptibly from each

other, "if.se three sources of error together cause a systematic error

^irev.l * 0.05'IQ-" GeV 1.

We have indications that the detection efficiencies (trigger counters,

MWPC, and electronics) shift slightly when the polarity is reversed. Until

the corresponding corrections are applied the additional systematic error

on the slope parameter is estimated at Ab < 0.13*10"* GeV"1.

The natural asymmetries considered and studied comprise the charge

asymmetry of halo contaminating the deep inelastic events, the charge

anymmetry of hadronic and electromagnetic showers produced both in the

carbon target and the iron of the spectrometer, the resulting asymmetry of

muons produced in the decay of the hadronic shower component, and the

asymmetry of stopping power of muons in matter. The best present estimate

of systematic error due to these asymmetries ie tbt < 0.13*10"* GeV"1.
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5. CONCLUSIONS

The observed asymmetry in deep inelastic scattering of oppositely

polarized positive and negative muons on a carbon target is within

experimental errors correctly described by:

1. the standard WS-GIM model with sin* 6 . 0.23,

2. the radiative corrections of Bardin and Shumeiko,

3. the quark parton model used in part of the radiative correction

calculations and in the evaluation of the nucleon structure function

ratio A,.

Specifically, fitting an arbitrary weak isospin I,(p) to the

data under the latter two assumptions and with sin1 6 » 0.23 yields

I^(M) - 0.04 ± 0.07 ± 0.03 as the weighted average of the results obtained

at 200 GeV, 120 GeV (rings 2-7), and 120 O V (rings 1-7). The first error

is stochastic, the second is due to uncertainties about polarity reversal

and natural asymmetries.

On the other hand, with the latter two assumnptions and I,(p) « 0,

the best fits to sin1 8 yield as the weighted average

sin1 »w « o.28 ± 0.08 t 0.04.

Finally, assuming the correctness of the standard model with

«in* 8W « 0.23 and of the A,-value, the radiative corrections of

Bardin and Shumeiko are experimentally confirmed within a factor

of about 1.5.

Of course, an accidental cancellation of potential deviations from the

above assumptions is always possible. He consider the result* of our

experiment as a consistency check on these assumptions to be viewed in

connection with all other experimental information on the subject.
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ABSTRACT : In an exposure of the bubble chamber BEBC, f i l l ed with

deuterium, to the CERN SPS wideband neutrino beam we have

measured the neutral to charged current cross section

ratios on proton, neutron and deuterium. The values found

are:

Rp = 0.478 ± 0.033 (stat) ± 0.030 (syst)

Rn = 0.262 ± 0.017 (stat) ± 0.020 (syst)

RN = 0.335 ± 0.016 (stat) ± 0.020 (syst)

The resulting values for the neutral current chirai coup-

ling constants are: u? = 0.14 ± 0.04 and d^ = 0.18 ± 0.05.

In the Weinberg-Salam model this corresponds to

sin*ew = 0.21 ± 0.03.

In the framework of the quark parton model the neutral to charged current

cross section ratios on proton and neutron can be written as:

Rk = f , k u[ + f2
k d* + f3

k ujj + f4
k d^ where k = p,n (1)

2 2 2 2
The neutral current chiral coupling constants u^, d^, uj| and djj were

introduced by Bengal . The coefficients f are ratios of integrals of

quark density distributions inside the proton.

From previous experiments i t is known that: .

a) the contribution of the right-handed coupling constants is small com-

pared to the one of the left-handed coupling constants.

(ujj + d|j)/{uf; + d£) s 0.1 *'J '4 ' .
b) for neutrino induced interactions the coefficients f3 and f. are small

compared to f, and f2< (f3/ft s f4/f2 s 1/3)
 5#6).

Therefore, measurement of the ratios for neutrino Induced events on proton
and neutron separately allows the determination of uf and dp.



- 52 -

•j \ o)

Previous measurements In hydrogen and deuterium ' have yielded results on
2 2

the values of u. and cr which, although not in disagreement with each other
due to the large errors, require further verification.

In this experiment the bubble chamber BEBC filled with deuterium was exposed

to the CERN SPS wideband neutrino beam, obtained from 400 GeV protons. This

analysis Is based on a sample of 38.000 pictures, which were double scanned

for all topologies, except one-prongs without V or gamma. All events with

at least four charged tracks were measured. Events with two or three charged

tracks were measured only if at least one of the tracks has a momentum larger

than 4 GeV/c or if there is an associated V or gamma. One-prongs were

measured only if the momentum of the track is larger than 4 GeV/c and if there

Is an associated V or gamma. All two-prongs were processed through kinematics

In order to identify the decay of gammas, neutral kaons and (anti)lambdas.

Decays without visible origin were removed from the sample.

An event 1s classified as a charged current interaction (CC) If it contains

at least one particle with momentum larger than 4 GeV/c, Identified as a muon

by hits in both planes of the external muon identifier (EMI) '. Otherwise 1t

is classified as a neutral current candidate (NC). For further analysis only

events with total visible hadronic energy E h larger than 5 GeV are used.

An event is classified initially as occurring on neutron (proton) if Its

charged multiplicity, excluding backward spectator protons, is even (odd).

To correct for forward spectators and deuteron rescattering effects, event

weights are used as in ref. 8. The rescattering probability is taken to be

0.12 ± 0.03 (see ref. 10). After correction for scanning efficiencies and

passing rates as a function of topology the sample consists of 3421 CC Inter-

actions on neutron, 1899 CC interactions on proton, 3455 NC candidates on

neutron and 2554 NC candidates on proton.

Important corrections have to be applied to the raw number of events. They

come from two different sources:

a) the limited geometrical acceptance of the EMI and its electronic ineffi-

ciency lead to a loss of CC events and a contamination of the NC sample.

b) neutrino interactions in the material in front of the bubble chamber

produce neutral hadrons (neutrons and K .) which may Interact inside the

chamber and contaminate the NC sample.
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The geometrical acceptance of the EMI as a function of the muon momentum,
its angle with the beam direction and its charge, is determined with a
Monte Carlo program which uses the spatial distribution of the neutrino
interactions as input.
The "electronic" efficiency of the EMI is estimated from a sample of
throughgoing muons to be 97 ± U . Using the geometrical acceptance
table and the electronic efficiency the CC- and the NC-sample are corrected
starting from the observed CC events.
Since the EMI-acceptance drops sharply for muons with momentum smaller than
4 GeV/c, a different method of correction is needed there. This correction
is calculated using a Monte Carlo program which properly reproduces the
observed features of the CC events with muon momentum larger than 4 GeV/c.
It gives the extrapolation to lower muon momenta and results in weight
factors to be applied to the observed CC events.

The correction of the NC sample for hadron induced events is performed using
the B/AS method '. This method starts by attempting to associate NC candidates
to primary interactions visible in the bubble chamber. If the line of flight
joining the primary interaction and the NC candidate makes a small angle
with the beam direction (smaller than 10 degrees) and the total transverse
momentum of the NC candidate with respect to the line of flight Is small
(smaller than 1.4 GeV/c) the NC candidate 1s considered to be an interaction
of a neutral hadron (an associated event). The number of events associated
to an invisible origin (in front of the bubble chamber) is obtained by
multiplying the number of associated events with a factor B/AS. This factor
is calculated with a Monte Carlo program. Its value depends primarily
on the density of matter 1n front of the bubble chamber (Including Its wall)
and the density of the liquid. It also depends on the energy spectrum of the
beam, on its spatial distribution, and on the energy spectrum and the angular
distribution of the neutral hadrons produced in the neutrino Interactions.
These quantities can be determined from the observed events and are used as
input to the Monte Carlo program.

The corrections for unidentified muons and hadron induced events are large
with respect to the number of observed events and produce considerable sys-
tematic uncertainties. As pointed out earlier ' their effect can be strongly
reduced by taking advantage of the following facts, observed In CC events:
a) in a neutrino interaction the total transverse momentum with respect to

the beam direction is smaller than the transverse momentum of the hadronic
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system alone,
b) the transverse momentum of an Individual hadron 1s smaller than the

transverse momentum of the total hadronic system (Pjj).
Consequently, by considering only events with pjj larger than some cut-off
value the Influence of the background can be drastically reduced. From
the observed NC to CC ratio as a function of the cut-off value It was
decided to use only events with plj larger than 1.5 GeV/c.

Further corrections have to be applied for:
a) hadrons being Incorrectly Identified as muon due to background hits

in the EMI or decay in flight. The probability for this to occur 1s
determined by extrapolating the hadrons in the CC events to the EMI.
Then the loss of NC events and the contamination in the CC sample Is
calculated from the observed NC candidates (about 3% and IX respectively).

b) antineutrino background In the neutrino beam. This contamination of
the NC sample 1s determined from the observed CC events with a posi-
tively charged muon. [2% of the CC events with negatively charged
muon).

c) electron-neutrino background in the muon-neutrino beam. Since the out-
going electrons are-usually not Identifiable in deuterium these Inter-
actions contaminate the NC sample. According to the beam simulation

12)program ' this contamination of the beam 1s 1.7%. The correction Is
applied starting from the observed CC events and assuming p-e univer-
sality.

d) scanning losses. Events with less than four charged tracks have to
satisfy certain criteria which suppress NC events more strongly than
CC events. The correction for this Is determined from the hadron
showers of the CC events to be (5 t 2)% for the events on proton.

All these corrections are summarized 1n table 1 toqether with the raw
and corrected number of events.



- 55 -

Table 1: Raw event numbers and corrections for events with

Eh > 5 GeV and pjj > 1.5 GeV/c.

Raw event numbers

Unidentified muons with p
u

Unidentified muons with p
Hadron induced events

Hadrons identified as muon

Antineutrino events

Electron-neutrino events

Scanning losses

Corrected event numbers

CC on
proton

813

> 4 GeV/c +44

< 4 GeV/c +21

-6

872

CC on
neutron

1587

+105

+54

-13

1733

NC on
proton

488

-21

-10

-46
+13

-10

-17

+20

417

NC on
neutron

611

-48
-25

-65

+19

-9

-28

0

455

The resulting values for the neutral to charged current cross section

ratios on proton (R p), on neutron (Rn) and on deuterium (R ) are:

r Rp = 0.473 ± .033 ± (1.030

l f" = 0-262 ± .017 ± 0.020 with Eh > 5 GeV and P* > 1.5 GeV/c

j RW = 0.335 ± .Olfi + 0.020

The first error is the statistical one; the second error represents an

estimate of the systematic uncertainties.

The ratio on proton agrees well with previous results In hydrogen

(0.51 ± 0.04)7) and deuterium (0.49 ± 0.06)8).

The ratios on neutron and deuterium are different by one standard deviation

from the ones obtained recently in another deuterium experiment.

(0.22 ± 0.03 and 0.30 ± 0.03) 8\

The ratio on deuterium is in good agreement with a previous result of a

high precision experiment on a heavy isoscaiar target (0.320 ± 0.010) '

although the cuts applied there are very different (only Eh > 2 GeV).
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To obtain from Rp and Rn the values of the chiral coupling constants
2 2
of and df, equation (1) has to be solved.

For the Integrals of the quark density distributions which enter Into
i c.)

the coefficients fj the values determined previously 1n this experiment
J 4-

are used. The effect of the cuts 1n E. and Pu is determined with the

previously mentioned Monte Carlo program which properly reproduces the

features of the observed CC events. For the dependence of the quark

density distributions on the Bjorken scaling variable x the parametri-
13)zation of Buras and Gaemers 1s taken. The resulting values of the

coefficients are:
f? = 0.46±0.06 f!! = 1.01 ±0.02 f^ = 0.19±0.02 f? = 0.32±0.031 2 3 4 ( 2 )

f̂  = 2.10±0.26 f£ = 0.96±0.02 fjj = 0.78±0.09 f|j = 0.40±0.06

2Ï 2 2

From a previous experiment ' it Is known that u% + dR = 0.036 ± 0.013.

Using this value together with the computed values of f* and f. we estimate

the contribution of the right-handed coupling constants as 0.02 ± 0.01 for

interactions on proton and 0.01 ± 0.005 for interactions on neutron. It

then follows that u2 * 0.14 t 0.04 and d2 = 0.18 ± 0.05, where the

errors Include the statistical and systematic uncertainties in R^ and Rn

as well as the uncertainties in the coefficients f. .

The values found for uf and d, are 1n good agreement with the ones ob-
n N

tained by combining Rp measured in hydrogen with R measured in neon

(u2 = 0.15 ± 0.05 and d£ = 0.17 ± 0.07)7'. They also agree within the

errors with the values obtained in deuterium (uf = 0.19 ± 0.06 and

d£ = 0.13 ± 0 i04)
8 J.

In the Weinberg-Saiam model ' the coupling constants depend on one

common parameter, according to:

u[ = (1/2-2/3 s1n 2e w)
2 and d£ = (1/2-1/3 s1n 2e w)

2 (3)

2 2

which implies that u£ should not be larger than d. .

As can be seen in figure 1 our result is In good agreement with this pre-

diction. When the Weinberg-Salam constraint 1s Imposed to our values of

u2 and d2 we obtain sin e w = 0.21 ± 0.03.
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Q2

0.2

Figure 1. Relations between the coupling constants
2 2

u^ and d. from this experiment. Also shown
is the prediction of the Weinberg-Salam model,
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Poster presented by T. Riemann

Using the Weinberg-Salam theory with a nondiagonal neutrino
mass matrix a la Kobayashi and Maskawa we calculate the deoay
rate of the heavy neutral gauge boson Z into two light leptone
of different flavors: fc-*5+/K. This is of interest for two
reasons. With a large e+e"-etorage ring like LEP one has a
Z-faotory at hand and it ie of value to know all allowed
branchings of the Z-decay. At the other hand, every new plaoe
to search for lepton number violation is weloome - and the
prooess £•*€+/*• is a new measure of the pure Ze^*--vertex at
high energy.

We define the branching ratio of interest as

B -
z "

The prooess is allowed in one-loop approximation by the
following diagrams:

The counter term is completely defined by wave function
renormalization of charged fermions /1/. In the approximation
of vanishing masses of charged fermions we get the following
branching ratio:

Here we use the abbreviations f » M|/MJ et 1.25, 8
2«1-1/f #0.1

and 4,.* m(tfj) /M^. The F ^ are elements of the neutrino Koba-
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yashi-Maskawa mixing matrix. The vertex function
may be expressed by the two- and three point functions of
't Hooft and Veltman /2/ (C(-»4A)=>C and C(A<H )=C)I

-2q3 -[f -^f

) is divergent by the contributions from
and B1, but the combination ;|PP*W4jj) is finite since the
divergent pole parts in V are independent ofA± and cancel
for nondiagonal transitions as a result of the unitary sura.

Numerical results for very small neutrino masses - all 4{4C

In this case the vertex function may be approximated as
follows (<Xj<£ ):

) - V o + V 4 A + -

Here we used y=AV̂ -j>*'. Numerically, we get

V(A , 1.25) - (1.25 + 1.031) + (2.53 - 2.

which yields

i i*4 r'0.99xl0

This is of approximately the same order of magnitude like
results for the decay^•••*j/3/. The prospects to detect a
decay 2«**y» following this formula are rather badt
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A*

- 3.Z* 40- 3

Numerical results for mediate neutrino masses - Oé. A^

The existence of heavy, unstable neutrinos with masses of
several GeV is not excluded experimentally /4/. Their existen-
ce would prevent the GIM-cancellation of the (finite) constant
contributions in V(A,y ) and allow larger rates. Let us as-
sume (N-3) heavier neutrinos besides the 3 known types Vfc|Vu
v_ . Then the branchinc ratio is

O.84XTO-5ƒ S.
Comparing with fig. 1 which shows the function V(A»1.25) one
may obtain an upper limit for B» (assuming 0*6 & 1) using
that Mijl-mi é /VM̂ -̂Vft̂ l.
^he4jj-s//4 is the threshold value where V(A,f) gets an
imaginary part from diagrams with two neutrino propagators.
We get

Bz .14x1O"
5

This prediction is also smaller than necessary for the
detection of possible leptonic non-diagonal Z-decays based
on the conventional Kobayashi-Maskawa mixing in the WS theory.
There remains only the hope that more sophisticated theoreti-
oal schemes allow for larger rates.
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To summarize, we have calculated the branching ratio
Bz a r<l-**+/*>/r(i'*V+*) using the simplest theoretical frame-
work. A non-zero B„ would indicate lepton number violation
at the Z-vertex. Unfortunately, assuming the use of a storage
ring like LEP with £ 10 Z-decays per experiment we got
negligible rates for O
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INTRODUCTION

All experimental data on electroweak processes are in agreement with

the standard gauge model of Glashow, Salam and Weinbeirg. It is therefore

customary to use this model as a guideline for discussing experimental re-

sults.

The basic features of the model may be briefly recalled. The under-

lying gauge group is SU(2), x U(l). Fermions are grouped in left-handed

isospin doublets and right-handed isospin singlets as

Is L L Li

V V V V dR ••• •
The energy scale is set by the mass of the intermediate vector bosons m_

and m^, which means that with present accelerators we are «till exploring

the low-energy domain:

Interactions can therefore be described by an effective Lagrangian of cur-

rent x current coupling,

where J^J^ describes the charged-current (CC) coupling, and the neutral-

current (NC)

T° m i' - .,'«2 o T e m

is composed of the third component of the weak isospin and the electro-

magnetic piece.
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Gauge interactions conserve helicity, ao that only vector (V) and

axial-vector (A) couplings occur. In particular, CC couplings should be

purely left-handed, V - A.

In the simplest form of the model, NC and CC couplings have the same

strength: p - 1.

The structure of the Lagrangian is completely determined up to one

free parameter sin2 6 , and the masses of the vector bosons are fixed by

the low-energy Lagrangian as

m - m_ cos 9 - 37.3 GeV/sin 8 .

This last year has seen essential progress in the investigation of

electroweak interactions, where the main achievements have been the opening

up of a new field by the discovery of electroweak interference effects in

deep-inelastic muon scattering, and the advances made in the investigation

of purely leptonic weak interactions, not only in the scattering of neu-

trinos by electrons but also especially in e+e~ annihilation.

In my talk I will concentrate on recent results, mainly contributions

to this conference, and will refer to review articles1"5^ for a survey of

the whole field.

1. TEST OF V, A COUPLING AMD TIME REVERSAL INVARIANCE
IN ANTINEUTRINO-NUCLEON SCATTERING

Vector and axial-vector interactions conserve helicity. Scalar (S),

pseudoscalar (P), and tensor (T) interactions are accompanied by a spin

flip for the lepton. Since the helicity state of neutrinos is known from

beta-decay experiments, the measurement of the longitudinal polarization

of \i in the reaction

vFe + M+X (1)

constitutes a very direct test of possible S, P, T contributions to the

interaction. Such an experiment has been performed jointly by the CDHS*'

and CHARM*** Collaborations6K

The kinematical variables of reaction (1) are reconstructed from data

recorded in the CDHS detector, whereas the CHARM detector, situated just

downstream of the CDHS detector, is used as a polarimeter. The forward-

backward asymmetry of the decay positrons from muons stopping in the CHARM

*) CERN-Dortmund-Heidelberg-Saclay .
**) CERN-Hamburg-Amsterd&m-Rome-Moscow .
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calorimeter is measured as a function of the muon decay time, this asym-

metry

R(t)
NB(t) -

NB(t)
cos (ait + <(>) + const. (2)

shows the characteristic cosine shape as shown in Fig. I, since the muon

is precessing in a low magnetic dipole field perpendicular to the neutrino

beam.

a)

T- (2.25*0.04) iisec

b)

sec

Fig . 1 Decay time of \x+ (a) and time-dependent backward-
forward asymmetry of decay e + ( b ) .
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Based on % 17,000 events at <Q2) - 4 (GeV/c)2, a fit of Eq. (2) to

the data points yields a phase of <fr • -3.02 ± 0.08 compatible with —n as ex-

pected for positive helicity. The results for Ro, which is the product of

polarization and analysing power, are shown in Fig. 2a as a function of the

inelasticity y • (E- - E *)/E_. An increased sensitivity to S and P con-

tributions is obtained in analysing the asymmetry in terms of y. This is

illustrated in Fig. 2b, which shows the expected polarization as a function

of S and P contributions for various bins in y. From the ratio Ro(y < 0.2)

to Ro(y > 0.5), which does not depend on the analysing power, one can deduce

aS,P/atot
(95Z CD .

b)

0.05

1.0

0.5

50%
25%

O.Ssysi

Fig. 2 a) Asymmetry Ro as a function of the inelasticity y. b) Expected
polarization for different regions of y as a function of S and P
contributions.

In a previous experiment7', where the absolute polarization was determined,

also T contributions, which do not vanish at y - 0, were constrained as

öS,P,T/atot S
(95Z CL) .

This experiment has shown that the coupling is mainly V and A, and, together

with results from investigations of inverse muon decay8), which can dis-

tinguish V + A from V - A, leads to the conclusion that the CC is coupling

predominantly with left-handed quarks.

The same experiment has also set limits on contributions to the coup-

ling that violate time-reversal invariance. For this purpose the polari-

zation component perpendicular to the lepton plane, i.e. proportional to
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a (pv x p ) , was measured. No such term was found in accordance with T-

invariance. Quantitatively,

°T,viol.ting/atot < 11Z WX CL> •

2. LIMIT ON RIGHT-HANDED COUPLINGS IK
INELASTIC NEUTRINO-NUCLEON INTERACTIONS

Based on an analysis of differential cross-*sections, the CDHS Colla-

boration9^ has obtained a limit to the coupling of right-handed quarks for

the CC reactions

vFe + u~X

VFe -* p+X .

If the current couples only to left-handed quarks, then the cross-section

of V scattering on quarks q (v on antiquarka q) is independent of y, and

of v scattering on q (v on q) is proportional to (l-y)2. With the quark

and antiquark structure functions q(x) and q(x),

£ £ * (l-y)2 q(K) + q(x) .

The presence of coupling to right-handed quarks can be parametrized by

P

so that

l ^ - v q(x) + p2q(x) + (l-y)2[q(x) + p*q(x>]

- qL(x) + (l-y)
2 qR(x)

^ • v U-y)*[q(x) + p2q(x)] + q(x) + p2q(x)

- (l-y)JqL(x) + qR(x) .

The different dependence on y for v and v reactions can be used to determine

the x dependence of the structure functions for left-handed and right-

handed quarks. A result of this analysis for a particular bin in Q2 is
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075

Fig. 3 Left-handed and right-handed struc-
ture functions in a particular Q2 range.

shown in Fig. 3. There are no right-handed quarks at large x. the quanti-

tative result

|p2| < 0.009 (90* CL)

obtained for <Q2> - 33 (GeV/c)2 can be used to set limits on the mass

mixing of a second charged vector boson which is predicted in left-right

symmetrie theories based on SU(2)L x SU(2)R x U(l). The mixing of the two

masses Hi and M2 is determined by an angle 9 and

cos2 9 + sin
2 9 , C • sin 9 cos 9

In Fig. 4 the result is compared with limits obtained from muon decay10'.

Fig. 4 Experimental limits on the
mixing angle 9 as a function of the
mass ratio.
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It is important to note that the CDHS result is obtained at high Qz and

is valid also for massive right-handed neutrinos.

3. ELECTROWEAK EFFECTS IN DEEP-INELASTIC
SCATTERING OF MUONS

The discovery of a C-invariance violating asymmetry in deep-inelastic

scattering of polarized negative and positive muons,

u£ c + u+x t (3)

by the BCDMS** Collaboration at CERN11) opens up a new branch of the Sakurai

tetragon (Fig. 5) for the investigation of electroweak interactions. It

provides an essential possibility for testing e-y universality of NC coup-

ling. It is also important to note that the experiment was performed at

high Q*.

Fig. 5 Sakurai tetragon of NC couplings

The asymmetry in reaction (3) is predominantly due to parity-conserving

A, _. 'A ,. interactions, whereas the famous SIAC experiment on scat-lepton quant .
tering of polarised electrons on deuterons12' measures parity-violating

ten» of the form V ^ ^ A ^ ^ .

The experiment measures the asymsetry,

*) Bologma-CERN-Dubna-Munich-St clay
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where A is the longitudinal polarization of the muon beam. An asymmetry

arises if the helicity and charge of the incident p are simultaneously

inverted.

In the framework of gauge models1 ,

B(z,A) » k(Xvj, - a(J)Aoz

with

and the kinematical variable

[y - inelasticity; y - (E^ - E°ut)/EJn] .

Vector and axial-vector coupling of the muon to Z° are written as v„ and

a , and Ao describes the couplings of the quarks to the Zo:

xG3(x,Q
2) 6 . j .

Ao wT7»o2) J d u' •

given in terms of the structure functions G3 and F2 or, for isoscalar tar-

gets, in terms of axial-vector couplings of u and d quarks, au and aj

(As is assumed to be known from other measurements).

The experiment was performed at two different energies, 120 GeV and

200 GeV. Data were taken for two different polarities of the beam corres-

ponding to u" and p£, with longitudinal polarization jAj z BOX. The analy-

sis is based on about 3 * 10s events. Figure 6 shows the distribution of

events at 200 GeV as a function of z, as well as the asymmetry B which,

after radiative corrections, is shown in Fig. 6b; B is a linear function

of z.

The general gauge-theory couplings of the muon, allowing for left-

and right-handed isospin multiplets, can be expressed as:

vu - Is + I? + 2 sin
2 6w ,

ap » I* - if ,

and these couplings are related to the slope b of the asymmetry by

JJJJ - AV(J - a - Ia(V-l) + I?(*+l) + 2X sin
2 9w . (4)
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ZOO G«V

200

F1g. 6 a) Distribution of events as a function
of z. b) Charge conjugation asymmetry after
corrections.

The experimental result is

b - t-1.56 ± 0.40 (stat.) ± 0.16 (syst.)]* 10"* GeV~2 ,

to be conpared with the standard model prediction of b - -1.51 * 10""

This result can be used either to determine the mixing angle in the frame-

work of the standard model (i.e. assuming l~ » -\, I* " 0), giving

sin2 6w - 0.24 t 0.08 (stat.) ± 0.03 (syst.) ,

or to determine the weak isospin of the right-handed muon assuming univer-

sality and sin1 6W - 0.23, 1^ - -Jj, and one finds

I* - 0 ± 0.07 (stat.) ± 0.03 (syst.) ,

which is about 5 standard deviations away from the next possible values

11*1 " 4-
It should b« mentioned that if the experiment could be performed at

different values of the polarization A, the quantities sin2 6^, p, and 1^

could be simultaneously determined Qsee Eq. (4) and Ref. 13}.
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Table 1 shows a comparison of the ration results with those from other

reactions2'. One can conclude that in agreement with the standard model

the nuon couples according to universality, and that right-handed fermions

are isospin singlets. Isospin doublets of the form

are excluded for any mass of the neutral leptons V and M .

Table 1

Results of inelastic, mop scattering (Ref. 11) compared
with those for other couplings (Ref. 2). Values in

brackets constitute inputs to the analysis.

Coupling

uq

vq
+

ve
+

eq

sin2 6W

0.24 ± 0.08 ± 0.03

[0.23]

0.233 + 0.009

0.249 ± 0.031

If

[o]
lR(U) - 0 ± 0.07 ± 0.03

[o]

lf(e) » 0.039 ± 0.047

if(u) - -0.010 ± 0.040

lf(d) - -0.101 ± 0.058

P

co
CO
CO

1.018

±0.045

4. PURELY LEPTONIC INTERACTIONS

4.1 Scattering of muon-neutrino and muon
antineutrinos off electrons

The CHARM Collaboration has measured the cross-section of V e and V e

scattering'1*' in the same detector; the same criteria are used for the

selection of events and the same cuts are applied. Moreover, since the

cross-section ratio R is considered to determine the mixing angle, syste-

matic errors tend to cancel.

Background is the main problem of this experiment, as can be seen

from Fig. 7. A careful investigation was performed in order to understand

the shape and magnitude of the two main background sources: quasi-elastic

V^ scattering, and coherent TT° and y production by v'. The lower part

of Fig. 7 shows, as an example, the selection of signal and quasi-elastic
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Fig. 7 Events as a function of EZ92 for (a) neu-
trinos and (b) antineutrinos, and, after selec-
tion of one minimum-ionizing particle close to
the ve-tex, for (c) neutrinos and (d) antineu-
trinos .

v background at reduced efficiency by selecting events which are consis-

tent with one minimum-ionizing particle emerging from the interaction

vertex.

After background subtraction and correction for the composition of the

beam of different neutrino types, the following events are found:

v e scattering: 42 £ 11 events ,

v e scattering: 64 ± 16 events .
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The cross-section is determined by normalization to the total number of

charged-current v' interactions. Figure 8 shows the relation of R to

sin2 6 s

w

a 1 - 4 sin2 6w + 16/3 sin
1* 6w

R " 51 " 3 1 - 4 sin2 ew + 16 sin" Sw '

From this, one can extract

sin2 9 - 0.215 ± 0.040 (stat.) ± 0.015 (syst.) .

Since R is independent of p2, the relative strength of NC to CC coupling,

one can use the relation

0 " P ^standard model

^

b b

i -

CHARM

-

1 I 1 1 1

(jv

<£

v . .;~̂̂  — ~—
0.2 0.4 0.6

sin'

Fig. 8 Cross-section ratio R as a function of sin2 8
compared to expectation for acceptance-corrected energy
range (full line) and uncorrected energy interval (dashed
line).
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in order to determine p simultaneously:

p - 1.12 ± 0.12 (stat.) ± 0.11 (syst.) .

The result is consistent with p » 1 as required by gauge models with minimal

Higgs sector, where all Higgs particles occur in isospin doublets.

The status of checks on the universality of the weak neutral current

coupling is summarized in Table 2, which compares the result from purely

leptonic reactions with results from semileptonic reactions2^.

Table 2

Results for simultaneous determination
of p and sin2 9W for v^e (Ref. 14) compared

with other channels (Ref. 2).

Coupling

V
eq

V

0.

1.

1.

999

74

12

P

±

±

0.

0.

0.

025

36

16

0

0

0

sin2

.232 ±

.293 +

j

.215 +

ew
0

0
0

0

.027

033
100

043

4.2 Annihilation of e^e" into lepton pairs15)

These purely leptonic interactions explore the highest Q2 range at

present accessible at accelerators. The magnitude of the electroweak inter-

ference effect can be estimated using electromagnetic and weak scattering

amplitudes:

A -A ,
I em weak I weak = 10

e2/q2
em| I weak| | em|

where the SLAC eD experiment12) found effects in the 10"3 range, the CERN

muon scattering experiment'a) in the 10~2 range; at PETRA ant! PEP, effects

of "V 10% are expected.

Assuming universality, one needs three coupling constants,

and h„,, to describe each of the three reactions

h..,

e +e~ •* e +e~

e +e~ •+• T + T ~

(time-liV.e and space-like q2) ,

(time-like q2) ,

(time-like q2) .
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The measurable quantities are the deviations of the cross-section from the

QED predictions

»>
UQED Si e2 "

and the angular distribution (6 - angle between incoming and outgoing

lepton of the same charge)

- J 2 _ . g l [AU-cos2 6) • B cos 6] , (6)

with the symmetric term

and the asymmetric term

A - 1 - 48 — ~ hyy
/2e 2

B - -8s — ^ — h., .

From Eq. (6) one gets the forward-backward asymmetry,

A_ = F " B - 3s G h
^ B ~ F • B 3 S

 A e2
 hAA •

To determine the third coupling-constant involved, h^., polarized beams

or the measurement of the polarization of outgoing leptons would be needed.

For simplicity, the above equations are given assuming s « m|. At the

highest PETRA energies, mass propagator effects are however important

(e.g. ̂  207. increase of A_B) and are taken into account in the analysis

of the data.

The standard model predicts for the coupling constants:

h . i ( l - 4 s i n 2 9 w )
2 ,

hVA - \ (1 - 4 sin
2 6W) .

Examples of asymnetry and cross-section measurements are shown in

Figs. 9 16) and 10 l ? ) . The y-pair asymmetries are in agreement with the

standard model prediction of Aj.B * -9Z for sin
2 6W - 0.23. This is also
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true for the most recent average value for x pairs obtained at PETRA15)

AIJ - (-6.8 ± 3.2)% .

Table 3 shows results for the coupling constants obtained from fit-

ting cross-sections and angular distributions simultaneously. The aver-

age L3 again in agreement with the standard model predictions using

sin2 6W 0.23.

Table 3

PETRA results on weak coupling
constants compared with standard model predictions

with sin2 9„ - 0.23

Experiment

CELLO 1 8 )

JADE 19>

MARK J 1 6 )

TASSO I7>

Average

Standard
model

0.

0.

0.

0.

0.

h

17

36

28

44

324

0

AA

± 0.17

± 0.11

± 0.06

± 0.09

± 0.044

.25

0

0

-0

0

h

.05

.01

.11

.009

0

W

-

± 0.

i- 0.

± 0.

± 0.

.0016

08

05

13

040

Results of determinations of sin2 9W at PETRA and PEP are given in

Table 4: the average agrees well with the most accurate determination of

sin2 8 W from vN scattering.

The couplings for e+e~ and v e are related in models with only one

Z° by factorization relations,

where c^ determines the strength of vv coupling, and c,2, •' 1 in the standard

model. This relation can be used to resolve the ambiguity of v e coupling
*)constants

gV

-0.52 + 0.06

- 0.06 ± 0.08
OR

0.06 ± 0.08

-0.52 t 0.06

*) Latest CHARM results not yet included.
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Table 4

Results from PETRA and PEP
on sin2 6W (Ref. 5)

Experiment

CELLO

JADE

MARK J

PLUTO

TASSO l 7 )

MAC

MARK II

Average

0.

0.

0.

0.

0.

0.

0.

0.

sin2

22 *

25 +

25 ±

23 ±

29 *

24 +

36 *

259 i

ew
0.15
0.10

0.15

0.11

0.17

0.09
0.11

0.16

0.09
0.21

0.051

without reference to serai-leptonic reactions. Clearly h.-̂ . ~ 0 and h.. = 0.34

single out the predominantly axial-vector solution, again in agreement with

the standard model which predicts

-k + 2 sin2 6W .g A - -H gv

Combining the results from purely leptonic reactions, one obtains

sin2 6W - 0.233 + 0.033

which, compared with the vq result2'

sin2 6W - 0.229 ± 0.009 ± 0.005 ,

again strongly supports the universality of electroweak interactions.

The PETRA results can also be used to search for an extra term in the

\effective Lagrangian due to the exchange of a second, higher mass z\

j\ - sin2 e c<jf ) 2 .
A

This extra term with the coefficient C is rot visible in v interactions;

nor is it visible in the experiment of polarized electron scattering, since

it is parity conserving.
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The PETRA results as summarized in Table 5 are ruling out such an

extra term with fairly good precision.

Table 5

Limit on extra terms in the
Lagrangian (Ref. 5)

Experiment

CELLO

JADE

MARK J

PLUTO

TASSO

TASSO15)

Limit on C (952 CL)

< 0.032

< 0.039

< 0.027

< 0.060

< 0.020

< 0.010

4.3 Search for trident production

Coherent lepton pair production by neutrinos in the Coulomb field of

nuclei (Fig. 11) is one of the few sources that allow the study of NC and

CC interference. The CHARM Collaboration has searched for such events6).

Out of ~ 3 x 106 CC events from wide-band beam vu and v^ interactions,

candidates were selected with two muons with p > 7 GeV/c and without

visible hadronic recoil (Eh < 200 MeV). From 1.7 ± 1.7 events found, an

upper limit on the diagonal leptonic coupling constant can be given:

GD < 1.5 GF (902 CL) ,

in agreement with a CDHS result3) of

GD < 1.6 Gp (902 CL) ,

and in agreement with the prediction of the standard model G • 0.77 G_.

NC CC

Fig. 11 Coherent production of lepton pairs.
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5. NEUTRINO QUARK SCATTERING

According to Hung and Sakurai1' the strength and isospin structure

of weak neutral currents can be described by four coupling constants,

a, 3, Yf and 6, as

Jq - aV3 + BA3 + yV° + 6A° .
U U Vi U U

V + 6A
V U U

Isovector + Isoscalar

The chiral coupling constants u. , dL, uR, and dR, as introduced by

Sehgal20>, '•

JU *

are sometimes more directly related to experimentally measurable quantities.

The two sets of constants are related by

uL - j(.a + B + Y + 6 ) ; u^» ^(a - & * y - i) ,

To determine the strength and the isospin structure of the coupling, one

assumes, in general, V, A structure and the validity of the quark-parton

model, and applies the following strategy:

a) High-precision cross-section ratios on isoscalar targets

are used to measure

<UL + dL> ' 4 " K + dR> •

b) Semi-inclusive n production (vN ••• iinX.) or inclusive vp and vn scattering

can be used to separate especially u£ and d£, since



c) Elastic scattering v p -*• v p, exclusive ÏÏ production vp •+ vnir+, etc.,

deuteron break-up v D -*• v np, and coherent production of IT0 in

v N •* TI" V N yield information on the sign of the chiral couplings and

thereby the isospin character.

5.1 Inclusive reactions of neutrinos with
neutrons and protons

There are two contributions to the conference with respect to this

subject which have not been presented by other speakers. Both experiments

are performed using BEBC at CERN.

The Bari-Binningham-Brussels-London (UC)-E.P. Palaiseau-Rutherford-

Saclay Collaboration21) uses an H2 track-sensitive target (TST) to measure

the NC-to-CC ratio on protons

R
p q(vp -» vX) (7)

a(vp •*• u~X)

The Ne-Hj filling of BEBC surrounding the H2 target allows a good measure-

ment of the neutral shower components. Combined with a novel method of

classification, called by the authors a multidimensional discriminant analy-

sis, events can be reliably separated into the three main classes: charged

current, neutral current, and hadron-induced neutral showers. This is

illustrated in Fig. 12, which shows the raw RP values as a function of the

V
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Fig. 12 Cross-section ratio RP as a function of the transverse momentum
of the shower: a) for the H2 bubble chamber, b) for the H2-NC bubble
chamber, with TST.
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shower transverse momentum p for a normal H2 bubble chamber (Fig. 12a)
T

and the new TST method (Fig. 12b). Clearly, the cut which had to be applied

to eliminate hadronic background in Fig. 12a requiring p > 1.5 GeV/c is no

longer necessary in this experiment.

After all corrections, 911 ± 52 CC events and 446 ± 37 NC events are

found, from which one obtains the result

RP - 0.49 ± 0.05 .

The Amsterdam-Bergen-Bologna-Padua-Pisa-Saclay-Turin Collaboration22'

uses BEBC filled with deuterium to derive NC-to-CC ratios on protons and

neutrons. To obtain a clean event classification, the cuts E. > 5 Ge'-' and

p_ > 1.5 GeV/c have to be applied for this experiment. After corrections

the following results are obtained:

RP = 0.48 i 0.05 ,

Rn = 0.26 t 0.03 ,

RD = 0.33 ± 0.03 .

As illustrated in Fig. 13, these results can be used to derive values for

the coupling constants and the mixing angle:

u* = 0.14 ± 0.04
Li

0.18 ± 0.05 sin2 6W - 0.210 + 0.030 .

06

Q4

02

F R O M R' Fig. 13 Relation between coupling
constants d£ and u£, and limits
obtained by the BEBC experiment
(Ref. 20).

02 06

> ' •
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5.2 Neutrino-Induced coherent TT" production*^

In a contribution to this conference, the Aachen-Padua Collaboration *

describes the measurement, in a spark chamber experiment at the CERN Proton

Synchrotron (PS), of coherent production of TT° from Al nuclei by neutrinos

and antineutrinos. The analysis is based on fully reconstructed 2y events

with no visible recoil. A resolution of K 32Z is achieved for the 2y in-

variant mass, and Fig. 14 shows the angular distribution of selected ir".

The forward peak for 9 < 16° is attributed to coherent ir° production. The

200

150-

Neufrino
0.08-mV7 «0.25GeV

EYV -0.25GeV

<s Experiment": 'naked' n*

Experiment: control sample: n'*1p

Theory: only resonant

0' 11* 18" 26* 32* 37* 41* «6*

Pion-Angle 0it-

Fig. 14 Angular distribution of n° compared with a prediction
for resonant production (Ref. 22) and a control sample with
visible proton recoil.

*) The values quoted are those of an updated analysis received after the
conference.
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background can be explained assuming resonance production as illustrated

in the figure, by comparison with a model prediction of Rein and Sehgal2*1^

as well as with the experimentally determined dashed histogram, which con-

tains events with a visible proton recoil.

The signal of 106 ± 33 events is used to derive the cross-section for

coherent n" production:

0 y - (15.7 ± 5.1) x lo"*
0 cm2/Al nucleus .

The reaction constitutes a test of the axial-vector part of weak neutral

currents since, in the extreme forward direction, vector couplings do not

contribute (CVC theorem). In the weak cohersnt interaction of neutral

current,

coherent
A3 + 6A°
U u

the isovector coupling 6 describes coherent it0 and the isoscalar coupling

6 describes coherent n° production. Figure 15 shows the invariant mass of

forward 2y events. The TT° signal is clearly visible, whereas no n° are

produced. Coherent n° production is reduced also because of the low aver-

age neutrino energy. The cross-section for ir° and the limit on n° produc-

tion can be used to derive values for the coupling constants. Table 6

compares the results with previous measurements2^. The axial-vector part

of NC coupling is predominantly isovector, in agreement with the standard

model prediction.

200 400

Invonont Moss

600

, MeV

1000

Fig. 15 Invariant mass of forward-going 2y events.
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Table 6
Axial-vector coupling constants

Aachen-Padua

Previous average2'

Standard model

1

0

.3

.94

e
±

±

1

0

0

.67

.06

< 0.

0.

5

1 ±

0

6

0

(95Z

.09

CL)

6. SUMMARY

All new experimental results are consistent with the predictions of

the standard model. They confirm the predominance of V and A coupling and

especially of V-A coupling for charged current interactions. They show

that fermions couple as left-handed doublets and right-handed singlets and

that the relative strength of neutral to charged current couplings is con-

sistent with being equal also for purely leptonic interactions. The coup-

ling of all leptons and quarks to the Z° is of universal strength, as

illustrated in Fig. 16 which shows the results of measuring the electroweak

mixing angle in a wide variety of reactions over a large range of Q2.

IO'2 KT1 I 10 I02 10s I04 I09

Q* (GeV/c)2

Fig. 16 The sin2 8 determined im various reactions
as a function of the average Qz used in tne experiments.
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These agreements between experiment and theory are quantitatively

verified to a level of 90% or better. The crucial test o£ the relation

nuo - 37.3 GeV/(cos 9w«sin 9W) + corrections

will certainly be made in the near future. With the next increase in

energy, experiments at PETRA vill permit the measurement of the mass of

the Z° through propagator effects and with the pp collider experiments at

CERN, some W* and Z° bosons may soon be identified. Even if these experi-

ments confirm the standard model predictions, there remains the challenge

to determine sin2 6W with high precision as a fundamental constant of

nature and aj a possible discriminator for grand unified theories.
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PARÏTY NON-CONSERVATION IN ATOMS

L.M.Barkov

Institute of Nuclear Physics,

Novosibirsk 90, USSR

Por the first time the parity non-conservation (PNC) effects

in atoms due to neutral currents were discussed by Ja.Zel'do-

vich /1/ in 1959. The important step was made by M.Bouchiat and

C.Bouchiat /2/ who pointed out that these effects are enhanced

in heavy atoms (ZJ low) and proposed to measure a circular po-

larization in strongly forbidden MI transitions.

The circular polarization of radiation arises due to PNC

interaction because of the opposite parity states admixture to

the wave functions of electrons in atoms. As a consequence, a

small admixture of an El amplitude A(EI) to the amplitude of an

MI transition A(MI) appears. In this case, the radiation is

circular polarized with a degree of polarization

P~APNC(E1)/A(M1) .

The PNC amplitude A * (El) can be calculated for atoms if

the constants of weak interaction of electron with nucleons,

which violates spatial parity, are known:

The terms with the derivatives oan be omitted because they are

very small i term with 03-111-^ t e m w i t h ^ c o r r e s p o n d a t o

"anomalous weak moment" and is smaller in ~O</2JT times. There-

fore the weak interaction in atoms can be expressed only

through four parameters C, , C1n, u2 and Cgns

2<j=Zc<f+(A-Z)c«„
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In the Weinberg-Salam-Glashow (W-S-G) model

c,P =-i-fl-4sin
2l9), c,n =-1/2,

1ö) -1.25

and P ~10~' for usual MI transition in bismuth (Z=83), p~10"*

for strongly forbidden MI transition in Cs (Z = 55), P ~ 10"^

for strongly forbidden MI transition in Tl (Z =81).

Another possibility to measure the PNC effects was propos-

ed by Khriplovich /3/, Sandars /4/, Soreide and Portson /5/ who

suggested to measure the optical activity of heavy metal vapour.

The rotation of the plane of polarization of light appeared due t

to the difference of refractive indices n and n_ for right and

left polarized quanta. The rotation angle over a length 1 ia v

t»PNC_ 23TL (n+-n-)_4:nri(n-l)R t
T * *e 2 A j,

where A is wave length of light, R = -P/2 and for Ml transi- . ..

tions R = I APNC(B1)/A(MI) . Por the bismuth vapour in optimal
iiiPNC —7

experimental conditions j ~10 in the frame of V/-a-G model.

Parity nonconservation in hydrogen atoms

Por hydrogen atoms, in spite of low Z, the PÏÏC effects are

not quite near zero because the closeness of the 2P and 2S lev-

els. Without external fields admixture of 2P in 2S state is

about 10" . Additional enlargement of PNC effects is possible

due to the 2S - 2P level crossing in magnetic field. Por exam-

ple, in 575 Gs magnetic field the e - £ states crossing takes

place (see Pig.1) and PNC effects in microwave transition A V =

1600 MHz will be sufficiently enlarged. The microwave experi-

ments in hydrogen are now underway in Michi&an /6/, Seattle /7/»

Yale /8/ and Zurich /9/« In Pig.2 the microwave parity experi-

ment in Michigan is shown. In this experiment the interference

between Stark and weak induced terms can be measured, as it is

clear from Pig.3.
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O 200 400 600 800 1000 1200 B, Gs

Fig.l. Zeeraan diagram for hydrogen at low fields.
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Fiq.2.Schematic diagram of the microwave parity

experiment.
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Fig. 3 Diagram for the electric dipole amplitude a(a-+e-*-ls

transitions.

The first results of the experiment, recently published

/10/, give very rough estimation of the C2 parameter: CL <62O.

Thus the present sensitivity is several orders of magnitude

from providing a test of electroweak theory. The main limita- f,

tion of the experiment arised from modulation of the direction .

of the magnetic field.

Cesium experiment in Paris

In this experiment /11/ the circular polarization of 1.36

micron fluorescent photons, induced by 540 nm laser light beam,

is measured (see Fig.4). The PNC effects arise due to the in-

terference of Stark and weak interaction induced amplitudes.

The scheme of the experiment is presented in Pig.5» The elec-

tric field is perpendicular to the laser light beam direction

E.Ik, • The field induoes the electric dipole in cesium atom

Oi^j- -dt&o- *A «T'E) . The neutral current weak interac- ~
'"' . ' -»PNC PNC 3S >"

tion also gives the electric dipole moment D =E," o . In'

this case (see Fig.6), the polarization of the upper 7S ĵ , state

in electric field has two components one of. which ?« consists

of the interference terms of Stark amplitude with MI and PNC

amplitudes. Latter term is proportional to degree of circular

polarization of incident photons ^, . In the experiment the

circular polarization of fluorescent photons in the kx direc- (

tion perpendicular to Eo and £, is measured. This corres-

ponds to the measurement of the first component Pi . In 1979 •:

after 15 hours of measurements the value compatible both with

zero and WS model prediction was found with statistical uncer-

tainty about +1 WS. The control experiment with "?, = 0 had un-
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1.36/"

540nm

NUCLEAR SPIN 7/2

Pig.4. First energy level of Cs.

CESIUM VAPOR CELL
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W,=700Hz
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Wf/2=36Hz T
P ^ A . £ I Z E D
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DYE LASER
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540nm LIGHT
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•'1

Fig.5. The scheme of the experiment.

Fig.6 Two component of polarization.
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certainty +2W5 and no definite conclusion about PNC effect has

been done. After this many efforts to avoid false signals due

to the spurious electric field were undertaken.

Thallium experiment in Berkeley

In this experiment the interference of Stark amplitude

with MI strongly forbidden transition amplitude and PNC El am-

plitude was measured. The polarization of 7 P1/« P = 1 state

(see Pig.7) caused by 293 nm +1 helicity photons was analyzed

1/2 substates to theby selective excitation of 7 P

8 5^,2 state with circularly polarized 2.18/ifm light and obser-

vation of 8 si/o~*6 pi/o fluorescence at 323 nm. The differ-

ence in polarization for left and right 293 nm photons

A 2A(Ml) ( 1±

defines the value of circular dlchroism d

which in the frame of W-S-G model was calculated /12,13/

The first result of the experiment / H / &eXp " (5.2+2.4)*

didn't contradict the W-S-G model, the last one /15/

(2.8+O.7+O.3MO*3

" -0.2

is consistent with 5"-theor 1ui*e

NUCLEAR SPIN 1/2 6*PVi.

Fiq.7. First energy levels of Tl.

F=l

F=0

F=l
N 21.2GHZ

•F=.O
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Optical rotation in bismuth vapour

The scheme of low energy levels of atomic bismuth is

shown in Pig.8. The optical activity of bismuth vapour was in-

vestigated in region of the allowed MI transitions at A o

= 648 nm (Oxford, Novosibirsk and Moscow) and at A = 876 nm

(Seattle)* Por these lines the theoretical calculations fulfil-

led by different methods agree now quite well with may be one

exception /20/. In /20/ the Hartree-Fock method was used,which

underestimates the result.
Table 1

„•108 value for bismuth (sinz#= 0.25)Calculated Rtheor

Line

648 nm

876 nm

Novosibirsk

_19/16/

Seattle

-18 / 1 7/

_12/ie/

-8.3 / 2 0 /

Oxford

- 1 4 /
1 9 /

.12/19/

Moscow

-15.5/21/

-12.8/21/

The Novosibirsk group used semiempirical approach and the ac-

curacy of their calculations can be estimated as 15^.Therefore,

in comparison with experiments their R4.j,eor values were used.

6P3

NUCLEAR SPIN 9/2

Fig.8 First energy levels of Bi.
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Blamuth experiment in Oxford

The measurements of PNC optical rotation have been done

only in the vicinity of the moat intense F = 6 -* P = 7 hyper-

fine component of the MI transition óp1 *4*% -*• 6f>3 ZH^Z • The

scheme of the experiment is shown in Pig.9. The optical system

comiists of a pair of crossed polarizers with a bismuth oven

between them. The optical rotation of bismuth vapour is measur-

ed by standard method with the help of the Paraday cell. The

bismuth oven has no magnetic shield and therefore the measure-

ments were done at the laser wavelengths, at which Paraday ef-

fect is near zero and PNC effect has maximum. As a control the

measurements with dummy tube without bismuth vapour hove been

done.

The old result of the experiment /22/

R e r p = (2.7+4.7)- W 6

is consistent with zero. The new result /23/

is definitely above zero. The Oxford group searches also now

1

L_l

REGISTRATOR

JASER

MONITOR

PD

^ n i—

INTEGRATOR

BISMUTH

— PSD
2.6Hz

ANGLE LOCK
FEED BACK

OVEN

\ LI 1 ' u—i
P F

i— 4J

PSD
328Hz

PSD
32SHZ

*
^ PD PD''

A

IIu ;

Piq.9. Schematic diagram of appratus. A.P-crossed clan-

Thompson polarizers.. F-Faraday cell, I-interference

filter, PSD-phase sensitive detectors, PD-pin detec-

tors .
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PHC optical rotation at 876 nm. The preliminary result for

this line |R| < 15«10~8 was reported at the Vavilov Conference

(Novosibirsk, 1981).

Bismuth experiment in Seattle

•The experiment was done on the 6p3 ''Si/^ —~ Gp3 2D3/X absorp-

tion line at 876 nm where there are no B o molecular bands. The

scheme of the experiment (see Fig.10) is similar to that of

Oxford.

LASER
DIODE NICOL

P F

Bi VAPOR
LCELL SOLENOID OVEN

•Q-

LASER
TUNE (?.)

&
AVERAGER
SWEEP

MODULATOR DC
ANGLE

PHASE
SENSITIVE
DETECTOR

SIGNAL AVERAGING COMPUTER

NICOL SIGNAL
A DETECTOR

PRE
AMP

BEAM
MOVEMENT
MONITOR

Fig.10. Schematic view of the apparatus.

The old results of the experiment /24,25/ are close to

zero:

R e x p = (-0.7+3.2)»1O"
8 (1977),

R = (-1.1+1.2)-10"8 (1978)
exp ~

and the new result /26/
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Rexp = (-10.4+1.7)«10~8

ia definitely nbove zero and in agreement with W-o-0 mortel

prediction.

experiment in Novosibirsk

The measurements of optical activity on 648 nm bismuth

line were made with the help of wavelength modulation method

shown in Pig.11. In this method the wavelength modulation den

erates the signal from B1T2

in which 1 kHz harmonic appears only through*f "(t) , if the

wavelength modulation is done exactly at' the centre of absorp-

tion line. The signal from PMT1 is equal to

V, ~ Icos2(0+VPNC(t)) «* 10*

and it is possible to subtract v( and Vj. signals, so that

PMT2
BISMUTH OVEN

A DYE LASER

'DIFFUSORS

FILTER
SHIELD

SUBTRACTION

PSD
2 kHz

PSD
1 kHz

PSD
1 kHz

PD

ADC

CONTROLLER
COMPUTER

M-6000

TO CHANGE + 8 •*•• - $

Fig.11. The scheme of the experiment. P-polarizer, A-prism
analyzer, PMT1 and PMT2-photomultipliers, PSD-
phase sensitive detectors, ADC- analog-digital con-
verter, PD- pin detector.
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In the experiment the subtraction is better than 70"^ so that
Vsubtr ^2 Mfz)/V2(2kHz) < 10""

3. The suppression of 1 kHz signal

in I ia also better than 10~". During the experiment the pres-

sure of helium buffer gas (bismuth vapour pressure) was
5 3

Torr, l e f f-50 cm, H
g p u r

p

2«10**5 Gs, +4*1O"3 rad.
e f f g p u r

During one measurement 9 changes 20 times + & *-* - & •

At the first stage of the experiment the measurements

have been done on five MI transitions (1,3,7,12 and 18 lines,

see Pig.12) and three E2 transitions (2,10,17 lines) of the

hyperfine structure of the atomic bismuth lines, and on four

molecular lines (A,B,C,D).

* £ .« J J 9 «4700 4 ,1 -3

Observed absorotion soectrum of bismuth vanor

and ?aradav rotation curve in the vicinity of

the 648 nm atomic bismuth line.
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In these measurements the PHC effect due to neutral cur-

rent weak interaction was observed /27»28/:

= (-19.5+5)-10~8.

At the next stage of the experiment /29/ the measurements were

done on 1,2,3 and A lines (see Pigs. 12 and 13). The results

are presented in Pig. 13 and in Table 2.

P-8 Tirr Bl »-»«" A

r'

Fig.13. a) Dashed line - the theoretical prediction for

PNC optical rotation of bismuth vapor, solid

line - the calculated Faraday rotation; b) -

observed absorption spectrum; c) - the calcu-

lated curve d V ^ d X and the results of the

measurements.
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Thp

Table 2

R values in 10~ rad and 10"' unite,

T.ino.'i

1

2

3

A

6-7

5-7

6-6

-

- 1 2

- 0 .

_o
<u .

- 0 .

P

.9+2-0

7+1

9+1

3+1

.3

.8

.4

R.

-20.9+3-4

-

-17^11

-

%

1 .

0 .

XfAWor
11+0.10

-

9+0.6

Time
meas.

26 x

26 x

13 x

?(-> x

of
, h

1/2

1/2

1/2

1/2

f."
"(o

From these mo.'inurementcs

H =exp

nrvl l:ho average over a l l

(-20.6+3.2)'10'
-P,

-0
<H e X p > - (-20.2+2.7)-10 .

e X p

oxperimont, in Moscow

The nct.oul; of the experiment in shown in Ff.fr;. 14 and is very

fii.Ri.ilar to that of Oxford.

por stabilisation of laoor beam ponition the optical fiber

wars u.̂rtd and for a control the meanurenienta were done at low

birj.mubh pressure. The results of measurements /3O,31/ on

p = 6 —> F = 7 hyperfine component of 648 bismuth line are

shown in ?ig. 15 and in Table 3.

An it is seen from Pig. 15 and Table 3» the measurements

during the third run point out that at low pressure the effect

is not oqunl to zero. It means that the acheme is not free

from spurious effects. Table 3

Run

I
II

I I I
Average

hfmw8

-0.23+1.0
-

3.6+1.3

A!/

-1

-3

.2+1
-

.2+1

. 0

.2

R e x p / R t h e o r

-0.02+0.1
0.22+0.08
0.23+0.08
0.13+0.07
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9.,=78 Hz

O> LOCK
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MPoat

ROTATION
NULLING

---v—- CONTROL
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-•M—.

ADC *

ROTATION
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Fig.14. Setout of the experiment.

rr RUN

~5h—J

xn RUN

Fig.15. A^ measurement on F=6 -• F=7 bismuth line.

• - for full pressure,o — for low pressure.
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J

Summary of the results and conclusion

The last results of the Michigan hydrogen experiment give

no hope to have significant information about an electroweak

interaction of electrons with nucmeons in the nearest future.

As before, bismuth experiments have the highest sensitivity.

Table 4 lists the results of R experiments performed by dif-

ferent groups. It is seen that the experimental results ob-

tained by Novosibirsk, Oxford and Moscow groups still contra-

dict each other.

Pig.16 presents, in chronological sequence, the results

of PÏÏC electron-nucleon interaction experiments. New thallium

experiments in Berkeley and bismuth ones in Seattle give ad-

ditional evidence in favour of the validity of W-S-G model.

Table 4

The R values in 10~ units and R
e x p /

R t n e o r ratio for Bi

Seattle,

876 run

Oxford,

648 nm

1977

1978

1980

1977

1980

Novosibirsk 1978

648 nm 1979

Moscow

648 nm

1980, I

1980,11

Rexp

-0.7+3.2

-1.1+1.9

-10.4+1.7

2.7+4.7

-9+2

-19.5+5

-20.2+2.7

0.4+1o8

-2.3+1.3

Rexp/Rtheor

0.05+0.15

0.08+0.14

0.74+0.12

-O.I5+O.I6

0.47+0.11

1.04+0.3

1.07+0.14

-0.02+0.10

O.13±O.O7
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Pexp/Ptheor

2 •

T
I
I

1978 1979 1980 1981 T, yr

Fig.16. The ratio of experimental PNC parameter to that

predict in W-S-G model with sina0= 0.25.

• - Seattle /24-26/, o - Oxford /22,23/,

A- Novosibirsk /27-29/, X- Berkeley /14,15/,

A- Moscow /30,31/, n - Stanford /32,33/.
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A SEARCH FOR THE ELECTRIC DIPOLE MOMENT OF THE NEUTRON

V.M.Lobashev

Report at the International conference "Neutrino-82"

After discovery of CP-violation in K°-decay a search for

CP-vi dating phenomena outside the K°-system became one of the

most important problemsof elementary particle physics. CP-viola-

tion phenomena are expected to be displayed at low energy proce-

sses as tiny effects. May be in the Higgs particle world those

effects are big enough, but in spite of the smallness of its ma-

nifestations in the common hadron - lepton world, CP-violation

probably played a determinant part for the production of a bari-

on excess at the earliest stage of development of Universe.

A search for the electric dipole moment of neutron and other

elementary particles as a measure of P-parity violation was first

discussed by N.Ramsey and E.Pursell in 1949, later it was under-

stood as a mean to test both parity and time-reversal invariance.

Prom the first experiment by N.Ramsey et al to the la -

test result reported below the limit on the existence of the EDM

of the neutron was reduced fronw5.10 e.cm to 4» 10 e.cm:

that is, by more than five orders of magnitude.

The most sensitive approach for measuring the EDM to date

is the magnetic resonance method for neutrons with an electrio

field applied within the region of a permanent magnetic field.

Interaction of the EJM with the electric field produces a neutron

spin precession frequency shift in the magnetic field. The experi-



- 108 -

ment should involve measurements of the resonance frequency nhift

as the direction of the electric field ia reversed with respect to

the magnetic field. The magnitude of this shift is very amall. As

an example, for an electrical field strength of - 25 kV/cra und KDM=

=10 3e.cm, the frequency shift is~2,5.10 Hz. It is evident that

the task of observing such a shift is extremely complex and calla

for both high intensity of the neutron beam and high sensitivity of

the spectrometer to the resonance frequency shift.

This indicates that the width of the magnetic resonance lino

should be reduced, which in turn is restricted by the neutron resi-

dence time in the spectrometer; that is, by the relation AE 6t~ n. .

In the earlier experiments in the search for the neutron KDM,

use was made of a thermal or cold neutron beam and hence the inte-

raction time was limited by the neutron time-of-flight through the

spectrometer, which amounted at best tO/o10 s.

This report presents the latest results of long study of use

of ultracold neutrons for measurements of EDM of the neutron.

The work: was done at B.P.Konstantinov Leningrad Nuclear Physics

Institute Academy of Sciences of USSR by I.S.Altarev, Yu. V.Borisov,

N.V.Borovikova, A.B.Brandin, A.I.Egopov, V.F.Kzbov, S.N.Ivanov,

V.M.Iobashev, V.A.Nazarenko, V.L.Ryabov, A.P.Serebrov, R.R.Taldaev.

The experiment described below was conducted on the WV/R-LI reac-

tor of the LHPI using the maximum neutron flux density of.- 2.10 *

neutron/cm .a, which is one order of magnitude less than that on the

ILL reactor at Grenoble.

Preparation for the experiment started in 1968 involved overco-

ming the problems connected with the production, channeling and sto-

rage of UCN< developing the method of UCW polarization and for pola-

rization analysis as well as with the methods for increasing the ef-
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ficiency of the UCN detectors ' '. Setting up a highly stable and

uniform magnetio 'field in the spectrometer turned out to be an im-

portant problem. The problems related to high-voltage equipment and

to an insulator coating with a high boundary velocity of neutron

reflection proved to be bigger than originally anticipated*

In place of a single-chamber spectrometer, use was made of a

differential double-chamber version incorporating an electric field

of opposite sign in the two chambers but featuring a common magne -

tic field and a common system of oscillating fields» In this case,

the influence of fluctuations of the common magnetic field and vari-

ous spurious effects caused by the reversal of the high voltage were

reduced to a negligible quantity. This circumstance is critical in

experiments in the search for the BDM because it is impossible to

conduct a full-scale check experiment.

The first result of this study published in 1979 was:

dn = (4 - 7,5).10~25 e.cm;

or at 90JS confidence limit

I ̂ n I < 1» 6' 1 0" 2 4 e*cm

At this stage a source of UCN comprised a 30°K helium cooled

Berillium convertor placed in thermal neutron fluX/^10 n/cm ,s

providing ~1,2.10 UCN/s on the output of neutron quide of 7x6 cm

cross section. At present measurements a more intensive source of
•a

UCN based on a 150 enr liquid hydrogen moderator was developed pro-

viding an ÜCN flux of'5.104 UCN/s.

A simplified sketch of the speotrometer used in the experiment

is shown in fig.1.

The spectrometer incorporates two equivalent channels, each

channel being connected to its appropriate trap for storage of UCN



- 110 -

(upper and lower chambers). The electrical field strength in the

upper and lov/er chambers ia opposite in direction, end hence pa -

rallel electrio and magnetic fields are set up in one chamber nnd

anti-parallel in the other. If the polarity of the voltage supply

to the spectrometer is reversed, the resonance frequency rshift

(with BDI/I £ 0) in the upper and lower channels will be opposite in

sign» This will mcke it possible to distinguish the true "EDI.I ef-

fect" from the spurious one related, for instance, to changes in

the spectrometer resonance conditions due to the influence on the

electronic instrumentation when changing high voltage. A cpurioun

resonance shift in the upper and lower channels will be of the aa-

me sign because use is made of common systema furnishing resonance

conditions in the upper and lov/er chambers. Such an experimental

system enables one to reduce the effect of the magnetic field ina-

tability on the accuracy of the experimental results and, in addi-

tion, solves the problem related to the cheek experiment. The ad-

vantagen specified above give the experimental results a better

reliability and a doubled or trebled gain in the final accuracy.

Secondly, a double analysis of the neutron beam polarization

is made at the spectrometer output. Such a system for the analysis

of polarization makes it possible to register both spin components

of the neutron beam and henco results in a two-fold increase of

the intensity recorded.

The system incorporates two analysiera made of thin ferromagne-

tic film placed in the magnetic field, with tho first one used to

replace the side wall of the neutron guide. Ono component of the

neutron beam, whose spin ia oppcuiito to the field, passes through

the film nnd strikes a double detector D.. v;hi3e the other one ia

reflected from the film and traveIn further to tho double detector

D2 and thus the spin components of the neutron beam are separated.

r
-4.
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Por improving the effioienoy of the polarization analysis, another

film analyzer is provided ahead of detector Dg and a fiipper placed

between the films is used for passing the "proper11 spin component

through.the analyzer.

Note that with this system of polarization analysis the reso-

nance frequency shift leads to an increase in the counting rate

for one double detector and a decrease of the rate for the other.

This fact makes it possible to mark out the change in the resonan-

ce conditions against the background of variations in the neutron

beam intensity brought about by other causes.

In general, features of such an experimental system are based

on the principles of correlation analysis. The experimental system r

in hand incorporates four detectors. The presence of a true EDM ef-

fect causes a specific correlation in changes of the counting rate

for the four detectors which makes the system adequately protected

against most of the spurious effects possible.

The experimental equipment is shown in more details in fig*2.

Ultra-cold neutrons are produced from thermal neutrons in inelas- ;

tic scattering on the converter (17)» The cooled converter and a

mirror type neutron guide section made of stainless steel are pla- ;;

ced in a water cavity in the centre of the reactor active zone I

(16) where the flux of thermal neutrons is~1.10 * n/cm .a.

The UCN flux thus obtained is fed into a magnetic resonance

spectrometer. The polarizer (13) is made from a 1 ix m thick Fe-Co

film placed in a 600 Oe magnetic field set up by permanent magnets.

The polarizer lets neutrons with one spin component pass through '.

and reflects those with tne other. Polarized neutrons go further ;

through a neutron guide made of plate glass coated with a layer of

' Ni, Mo - alloy and get into

tem of magnetic screens (10).

Ni, Mo - alloy and get into the spectrometer surrounded by a sys-
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Two coils (6) in the central part of the screens set up a

uniform static magnetic field whose strength is 0,020 Oe, which

corresponds to a neutron spin precession frequency of 83 Hz» The

solenoid (12) producing the oscillating field is found on the in-

put neutron guide and the magnetic field gradient is 3et up toy

the coils (4). Once through the solenoid, the neutrons are deli-

vered into two chambers. The side walls of the chambers are made

from fused quartz coated by beryllium oxide. Neutrons are fed into

the chambers through the central electrode charged ut zero poten-

tial. The electrical field strength in the chambers is ~25 kV/cm.

On wandering inside the chambers (the UCW mean storage time \

is 5 s) t the neutrons traverse the double neutron guide through v-

an output solenoid setting up the oscillating field and get into

the double polarization analysis system.

The neutrons come to one of the detectors depending upon the •' .

sign of the spin projection onto the magnetic field. It will be

recalled that each detector is of a double type.

Ahead of the detectors there is a downward-bent neutron guide ';

section for accelerating the neutrons in a gravitational field 30

as to let them pass through the aluminium windows of the detectors ;?

which are proportional counters filled with a ^He-Ar mixture. The .,

overall efficiency of the neutron detection in such a system is

close to 100?».

Earch cycle of measurements comprises four exposures with

alternating polarity of the electric voltage, that is + - - + or ';

- + + -, so as to eliminate the influence of the linear drift of

the magnetic field and of the neutron intensity. The cycles of me- -\

asurements with the phase shift between the input and output osci- I

Hating fields of 90° and 270° followed one after another. :J
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Por each detector, the resonance frequency shift and the neu-

tron EDM are calculated from the changes in the neutron counting

rate caused by the high voltage polarity reversal using the formu-

la

1 = (OIa1 ( J w m
k K k k * u '

where oi « (-1) ot (with ot constant), B is the electric field

strength, A f is the change in the resonance frequency caused by

the electric field reversal, ]J+, N~ are the detector counting ra-

tes for positive and negative polarity of the electric voltage,

respectively. Subscripts i = 1,2 refer to the upper and lower cha-

mbers and k = 1,2 to detectors 1 or 2, respectively.

Such a spectrometer scheme offers a check on possible syste-

matic errors. Por the purpose, linearly independent combinations

1 1 2 2
are formed from the four quanti ties d , d , d , d :

1 2 1 2

J = 4 f(d1 - d1) - (d2 - d2)],
* L 1 2 1 2 J

z = -i r<d1 - d1) + (d2 - d 2 ) .
4 L 1 2 1 2 J

(2)

The first of these combinations is specific for the magnitude

of the effect sought. The second permits the possible influence of

the electric voltage reversal on the resonance to be revealed (such

as changes of the magnetic field, of the frequency of the oscilla-

ting magnetic field, the phase difference between the oscillating

magnetic fields at the spectrometer input and output, etc.). The
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third combination contains information relating to the possible

influence ot the voltage reversal on the detectors. Finally, the

fourth combination takes into account the extent to which the abo-

ve effects are compensated for. The difference likely to occur in

the sensitivity of the counting channels of different detectors to

spurious effects due to high-voltage breakdowns is eliminated by

periodic sign reversals of the derivatives bU/èf for all detec-

tors using a switch for changing the phase of the oscillatory field

(from a particular Â P to A'-f+ 180°). These spurious effects can

be eliminated by combining the results of such measurements. Con-

versely, to reveal these effects, the difference J~= J(A^)-J(&v? +

+ 180°) should be set up, when analyzing the results for J.

It should also be noted that the spectrometer scheme referred

to makes it possible not only to compensate for the main syatema -

tic errors, but also to suppress instabilities. The level of in sta-

bility both of the resonance conditions and of the intensity can be

found from the data analysis making use of the difference between

the r.m.s. errors of the values obtained for v and <J~ and the sta-

tistical errors.

The results of measurements of EDM of the neutron are presen-

ted in Table 1. The results for &$ and k^ + 180° are averaged.

Table 1

—25Results of measurements ( in terms of 10 e.cm)

1 d
i 0 i
1 z i
i J" !

+2

16

4

I
r u

,1±2

,6*4

,8*2

,3*3

n

.4

,8

,4

,5

:
'

-1

+ 1

-2

-5

II
r u n

,0*2,8

,5*5,8

,6*2,7

,0*4,1

: III
: r u n

-3,5*1,3

1,1*2,8

-3,7*1,3

-0,6*2,2

f The weighted

J average

-2,0 * 1,0

4,5 * 2,2

-1,9 * 1,0

-2,4 * 1,7
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The first run was carried out keeping the average level of

leakage current in high voltage system about 1 /*A. The other two

were carried out at the leakage current not more then 0,2 U .

This difference of leakage current conditions was probably

the reason why we could not completely eliminate the effeot of the

high-voltage reversals upon the spectrometer, which is obvious

from the value of )̂ different from zero by 3,5 standard deviations.

An analysis carried out for the cases featuring large deviations

showed that the influence of this effeot on the EDM is compensated

for by the two chamber system by a factor of about 20. The contri-

bution of the possible effect due to nonparallelism of the electric

and magnetic fields were checked by measuring a magnetic field inc-

lination with respect to the electric one. The additional magnetic

field perpendicular to the electric one.was produced by special co-

ils and a shift of resonance frequency for different current value

in the coil3 was measured. An angle between magnetic and electric

field directions proved to be/^0,1 rarad, that is the simulated
—26value may be less than 10 e.cm.

Run ]J[ showed a significant deviation from zero bosh d (EDM)

and Z (zero effect) value. The same correlation of d and Z va-

lues but statistically less significant was observed also in Run I

result. At this moment we do not have an explanation of this corre-

lation, if it would exieï.

The EDM value averaged over tree runs is:

m-25
' dn " ~(2 ± e. om.

This value should be interpreted at present understanding of

accuracy level only as:

< 4.1O"25 e.cm

at 90% confidence limit.
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Some further Improvementa of the experiment sensitivity are ^

now under preparation, so we anticipate to achivc the level of stn- }.'•

tistical accuracy of about (0,3-0,5)»10" J in the next year.

At this stage the everall accuracy probably would be dominated

by aystematical errors, especially those ones caused by leakage cur-

rents. ;

Two-chamber system of spectrometer will allow to control the

appearence of such effects, but they should be at last carefully

eliminated.

The calculation of liDM of the neutron are made on the base of

two models. I

In the first one a CP-violation is introduced into Hig^s par- K.

tides interactions (V/einberg S. ' ) . The calculation on the base

of this model give

= 2,3.10 2/f e.cm

= -(1*3). 1O~25 e.em / t j / ;

cL = -(3*9).10"25 e.cm / 6 / ;

n

i
(the later corrected for sign). i_

'V
The firr/T, .-oliie in convincingly ruled out by our limit for the .;!

131)1.1. Tho two other- a m «till within the experimental Incertaintly •'*

'. limltü.

•'I'ho fiecoud clan:; of models of CP-violation ia a ÏCobaynchi-

- -iinnknvm model, v/liero CP-violal; ton ir; introduced in lepton and qu-

ark inixinr, tv,\,"J.nr,. The prcdictionn of t.hj.n model for HUH of the

—Pn
neutron are lower than 10 e.cm.

\. The nr>"t tv.-o year» probnbly v/j l'J /;j.ve ua, information about KD".i

of fcho neutron, v/liich will allow t;o ohoooe botwoon these models.
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FIGURE CAPTIOUS

PIG.1 1- magnetlo shield; 2- coils; 3- chambers

of storage of UOW; P- polarizer; A.,,AO - j
1 2 1 2 •

anal3rzers; D.., D.., Dg, D2 - detectors;

H is the constant magnetic field; H- is

the oscillating magnetic field; E is the

electric field.

FIG.2 Experimental setup.

1- double detectors; 2- flipper of double

polarization analysis system; 3- analyzers; f

4- coils setting up magnetic field gradient; Hf

5- demagnetizing coils; 6- coils setting up *\

constant magnetio field; 7- UCN storage cha-

mbers; 8- flux-gate external magnetio field

stabilization system; 3- quantum magnet ome - I.

ter transducer; 10- magnetio screens; 11-

- cryogenic piping; 12- solenoid for field H..;

13- polarizer; 14- neutron guide; 15- lead

screen; 16- reactor core; 17- converter. 1-
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ABSTRACT
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1. STUDY OF THE POLARIZATION OF POSITIVE MUONS BY V),

This experiment was performed in the wide-band antineutrino beam of

the 400 GeV Super Proton Synchrotron (SPS) at CERN, using the massive

CDHS (CERN-Dortmund-Heidelberg-Saclay Collaboration) neutrino detector

as the target for \> interactions.

The CHARM apparatus ^ was used as a muon polaritneter. Positive muons

focused by the toroidal field of the CDHS detector entered the CHARM ap-

paratus, where about 3% of them stopped (Fig. 1). The experimental ar-

rangement as well as earlier results have been described elsewhere3^.

A magnetic field of 58 G perpendicular to the beam direction, produced

by magnetizing the calorimeter frame as a dipole, induced the spin of the

stopped muons to precess with a period of 1.3 ps. This precession causes

a time-dependent backward-forward asymmetry of the outgoing positron from

muon decay at rest, with a phase and amplitude related to the longitudinal

polarization of the muon. The study of the u polarization is a test of

the structure of weak charged-current interactions at high centre-of-mass

energy.

Vector and axial-vector currents preserve lepton helicity, whereas

possible S, P, T terms in the Lagrangian of the charged-current V inter-

action would flip the helicity and produce positive muons with negative

helicity (Fig. 2).

A total of 195,473 unions were produced in the target and stopped in

the polarimeter, where 27,812 decay positrons were detected. After fidu-

cial volume cuts in the CDHS and CHARM analysis, 17,484 events were left.

The observed time dependence of the backward-forward asymmetry

R(t) =
NB(t) - NF(t)

Ng(t) + Np(t)

is shown in Fig. 3.

TARGET POI.ftRIMF.TER

S.P.T

Fig. 1 Fig. 2
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0.16

0.05

Fig. 4

We parametrized the time-dependent backward-forward asymmetry as

R(t) = Ro cos (wt+(j>) + Ri ,

where Ro = ci'P is given by the polarization value P of the JJ and the

polariraeter analysis power a; <|> is related to the sign of the helicity,

and we expect <)> = 0 for negative helicity and <)> = -n for positive heli-

city. The best fit of the measured asymmetry (continuous line in Fig. 3)

gives Ro = 0.116 + 0.010, 4> = -3.02 ± 0.08, and Rx - 0.364 ± 0.007. The

value of iji is in excellent agreement with the value of -v predicted for

tnuons of positive helicity.

The S and P terms do not contribute to the interaction at y « 0;

therefore, neglecting T contributions, the value of the polarization at

small y (y < 0.2) can be used as normalization for the polarization at

large y to derive a limit on S and P contributions which is unaffected by

the systematic errors on the knowledge of the analysis power of the polari-

meter a.

Figure 4 shows the value of Ro as a function of the inelasticity y.

Using the value of Ro for y < 0.2 as normalization, we get from

0-5 < y < 1.0 a limit of

"S.P

tot
< 0.07 (95% CL) .

We can test time-reversal invariance at large Qz by looking for a

component of the polarization outside the ]} production plane. Such a

term would be proportional to

O (p- x p )
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where O is the spin of the p , and p-, p are the momentum vectors of

the incoming antineutrino and outgoing muon. Since the CHARM polarimeter

can only measure the polarization component in the horizontal plane (per-

pendicular to the magnetic field which is vertical), we have performed the

study of time-reversal invariance by comparing the results of fits to t'ne

backward-forward asymmetry for events in which the positrons frora p' de-

cays appear in two different azimuthal regions of the polarimeter. Two

samples of events were analysed determined by a cut in the azimuthal muon

production angle $. The results of the fits are summ&~ized in Table 1.

Indicating by O„ the contribution to the charged-current cross-section from

time-reversal violating and by r the time-reversal non-violating terms,

we can write

\«\>uo' = awi" +

From the results of Table 1 we find o„/o < 11% at the 95% confi-
T tot

dence level.

Table 1

AH

|*|

1*1

data

< 60°

2 120°

0

0

0

.116

.128

.115

±

±

±

0

0

0

.010

.016

.019

-3.

-3.

-3.

02

05

07

± 0.

± 0.

+ 0.

08

13

16

0

0

0

.364

.362

.372

R,

+ 0.

+ 0.

+ 0.

005

011

010

T-

2. SEARCH FOR COHERENT MUON PAIR PRODUCTION
BY V AND V INTERACTIONS ON NUCLEI

A study of the reactions (see Fig. 5):

Vy + (A,Z) -»• VpM
+M" + (A,2) (1)

(A,Z) (A,Z) (2)

provides information about the diagonal four—fermion interaction '. These

reactions can be mediated both by neutral and charged currents, and in the

standard model the diagonal coupling constant G_ should be of the order of

the Fermi coupling constant G .
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Fig. 5

100 f 200 300 400 500
2//s DE POSIT ION

EVIS (MeV)

Fig. 6

Assuming the Glashow-Salam-Weinberg model, the interference between

the charged and neutral current terms should be negative. We then expect:

G„ = 0.77 G_, assuming sin2 9 » 0.23.
1} r W

A search for events described by reactions (1) and (2) has been per-

formed using data collected during an exposure of the CHARM detector to V

and v wide-band beams at the CERN 400 GeV SPS. During these exposures,

corresponding respectively to 1.3 x 101B and 5.2 x io18 protons on target,

we collected 1.5 x 10s and 1.8 x 106 neutrino- and antineutrino-induced

charged-current events in a fiducial volume corresponding to a target mass

of 129 tons, with the following trigger requirements:

i) detected energy larger than 1 GeV;

ii) at least four scintillator planes hit;

iii) at least one track penetrating at least three magnets of the muon

spectrometer.

We selected recoilless events (E, < 3 GeV) in which both muons had
n

penetrated the muon spectrometer (this implies an effective momentum cut

P)j > 7 ± 2 GeV) .

After these cuts we are left with 27 events induced by neutrinos and

by antineutrinos: we will analyse them together because events due to re-

actions (1) and (2) are symmetric with respect to v and \i .

Figure 6 shows the distribution of the total energy deposited in

10 scintillator planes E 1 0 following the vertex: the expected energy de-

position for two muons is E 1' - 150 MeV. We select recoilless events
meas
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W.S. PREDICTION

(GeV)

Fig. 7

D a

with less than 200 MeV deposited energy in the first 10 planes after the

vertex. The efficiency of this cut is (89.5 ± 1.0)%. After this cut we

are left with eight candidates. The other signature for events due to

reactions (1) and (2) is a low invariant \i (j mass. The invariant mass

distribution for the eight candidates is shown in Fig. 7. The dashed

line in the figure is a Monte Carlo prediction for trident events assuming

the standard model and using our knowledge of the beam spectra and of the

experimental resolutions. Applying a cut at W + _ < 0.8 GeV (corresponding-

to an efficiency of 60% for trident events), two events survived. The

possible background is due to semileptonic hadron (pion, charmed meson,

etc.) decays and can still contribute to the candidate sample. Assuming

that there is no difference in the background dimuon invariant mass dis-

tribution for low hadron-energy and recoilless events, we estimated the

number of background events below W + _ = 0.8 GeV using the dimuon invariant

mass distribution for 19 events with E 1 0 > 200 MeV (Fig. 8). The esti-
meas

mated background is 0.3 ± 0.5 events. The signal which can be attributed

to reactions (1) and (2) is finally 1.7 ± 1.7 events, corresponding to
GD = (0.75 ± 0.40)Gp ,

in agreement, within the very large error, in the context of gauge theories,

with negative interference between the W" and 2° exchange diagrams as pre-

dicted in the case of the Glashow-Salam-Weinberg model. A limit can be set

on the diagonal four-fermion coupling constant corresponding to

(90* CL) .
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3. STUDY OF THE x-DISTRIBUTION IN '&
SEMILEPTONIC NEUTRAL-CURRENT Vp and V^ INTERACTIONS %

Several studies of the x-distribution and the structure function F2 fé

and xF3 for charged-current neutrino interactions have been published
5"8) I

but, up to now, only a bubble chamber experiment9' has reported a measure-

ment of the neutral-current x-distribution in a low-energy (10 GeV) neu-

trino beam, based on 23 events.

As the energy of the outgoing v cannot be measured, the kinematics of

neutral-current events cannot be determined on an event-by-event basis.

The x-variable can be expressed, in the small-angle approximation, as

a function of the hadronic energy (E, ) and hadronic angle (6,), as

n n .->

x = [Ev(Eh - m)] x e£/[2m(Ev - Eh + m)] . fe

In neutral-current events the initial neutrino energy cannot be eva- ~l~

luated from the final state of the interaction. -

We have analysed events collected by exposing the CHARM detector to

the 200 GeV narrow-band beam, which allows a relation to be established ji

between the neutrino energy and the distance r of the interaction vertex a'

from the beam axis. The spread in the beam momentum, limitations in ex- '

perimental resolution, and the ambiguity between the neutrinos from pion

and kaon decay do not allow us to reconstruct the event kinematics on an y.

event-by-event basis. %

Therefore we expressed the measurable quantities (e.g. E. , 6 , r) as
h h A.

functions of x, and performed a fit to the distribution in these measured •*';
quantities to determine the x-distribution. "->

Denoting by G(E , 6 , r) this measured distribution, and by

R(E , 9, , r;x) an expression that takes into account our knowledge of the .;

beam flux and the experimental resolutions, the structure functions can be

determined from the following relation*':

*) In our analysis we have assumed the validity of the Callan-Gross re-
lation1 "' and neglected the strange and charmed quark contribution.
The differential cross-section for NC can be expressed as

(x,Q2)
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G(Eh, , r) dx + G b(E h > (3)

where G (E, , 8, , r) is the background contribution, and where the + sign

refers to neutrino interactions and the - sign to antineutrino ones. The

evaluation of the background and the event selection criteria have been

described in a previous paper1'' on the total V cross-section; in Table 2

Table 2

fc-t

Raw events

K background

WBB background

CC -*- NC

Corrected events

NC

2352

-191

-60

-134

1967

CC

6496

-81

+ 134

6543

NC

1021

-42

-92

-24

863

CC

2689

-197

+24

2516

we summarize the event numbers and the various backgrounds. In Eq. (3)
NCF. (x) is a linear combination of the chiral coupling constant u , u , d ,
1 Ls t\ Li

d and of the structure functions Fi(x) and xF 3(x):n

'(x) (4)

To fit the measured distributions we parametrized F+ as a linear super-

position of bell-shaped functions b,(x):

F+(x) (5)

where b.(x) are quartic B-splines defined between the knots (bin edges)

shown in Figs. 9 and 10. The parametrization of Eq. (5) involves no

a priori assumption concerning the shape of F +(x), merely that it varies

smoothly over a bin in x, chosen to be of the order of the experimental re-

solution.

A maximum likelihood fit to the experimental distribution [[unfolding

of the integral in Eq. (3)3 determined the coefficients a., and by inte-

grating Eq. (5) for each bin of x we can calculate the average value of
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In reality the fit was performed using the variables h

u = /E, /2m 8, , and r, because for h and u the variation of the resolution
n n

with hadronic energy is much weaker than for E, and 6, . We included cor-
n n

rections for scaling violations, assuming that they are the same for

neutral-current interactions as those found previously in charged-current

reactions8'.

To check the validity of the method, we analysed, using the above un-

folding procedure, the charged-current data sample of Ref. 8 without using

the information from the measurement of the muon momentum vector.

and

We expressed F+(x) = 4/3 F2 ± 2/3 xF3, using F2(x) = q g e a 0 0 +

q . (x) and the parametrizations

f1 F,(x) dx

Assuming, as predicted by the Gross and Llewellyn Smith sum rule, that

h Fa(x)d(x) = 3, and fixing the exponent c to be 4.55 as found in the

charged-current analysis8 , we obtained the results in column (b) of Table 3

by fitting the V and V data simultaneously.

For comparison, the results of the fit performed on charged-current

data using the )J information are given in column (a). Comparing the results

Parameter

/o1 F3(x)dx
(fixed)

a

b

C

c

X2/I)F

0

.3

0

4

Table

(a)

CC with
neasurement

52

08

.11

55

3

+ 0

t 0

± 0

± 0

03

16

01

49

CC

0

4

0

4

3

(b)

unfolding
method

3

.61 i 0.09

.37 + 0.65

.13 ± 0.02

.55 (fixed)

6.9/9

(c)

NC unfolding
method

3

0.36 + 0.12

2.03 ± 0.70

0.10 i 0.03

4.55 (fixed)

7.8/9
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in columns (a) and (b), we conclude that reliable x-distributions can be

obtained by the unfolding methods described above. Column (c) shows the

results of the fit performed on the neutral-current samples using the un-

folding procedure. The fitted parameter values agree within the errors with

the values from the charged-current reactions. In particular, we note close

agreement for the amount of sea quark as seen by the rieutral and charged

currents. To observe the expected small differences between neutral-current

and charged-current x-distributions caused by the different strange- and

charmed-quark contributions, higher statistics and improved resolutions will

be needed. Comparing the sea content (C) with that estimated from our pre-

vious analysis of the shape of neutral-current distribution12', we find

a = 0.22 ± 0.22 for the y-shape parameter, in good agreement with

a = 0.22 i 0.07, deduced from the value of C.

Figures 9 and 10 show the structure functions F+(x) obtained for

charged-current and neutral-current reactions, respectively; the full lines

represent the fit performed using the unfolding method, and the dashed line

in Fig. 9 that performed using the information from the measurement of the

hl VCC

~öY"~CM 0.6

Fig. 9 Fig. 10
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Fig, 13

tnuon momentum vector. Since the unfolding of the distributions u, h, r

produces negative correlations between bin contents, the errors in Figs. 9

and 10 take into account the full covariance matrix errors. In Figs. 11,

12, and 13 we show the measured distributions compared with the continuous

lines which represent the fitted curves.
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4. CONCLUSIONS

From a study of the |j polarization we can conclude that V and A terms

are dominant in charged-current neturino reactions at high energy, and nsinj'.

the value of the polarization at low y as normalization we establish a limit

on S and P contributions of a D/o < 7% at the 952 CL. Moreover, we put

a limit to the contribution of time-reversal violating terms in hif;h-enerny

charged-current neutrino interactions of O„/o < 11% at the 95'". CL.

1 tot

In a search for coherent p JJ pair production induced by v and v

events, we have found 1.7 ± 1.7 events that can be attributed to trident

production and thus set a limit on the diagonal coupling constant for the

four-fermion interaction of G < 1.5 G at the 90Z CL.

The analysis of neutral-current x-distributions, performed with a novel

unfolding method, shows no significant difference in the structure of the 5

nucleon as seen by the neutral and the charged current, as expected from l.y

the quark model of the nucleon. '[
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:j 1. Analysis of d 2o V /dxdy at large x and larae y
• '-'i

- ! The analysis of the differential nntineutrino f.roas-

^ section is baaerf on a tot.al of 175.000 v events anti 90,000

.; • v events, obtained in both wide and narrow band beams;, in

"3 the CDHS-detoctor at the CERN SPS.

(\ In the presence of right handed quark currents, th<;

.'• differential antineutr.ino-nucleon oroasj-aootion can he ex-

pressed in terras of the right- and left-handed structure

function» (\~tM anr' licfl- nnt' '̂nH longitudinal structure fiinn-

ti on qT :

q .v. is dominated by the antiquark contribution; the quark

contribution 13 surpressed by C^/Cj, where C„ and 0, are th<;

right- and left-handed coupling constants:

) = q(x) + 0^/0* q(x) .

The contribution of q^» can be eliminated by subtracting the

differential v cross-section, weighted with (1-y)2 . The

quantity which is used in the following is:

<* ÖT + - + ~ [(1-y) - (1-y)3](at large x and y) (1)u L q q

This quantity is experimentally found to be zero to good

approximation at large x and at large y, a result, which its

used to deduce upper limits on ̂ n/C^ and on R = °i/°n>~ Qi/q*

1.1 Limit on R = 0-,/a^

We find: R = oT/o,,,< 0.006 ± 0.012 t 0.025

for 0.4 < x < 0.7 with <Q2> = 38 GeV2/c2.where the errors

given are the statistical and systematic error in terms.
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This upper limit depends only on the absence of the cross-

section at large x and is therefore rather reliable.

Fig.1 shows the upper limit on R for 3 x-bins, compared

to the QCD prediction. The result is also compared to previous

measurements, based on an analysis of the y-distributions of

electron scattering [1] and v + v scattering data [2]. The new

method is much more sensitive at large x. Thus at high values

of Q2, the Callan-Gross violation is near zero at large x. The

large positive value of the SLAC-MIT experiment - if confirmed -

would require a large nonperturbative contribution which vanishes

rapidly with Q2. Substantial progress on the measurement of

R(x) also at small x will be possible in the future using

expression (1).

R

CK

0.2

0.0

— QCD
-f - upper

\ (NBB

ik
i

s

1

1

• CDHS (NBB)
• limits A eN SLAC
+WBB)

i

•

—=:

i

i
1

i i

O ... .2 .4 .6 8 x

Fig.1
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^ .2 Limit on right-handed currents [6]

The uppor limit C.*/o£ <_ 0.009 (90 % eonf idoin-..») \a

obtained for <Q.2> = 33 GcV'/c2. This limit can h». \iv,<-<\ t.i.

constrain the mixing angle 0 and the squared mnso rnl.io

Ml/H? of the right- and left-hnnded vector bononsi, which

appear as parameters in left-right symmotriR modulo [/»J

with right handed currents (fig.2). The restriction on 0

ia |0| < 0.1, nearly independent of M? /M|. This limit i r.

slightly worse than the results based on precision mea-

surements of the parameters in muon decoy [3], however it

applies also to models in which th*i right-handed neutrino

ia heavy, where the muon decay results are inapplicabl«.

.15
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0 0
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-.10

-.15
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2. Results of the CDHS hydrogen experiment

The experimental layout of the CDHS hydrogen experi-

ment is shown in fig.3. The two main parts arn a hydrogen

target (32 m3) upstream to the iron core magnets, and a

vertex localizer, consisting of 5 multiwlre proportional

chambers with a total of 15 planes, in between the target,

and the first iron core magnet. Muon momentum and hadron

energy of hydrogen events are measured by the CDHS u-

spectrotneter and hadron calorimeter respectively. The

proportional chamber hits of penetrating charged partic-

les are used to reconstruct the event vertex to seperate

H2 interactions from tankwall interactions. Fig./V indi-

cates the performance of the vertex reconstruction: each

point represents one vertex, plotted versus the distance

from the first MWPC and the symmetry axis of the target.

The two iron tankwalls of the dewar are clearly resolved.

FiR.3
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Fig.4

This analysis is based on 4453 v events and 3959 v

events with E,, > 20 GeV and E H > 5 GeV, registrated during

the 1979 and 1980 400 GeV wide band beam periods of the

CERN f!PS. To normalize the total cross-sections in hydro-

gen to the total cross-sections in iron, we use 2280 v

events and 1168 v events in the iron tankwalls, as in-

dijated in fig.4t which are registrated simultaneously

v:ith the hydrogen events in the same beam, under identi-

cal trigger conditions, and with similar systematical

problems as the hydrogen events.

2.1 Total cross-section ratio

Using the iron tankwall events, we obtain the fol-

lowing results for the total cross-section ratios Hï/Fe,

valid for <Ey> = 63 GeV and <E-> = 55 GeV:

ovP/(JvFe = n 3 1 ± 0 0 5 ± 0 > 1 0 f

where the statistical and systematic errors are given in
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terms.Since ovP/ovFe = 56ovP/(26ovP + 30ovn), we can also

obtain the n/p cross-section ratios from the H2/Fe ratios.

The results are given in tab.1, and in fig.5 for 3 values

of E , in comparison to previously published results. There

is good overall agreement. It should be noted that our mea-

surement is at significantly higher energies compared to

other experiments, and (in the case of neutrino) is rather

accurate.

vHjNe 7'BNL

vHjNe 15'FNAL

vDj "

vDa BEBC

i»K2Ne BEBC-TST

AT ^̂T̂  v̂ ^ nnuoVïl 2 >v J? 0 0 Uil O

Ev[GeV]

1-10

10-200

> 10

> 10

•v, 30

20-160

2 .

2 .

2 .

o™/ovP

1.80±0.19

18+0.13±0.

22+0.12+0.

1.98±0.19

05±0.09±0.

28

25

17

0

0

0

ovn/o

0.57±0

.51±0.

.51±0.

.56±0.

vp

.05

15±0.

01+0.

05±0.

07

03

10

Ref

7

8

9

10

11

Tab. 1

os

+ T8NL
o 15'FNAL W,
v B-FNAL vD,

A BEBC D,
a BEBC TST
• CDHS

Fig. 5

w SO WO 200
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2.2 Determination of dy(x)/u (x)

Hydrogen experiments are of interest mainly for two

reasons; i) to determine the ratio d (x)/u (x) of the

valence quark distributions and ii) to determine the ratio

u(x)/d~(x) of the sea quark distributions, which can only be

measured in neutrino scattering.

At large x (i.e. x £ 0.3), the contribution of the sea

quarks to the differential cross-sections is small, i.e.t

K]/[dovp/dx]•(1*y)2 for x £ 0.3.

is shown in fig.6. It is com-

dv(x)/uy(x) *

This quantity as measured

(1-y)'—-

.2 .<• .6 . 8 x 1

Fig.6

Diff. cross-sections are evaluated using the cross-
section ratios of section 2.1. The data have been cor-
rected for acceptance and smearing with the help of ex-
tensive MC-simulations. The corrections are large at small
hadron energies and low muon momentum, they become less
important at high neutrino energies. Most results are
based on cross-section ratios, for which these effects
cancel to good approximation. Radiative corrections have
been applied according to de Rujula et al. [5].
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pared to a parametrieation, assuming dv(x)/uv(x) « (1-x)
and accounting for the sea quark contribution at small x.
At large x, u (x) Is clearly dominating. Fig.6 also shows
the same quantity for iron , which is expected to be 1 in
the valence region. The observed deviation from 1 at small
x indicates the contribution of sea quarks. The clear dif-
ference between hydrogen and iron data shows that the ob-
served x-dependenoe of dv(x)/uy(x) is not instrumental.

2.3 Determination of (IT + 5")/(ïï + S")

The contribution of sea quarks is most easily measured
in v-scattering at large y. To determine the sea quark ratio
U7D~» we compare the y-distributions for v-scattering on
proton and iron targets, using the quantity

f 1 /2 o od ovp/dy ] / [1 / o od cvN/dy ] =

y ) 2 + ÏÏ+5" + Q j ( f *e

Our result for this ratio is shown in fig.7, compared to
expectations for different assumptions on TT/C. There are
two sources of information about TT/TTt i) the value; at
y = 1 (should be 0.5 for U=D) and ii) the shape of thé
y-distribution. A fit to this observed ratio yields for
an average hadron energy of 4-0 GeVt

(ff + S)/(D + S) = 1.29 ± 0.3,

where the error contains the statistical and the systematic
error due to the error on the total cross-section ratio. It
should be noted that this result is based on the analysis
of a cross-section ratio, which is unaffected by scaling
violations and insensitive to assumptions about the Callan-
Gross violation. Thus within the given errors, our result
is consistent with a symmetric sea. This is further sup-
ported by a comparison of the shape of the v-p and v-N

+ )
The present analysis uses high statistic wide band beam

iron data, registrated in the CDHS-detector, which are
passed through the same analysis programs as the hydrogen
data.
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x-distributions at large y, which are dominated by scattering

off sea quarks. The differential croas-sections are compared

in fig.8a. Indicated are also the expected valence quark

contributions. Fig.8b gives the cross-sections after sub-

traction of the valence contributions, indicating that the

sea is also symmetric in shape.

2.A Determination of dy(x)/uv(x) in the sea region

To determine d (x)/u (x) also in the sea region, we use

the v/ïï cross-section ratios for hydrogen and iron. From an

experimental point of view, these ratios are the best mea-

sured quantities, as uncertainties due to acceptance, smearing,

ect. cancel. Also Fermi motion effects for the iron cross-

section cancel.

The cross-section ratios can be expressed by the two

parameters dv(x)/uv(x) and sea(x)/uv(x):

[davP/dx]/[do^7dx](1-y)' = [d /u

where the SU2-symmetry of the sea has been used. This system

of linear.equations can be solved for d /u for eaeh value

of x at fixed y. The result is plotted in fig.9 # which shows

our measurement of dy(x)/u (x) for all x for <v> = 35 GeV.

This procedure automatically corrects for effects of a

Callan-Gross violation and is independent of scaling violations,

since it can be applied for fixed <\». It should be noted

that this analysis has been restricted to a limited y-range

0.2 < y < 0.8, where the experimental acceptance is large and

uniform.
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2.5 Valence structure functions xu (x) and xd (x)

In a last step we can determine the x-dependenoe of •

sea and valence quarks; there are two different possibi-

lities: the first method is based on the y-dependence of

the differential cross-sections and has been used by pre-

vious experiments, the second method is based on a direct

comparison of hydrogen and iron differential cross-sections.

Since the relative contribution of quarks and anti-

quarks to the differential cross-sections is y-dependent

(fig.10)»an analysis of the ahape of the \>-p and v-p

Fig.10
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y-distributions leads to a separation of the quark and

antiquark momentum distributions x(d(x) + s(x)),

x(u(x) + c(x)), and x(<T(x) + s~(x)). This method, however,

is very sensitive to assumptions about q L(x), and, as the

mean four momentum squared <Q2> at low y is different from

<Q2> at large y, large corrections for scaling violating

effects have to be applied. Fig.11 shows the quark and

antiquark momentum distributions extracted from the shape

of the v-p and v-p y-distributions for <v> = 20 GeV. For

this determination we used the QCD-prediction for q.(x)

and corrected for scaling violations as measured in iron.

r
i 0
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5

U

.3

1

.1

-

/ i

i

- j
i
t

h
T\

\
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4. \'
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(V)=20QeV

A XU(X)*XC(X)

• xd(x)i-xslx)

\
\
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\

1 .2 3 A

Fig.l!

.5 .6 .7

The antiquark momentum distribution x(cT(x) + s~(x)) is com-

pared to a parametrisation for q(x)/2 = 0.5x(ïï(x)+oT(x)+2s(x))

as measured in iron for the same value of<v>. The agreement



- 146 -

of data and parametrisat ion shows again that the :;<!.•! if:

symmetric. x(u(x) + c(x)) and x(d(x) + s(x)) ar« oompnrofl

to a modified parametrisat ion determined in iron , but

assuming d v (x ) /u v (x ) = 1 - x .

A combined analys is of the v and v-hydrogen differon-

t i a l c ross-sec t ions and the v/v-iron cross-sect ion r a t i o

allows a separat ion of the valence and sea cont r ibu t ions .

These «re re la ted to the three var iables xd (x),xu (x) ,

and sea(x.y) by

1/2oo d2ov p/dxdy = xdv(x) + sea(x,y)

1/2oo dzov p /dxdy = xuy(x)(1-y) + sea(x .y)

[ d ^ / d x d y j / f c l ^ / d x d y ] = fxuv(x) + xdy(x) + 2 s e a ( x . y ) ] /

[(xuv(x)+xdv(x))(1-y) + 2sea(x,y)J .

This system of equations can be solved for xd (x) and xu (x)

for each value of x at fixed y. Since this method does not

use the shape of the y-distributions, it is independent of

scaling violations and insensitive to assumptions about

q,(x). Fig. 12 shows the result for xd (x) and xu (x), deter-

mined for 3 bins in <v>. The results are compared to the

modified iron parametrisation (including scaling violations),

which give a satisfactory description of the data. The

valence distributions xd (x) and xu (x) are consistent with

expected scaling violations. The average values <x> decrease

with increasing <v>,\as expected. The integrals of the

valence distributions, are summarized in tab.2.

+ ) At <Q*> = 5 GeVVc 2, the valence parametrisations shown
are :

q v(x) - | x°. 3 5 /' 3 <1-x>*-°" (1 + 11.734
q

xu (x) = | x 0 ' 3 5 4 3 (1-x) 3' 3 3 3 (1 + 11.734
B
u

xdv(x) = i x ° -
3 5 / t 3 (1-x)*' 3 3 3 (1 • 11.734 x 1' 5 7 6)

d

wher'j B , B . B, are normalisation factors which give the
expectea number of valence quarks. These distributions are
then propagated to different Q2-value.i using the measured

l i l f ( z )
p p g Q

scaling violations for q (x,Qz).
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xu„lx) <x>=285

6

5

4

3
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1

• xd,(x)
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r
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<x>= i

(V)=

\

\

N
1

S4

10 GeV

\

<x>=.22S

<v)=226«V

i <•!

/ \

•

•

•

<x>=,207

<v)«506eV

. 6 x 0 2 A . 6 x 0 .2 .6 x f

L

Uv = ƒ xuy(x)dx

Dv = ƒ xdy(x)dx

. <v> = 16 GeV

0.233±0.019±0.020

O.093±0.007+0.007

<v> = 50 GeV

0.076±0.008±0.008

3» Conclusions

Tab. 2

The analysis of v-scattering at large x and y has pro-
vided for the first time a stringent limit on R = OT/O T at
large x and a tight bound on the presence of right-handed
currents. The H2-experiment has high statistics for both
v- and v-scattering. A combined analysis of this data and
measurements in iron allows for the first time a measure-
ment of u (x)/d (x) in the whole x-range and a reliable
measurement of U/'S.
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ABSTRACT
Charged current total cross sections and structure functions were ex-

tracted from neutrino and antineutrino data taken with the Fermi lab narrow
band beam. The cross section results are ov/E = 0.701 ± 0.004 ± 0.025
x 10" 3 8 cm2/GeV and ô '/E = 0.350 ± 0.04 i 0.022 * 10" 3 8 cm?/GeV. The
structure functions exhibit scaling violations. A comparison with structure
functions obtained in muon scattering experiments indicates a ratio con-
sistent with 18/5 within the systematic errors of both experiments. The
structure function function xF3 is used to test the Gros-s-Llewellyn Smith
sum rule. The data is in agreement with the prediction of 3 for the
number of valence quarks on the nucleon.

1. Introduction
This report reviews measurements of total charged current cross sec-

tions and presents preliminary results on the structure functions F2 and
xF3. The data were obtained using the Fermi lab narrow band beam and the
Laboratory E neutrino detector.1»7»3 The structure function xF3 is used
to test the Gross-Llewellyn Smith sum rule1* which states that within the
quark parton model the Integral ƒ F3(x)dx should equal the number of
valence quarks in the nucleon. The structure function F2 when compared
to the F2 structure function extracted in muon scattering experiments
tests the mean square charge of the nucleon constituents. The Q 2 de-
pendence of the structure functions test for scaling violations which
are predicted by QCD.
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The structure functions are extracted from the neutrino and anti-
neutrino event samples by Investigating the distributions in the vari-
ables x, y and Q 2 where:

Q 2 = « E ^ s i n 2 ^ , x = Q2/2MEH. y = EH/E = EH/(E(i + E|()

Here e and E are the outgoing muon angle and energy, E 1s the Incident
neutrino energy, E„ Is the energy of the final state hadrons and M 1s
the nucleon mass.

Within the quark parton model we define the structure function
2xFj • x(q+q), and xF3 • x(q-q) where q(x) and q(x) are the quark and
antiquark distributions In the nucleon. The structure function F2 Is
related to 2xFt by the relation

2 x F1 1 + " Q z

For the data reported here, R Is assumed to be equal to 0.1. Extraction
of R from the data will be done at a later stage In the analysis. The
neutrino and antineutrino differential cross sections for Iron are then
related to the structure functions F2 and xF3 as follows:

h •

where C v and C v are small corrections due to the non-1soscalar nature of
the target and the strange sea. Cv = (l-2Z/A)x(uy-dy)+(1-(l-y)

2)xs and
Cv= -(1-2 Z/A)x(uv-dv)(l-y

2)+(1-(l-y)2)xs where uy and dy are the valence
up and down quark distributions, s Is the strange quark distribution and
Z and A are the atomic number and weight of the iron nucleus. The data
were also radiatively corrected using the method of DeRujula et al.5 The
corrections C v and C v are small ($5X) and were calculated assuming a
half SU(3) symmetry sea, I.e. s + s « >j(G+a).

The structure functions F2 and xF3 are extracted from the sum and
difference of the neutrino and antineutrino cross sections.
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2. Apparatus
The CCFRR detector1'2»3 at Laboratory E consists of a non-magnetic

640 ton target calorimeter composed of SirpOn^Scm steel plates sandwiched
with liquid scintillation counters (every 10cm of steel) and spark cham-
bers with magnetostrictive readout (every 20cm of steel). The position
accuracy of the spark chambers is 0.5mm which results in a muon angular
resolution of 68mr/p (GeV). The excellent angular resolutions allows a
good tistermination of x, especially near x=0. The hadron energy is ob-
tained by summing (without weighting) the pulse height in the scintilla-
tion counters downstream of the Interaction point. The hadron energy
calibration and resolution were determined by using the N5 hadron beam
to laboratory E. The rms hadron energy resolution is 0.89/rCTÏGëvT.

The target calorimeter is followed by a solid steel toridal muon
spectrometer consisting of 24 magnetized Iron disks, each 20cm thick and
1.8m in radius (with a 12cm hole). The spectrometer is instrumented
with scintillation counters every 20cm of steel (to monitor muon energy
loss, and for triggering) and with spark chambers every 80cm of steel.
The muon energy resolution was measured to ba ±11% using beams of momentum
tagged muons.

There were two independent triggers which utilized (a) the presence
of a penetrating muon into the magnet downstream of the target(E >10 GeV
and 0 <100inrad); and (b) the presence of a minimum hadron energy deposition
in the target (EM>10 GeV) and a penetrating muon (C >2.9 GeV, 0 <37O mrad),
respectively. The first trigger was used for structure function analysis,
and both triggers were used for the total cross section analysis.

Tho cross sections wore extracted from the events using both triggers
mentioned In the previous section. Data were taken with a 1 msec spill
extraction and a 1 second spill extraction. The cross sections for both
extraction*; agrottu1 on .iv<>r<i<i<< to -]%. We report here on the measurements
using 5!i,000 v and 17,000 v events for the 1 msec extraction data.

The two trigers wore completely independent in both the counters used
•ind the logical circuitry to complete the triggers. Typical events lay
in d kinomatic regime of trigger overlap: about 75% of the observed events
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were recognized by both triggers. For cross section analysis, the only
corrections for losses Involve simple geometric rotation In azimuth on an
event-by-event basis, since Individual trigger efficiencies were essentially
100*. These corrections for azimuthal loss averaged less than 6% In mag-
nitude. Over the kinematic range (0 < 100 mrad, P > 10 GeV), trigger
(a) was (99.5 ± 0.5)% efficient; over the range (9^ < 370 mrad, F.h • 10 6eV),
trigger (b) was (100.0 ± 0.1)% efficient. These overlapping domains cover
essentially all kinematic possibilities in this neutrino energy r*."i1on In
an unbiased fashion,6 for 9 < 370 mrad. Corrections for larger angles
were made by calculation; they were generally small (<6%), decreasing at
higher energies.

Deadtime occurs due to the Inability of the apparatus to respond
while recording data. The data presented here were taken during fast
resonant extraction (M «is each machine cycle). The experiment could
record only one event per machine cycle. The fraction of the beam to
which the experiment was sensitive averaged 70% during neutrino running
and 90% during anti neutrino running. This live beam fraction was measured
In two ways: by recording the flux transmitted during the triggerabie and
non-tr1ggerat>1e times, and by counting the triggers during the two times.
The measurements of the fraction of sensitive beam as obtained from the
two methods typically agreed to 1%. Data were also taker during 1 sec
extraction of the beam during neutrino running. The experiment was sensi-
tive for 85% of the flux for this data. The cross section obtained with
this data agreed to ^1% with that from the fast extraction data.

The experiment was performed using the NO dichromatic beam. The
secondary beam of ir, K, p was sign and momentum selected (Ap/p = ± 9.4%)
before 1t traversed the 350 m decay region. The relative populations of
the particle types was measured utilizing a focusing Cerenkov counter to
obtain particle fractions with typical rms errors of (1-4)% for pions and
(4-7)% for kaons. The magnitude of hadron flux was monitored during data
taking by ion chambers at two separated locations along the decay region.

The Ion chambers' linearity and stability were demonstrated over a
much wider range of Intensities than actually used for the cross section
data taking. Their stability was monitored throughout data accumulation.
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The Ion chambers were calibrated using three independent techniques: Cu

foil Irradiation and subsequent counting of Na21) (the cress section for

the transition having been measured In two experiments using beam current

transformers), an rf cavity of known resonant frequency and quality factor

placed in situ to count beam particles by exploiting the 18.6 ns time

structure of the Fermi lab beam, and a calibration performed In a tow in-

tensity secondary beam line in which the number of particles traversing

the ion chamber was counted directly. The methods and results of these

calibrations has been reported elsewhere.1'2'3 The agreement among all

techniques was well within the known limitations, which were <S%. He

estimate the calibration of Ion chamber response versus hadron flux is

accurate to 2.5%.

In accumulating neutrino data, the magnetic elements were energized

under ten separate operating conditions to transmit and focus 120, 140,

165, 200, and <?50 GeV secondary hadrons with both signs of electric charge.

This permitted collection of both neutrino and antineutrino Interaction

events over the energy range 30 to 250 GeV. In the dichromatic beam,

neutrinos from K •* uv decay populate energies near the hadron beam

energy and neutrinos from ir -» uv decay cover a range below 0.43 of the

beam setting.

Figure 1 shows o/E for both neutrinos and antineutrinos. The inner

error bars are statistical and the outer error bars are systematic. Also

shown are cross sections from an earlier neutrino run3 at a secondary beam

setting of 300 GeV. That data extends the range of the cross section

measurements to higher energy.

4. F- and xF, Structure Functions

The structure functions F2 and xF3 were extracted from data where

the muon traversed the magnet. Data for both 1 msec and 1 sec extraction

were used. The event sample consisted of 116,000 v and 17,000 \> events.

After cuts the final event sample consisted of 60,000 v and 7,000 v events.

The most important cut was the requirement that the hadron energy be

greater than 10 GeV. Although this requirement eliminated a large number

of events, it was Imposed because the resolutions for E., < 10 GeV were
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poor. The fiducial cut on the neutrino events from pion decays consisted

of a 60" diameter circle. The fiducial cut on the neutrinos from kaon

decays consisted of a 100" square.

The extracted structure functions F2 and xF3 are shown in figures 2

and 3, respectively.

y 5. xF3 and the Gross-Llewellyn Smith Sum Rule

The Gross-Llewellyn Smith sum rule1* Is related to the number of

valence quarks In the nucleon

F,(x)dx = 3 1 - 4 )
o 3

where we included the first order correction from perturbative QCD. Ex-

| perimentally, this integral Is difficult to evaluate because it Is sensi-

:• tive to the behavior of xF3 at small x since the extracted structure

\ function must be divided by x. About 50% of the Integral Is from the

region x < 0.06. Previous extractions7 of ƒ F3(x)dx relied heavily on

a theoretical form for xF3 in the region x < 0.1. This experiment, be-

cause of the excellent X resolution, can measure xp3 at very small x and

therefore is less sensitive to model assumption. Figure 4 shows X F 3

versus x for 0 < x < 1. For region II (x > 0.06) the Integral is

•;, evaluated directly from the data pc nts. Figure 5 shows the values of

) xF3 for x < 0.06. The x resolution is shown on the figure. We have fit

the data with the function xF3 « x
a. We find that for x < o.O6,

a » 0.53 ± 0.16. The value a = 0.5,expected from Regge theory,has been

assumed by previous experiments. This experiment Indicates that such

assumption is correct. The contribution of region I (x < 0.06) to the

integral has been evaluated from the fit. The error due to the uncertainty

in a has been included in the statistical error. The data yield the

following values for three different fixed Q2 regions:

Q2 a ƒ F3dx

2(GeV/c)2 0.49 ± 0.20 2.89 ± 0.40 ± 0.15

3(GeV/c)2 0.53 ± 0.16 2.95 ± 0.33 ± 0.15

5(GeV/c)2 0.49 ± 0.13 3.22 ± 0.46 ± 0.16
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where t»e first error is statistical (mainly from the uncertainty In it)
and the second error assumes a b% normalization uncertainty. Within QCD
models the Integral Is expected to be smaller than 3. Therefore, the
data indicates small values of A. A similar conclusion can be drawn from
the previous7 determinations of / F3dx which obtain values close to 3.

6. F2 and Comparison to Muon Scattering Experiments

A comparison of muon and neutrino data provides a direct test of
fractional quark charges.

1 1 - 4
• K (d+fl) + jj (S+s) + g

Fp a [q + q]x where q = u + d + sH

and q = ü + 3 + s i

Therefore i f c and c are neglected we obtain

Fv 18 F2

q + q

The strange sea correction is only Important at small x. We have
assumed a h SU(3) symmetric sea which yields a 5% correction at x= 0.1.
The ratio of the CCFRR data to the EMC data and the ratio of the CDHS
data to the EMC data are shown in figure 6. (The strange sea correction
has been applied to the EMC data.) The quark model prediction assuming
fractional charges 1s satisfied to ̂10%. The major difference between
CDHS, CCFRR and EMC appears to be normalization d1fferencesRof order
±10%. Note that when the EriC hydrogen and deuterium data are compared
to SLAC and CHIO data the EMC data are 102 lower than SLAC and 8% lower
than CHIO.

Despite the *]0% normalization differences between experiments, all
experiments yield similar results for the scaling violation at fixed x
versus Q?. These are shown in figure 7.
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( Figure Captions

1. Neutrino and antineutrino total cross sections divided by the incident

neutrino energy.

2. The structure function F2 extracted from the CCFRR data (preliminary).

3. The structure function xF3 extracted from the CCFRR data (preliminary).

4. The structure function xF3 versus x for 0 < x < 1 and Q
2 = 3 (GeV/c)2.

5. The structure function XF 3 for x < 0.06 and Q
2 » 3 (GeV/c)2. The

fit is xF3 - Ax".

6. The ratio of CCFRR and COHS F2 structure function to H FJ! from EMC.

The EMC data has been corrected using a H SU(3) symmetric sea. Most

of the difference Is due to difference In normalization.

,. 7. Scaling violation extracted from various experiments.
;• r
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Q C D THEORY OF POWER CORRtCTIONS TO

DEEP INELASTIC SCATTERING

E.V.Shuryak and A.I.VainBhtein

Institute of Nuclear Physics,
630090, Novosibirsk 90, USStt

Tills talk i s devoted to the theoretical study of power
(in VQ2> corrections to deep inelastic scattering. These cor-
rections show up as the deviations from Bjorken scaling in the
region of relatively low Q2 ^ 1 -t- 10 GeV2. The talk i s based
mainly on our works /• ->. Some of our result coincide with those
obtained Independently by R.L.Jaffe and M.Soldate' ' .

1. Previously the theory has been concentrated mainly on
the calculations of logarithmic effects' •*. In order to ascri-

2 ' 2
be the observed scalinG violation for Q = 1 •- 10 GeV to these
effects one needs a large value of fundamental 00D parameter
j ^ . = 0*5 • 0.7 GeV. This value was in contrast \vith other deter-
mination of yl from "2/a'\ii.d.W- • and e+e~ - annihilation/•'-'t
and now we know i t for sure that yV .= 100 • 150 MeV due to new
generation of muon data at'large Q • J. Go, the dominance of
power effects at moderate values of Q2 becomes'evident.

2. The methodical tool used, i s the operator expansion
(OPE) for the product of two currents

whnro summation i s made over all types of local operator Oj.,
Lorentz indices are suppressed here but i t i s well known that
the contribution of operators with a given Lorentz spin into
nucleon matrix element of eq. (1) i s connected with correspon-
ding Hachtman moments of measured structure functions. Also i t
i s known the physical meaning of OPE. All effects of the inter-
action on ohort distances X <̂  1 / ^ » where A(, I s some arbitra-
ry normalisation point, are accounted by coefficients Ci and
the dintonces X > \fjC enter into matrix elements of operators
Oj.. In fiuoli general definition the OPE i s always valid. But re-
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al advantages of the OPE in 00D are due to possibility to cal-

culate tho operator coefficients perturbatively since

°*s (/<-) ̂ ^ 1» Generally speaking, nonperturbative effects enter

both matrix elements of Oi and coefficients Ci> However in the

coefficients such effects show up as a very high power V<J» So

hopefully for not too small Q^ it ±g possible to disregard non-

perturbative effects for Ci(q) and connect power corrections

under the study with matrix elements of higher twist operators.

There interesting attempts L I to develop a parton-like

technique for power corrections. We only note that some arising

distribution functions do not have the meaning of probability

but the interference of the scattering of the current on the

different number of partons.

3. What we calculated really is the coefficients for next-

-to-leading twist operators with spin 1 and 2. As an example lot

us consider the corrections to Grosa-Llerelin-Smith sum rule

i

Here first term in r.h.e. is just the sum rule mentioned (matrix

element of baryon current), the second one is the perturbative

correction (?/ots) (\f—H-% A/jf) ond the last term is

the power correction. The magnitude of this term is fixed by

averaging over nuoleon state of the operator 0^.

,„
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The experimental data for this moment is too poor to extract the
value of the matrix element <:< Opv •

We also have found the expressions for '/Q* corrections
(twist 6) to spin 1.

4. /s an example for the spin 2 write down the second mo-
ment of structure function F-»' (x,Q^) describing electropro-
duction on a singlet target^»2/

The normalization point £4 = Q is implied above, but we have
checked that logarithmic dependence on Q matrix elements of
AffifC is really weak.

Numerically four-fermion operators A,C enter with the coef~
ficients four times larger than the quark-gluon operator B and
we disregard the latter in the following (some other arguments
also show that B is not the dominant operator)*

The scaling violation for second moments is not large expe-
rimentally so to extract from the data the magnitude of 1/Q^
term with some accuracy we have used the extrapolation from the
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data the magnitude of /Q term with sane accuracy we have used
the extrapolation from the higher moments* The fitted result has
the form

It seems very interesting that theoretical estimates of */Q2

effeot based on a picture of nuoleon as a state of three valenoe
quarks lead to the drastioal disagreement with the data* It
turns out^»2-/ that a bag-like averaging.of four-fermion opera-
tors over nuoleon gives the number ~ -0*01 instead of 0*15
(see eq. (5))* The negative sign follows immediately from the
antisymmetry of color wave function of three valence quarks, it Ü
common for such kind of models»

5* The positive contribution nay arise due to the presence
of two quarks of the same oolor inside a nucleon. One can repro-
duce the experimental number 0*15 if quark-antiquark pairs are
correlated in the space with valenoe quark at the distances of
the order R ~ 1/(0*5 • 1) GeT, approximately 1/3 of the nuoleon
sise. Another possibility which seems to us less probable is nu-
merous but unoorrelatéd quark-antiquark pairs inside the nuoleon*

To our mind this result seems to be relevant to the struc-
ture of constituent quark and to the basis of the additive quark
model *•*•' , i.e. for hadronic physios in general* Note the co-
incidence of R mentioned above and the known estimates of the
slee of constituent quark*

That is why we are calling for more accurate experimental
study of the parameters of scaling violation in the region
Q 2 • 1 • 10 GeV2. It is a proper time to come from the question
"Whether QCD is right 7 " to "How the nucleon is made in QCitf"
and the study of deep inelastic scattering gives a very subtle
information on this point.

It is worth mentioning that in general power correction»
are different for neutrino and eleotron scattering. But the pio-
ture of a nuoleon described above implies the validity of the
well known relation between tire moments
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not only for the leading twist 2 but for the next twist 4 as

well. It io interesting to check these relations.

References

). E.V.Öhuryak anü A.I.Vainshtein, Phys. Lett . 105B (1981) b5;
Nucl. Phys. B199 (1982) 451, ib id B201 (1982) 141.

2. H.L.Jaffe and M.Soldate, Phys. Lett . 105B (1981) 467, MI'J?
Preprint 954 (1981).

3 . Por recent review see: A.Buras, Rev. Mod. Phys. 52(1980) 199«

4 . T-Appelquist and H.D.Politzer, Phys. Rev. Let t . 34 (1975)
43; Phys. Rev. D12 (1975) 1404.

5. S.I.Eidelman et a l . Phys. Lett . 82B (1979) 278.

b. J.Aubert et a l . Phys. Lett . 105B (1981) 315, 322.
D.Boll ini et a l . Phys. Lett . 104B (1981) 403.

7. H.D.Politzer, tfucl. Phys. B172 (1980) 349
R.K.Ell is , W.Furmanski and R.Petronzie). CERN preprint
TH-3254, 1982.see also R.L. Jaffe, MIT preprint CTP-990.

8. E.M.Levin and L.L.Prankfurt, Pisma v Zh.E.T.P. 2(1965)106;
H.J.Lipkin and F.Sheck, Phys. Rev. Lett . 16 (1965) 71;
V.Y.Anisovich, Yu.M.Shabeleky and V.M.Shehter. Nucl. Phys.
B133 (1978); H.N.Nikolaev, Phys. Lett . 70B (1977) 95.



INELASTIC



- 165 -

HADRON FINAL STATE RESULTS FROM BEBC

A H Cooper
Rutherford Appleton Laboratory

This talk reporta n«w 1982 r«aulta from three of the BEBC experiments on the

reactlona

VN • vW wide band bean Into Ne-H2 mix (WA59)

v,vp • u%*X wide band beam Into H2 (WA21)

vp + |i » X wide band Into H2 track aenaltlve target surrounded

by Ne-H2 mix (WA2A).

81 la well reviewed

kinematic variable» are defined with respect to Figure 1 as

The situation In 1981 la well reviewed by Schaltc at B a r i ^ . The uaual

Fig. I

2 + + 2
Q - -(pv - p ) • 4 momentum transfer squared

+ •»• +

v - •£••1 - E v - E - lab energy of exchanged vector boson, M

where M - stationary target mass
2 2 • •

Q Q p*q v
x - -"J-TT - -*-; y - •—;- - — , B jorken x and y

2p.q 2mv p.p^ Ey

2 2 , 2 2
W - Q (̂  - 1) + M , affective mass of all final state hadrons.

p « transverse momentum of particle with respect to q vector.

x_ - pth , Feynman x, where p, * la the longitudinal momentum of the
r WT

Individual particle In the final state hadron cm. system with reapect to
the lab q vector»
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h rapidity, where m Is the Individual particle mass.

A fragmentation function Is defined as D (x,z,Qz) -
dN"
di

-, where

N (x,Qz) is the number of events In the x,Q2 region of Interest and dN Is

the number of hadrons of type h having z values, r *z + dz.

It Is useful to use a simple quark parton picture (Fig 2) to discuss the

( >•'>

data

w3a , lT..
l'-«fl-«> J'uMud; F i g. 2

Most simply, the observed final state hadrons are the fragmentation produci

either of the quark struck by the W boson, called current fragments, or of

the spectator dlquark (or multiquark systems If sea quarks are allowed as

actors or spectators), called target fragments. The fragmentation of the

quarks is assumed Independent of their previous history, so that D (x,z,Q2

- Dh(z).

The separation of the target and current fragments experimentally is non

trivial. Usually we assume that hadrons for which JL > 0 (< 0) i.e. forwai

(backward) in the hadron c.m. are current (target) fragments. This

separation does not make sense when the rapidity distribution is narrow, at,

it is for low W events. W 't 4 GeV Is necessary before any forward/backward

separation is visible in the data.

This year, however, e more serious experimental problem has occupied our

attention. In a bubble chamber it is not often possible to identify proton

of p > 1 GeV/'c In the lab. Mlsldentifylng them as plons can shift their

rapidity right into the forward direction - if the rapidity distribution Is

narrow - and distort the forward n z spectra, right up to high values of z

It seems necessary to restrict W > 4 GeV to obtain a sufficiently large

rapidity space to confine such mtsidentlfled protons to low z values.

Particle Identification in (u,e) N experiments points to the conclusion

that mlsldentifled protons can fake Interesting physics effects like: (1)

scale and factorization breaking: (11) distortion of forward and backward

charge (quark charge) analysis: (ill) seeming disagreement of v and v

fragmentation functions.

Historically vp and vNe experiments from BEBC have shown scale

breaking (D(z) + D(z,Q2)) and factorization breaking (D(z,Q2) • D(x,z,Q2)),
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only If events at all W values are Included. For W > 4 GeV there was no

effect ' . One can argue for the inclusion of the low W region
(4 5)

theoretically ' ' (making no separation of forward and backward regions,

but weighting higher z values preferentially) and interpret these

observations ae the dependence of tiie fragmentation of a quark on Its

production characteristics due, to gluon radiation^ (Fig. 3).

>-,- ^- > - > e-

However, If no correction Is made for the effects of proton

misldentlfication at low W, the results are likely to be systematically

distorted. This becomes evident when we consider v data , where this
NS t

problem becomes catastroplc. The non singlet difference, D (m,Q ) "

Dh (m,Q2) - Dh+(m,Q2), (where D(m,Q2) - fzm~l D(z,Q2) dz) becomes negative

within errors for 1 < Q2 < 5 GeV/c2, and then rises with Q2, contrary to QCD

expectations (see fig 4a).

Considering D , D separately (Fig 4c,d) for all W, and for W > 4 GeV, we

see that this Is due to the striking excess of D at low Q2, when low W

events are included. This excess can be fitted (dashed lines on fig 4d) by

an LPS Monte Carlo with backward baryon production and mlsldentiflcatlon or

protons for which p > 1 GeV/c. The mlsidentlflcatlon Introduces spurious

scale breaking since such protons are assigned to Incorrect rapidity. Note

how a similar effect in v reactions would enhance any genuine QCD-like trend

in the difference D h + - Dh".

After making the cut W > 4 GeV new high statistics v data from WA59 do

exhibit behaviour qualitatively consistent with leading twist QCD

expecatlons for <n > 2 (see full line on fig 4b), showing evidence for modest

scale and factorisation breaking in agreement with higher W muon data .

If we wish to look at fragmentation functions over all x_, i.e. for low as

well as high .' values, then even after making a W cut, we must correct for

the effects"of particle mlsidentlflcatlon carefully. Preliminary work from
(9)

the WA21 collaboration has used the Uind Monce Carlo to make these

corrections and to correct for smearing in the observed values of z, due to

the need to estimate, rather than measure, total hadron energy in any event

with undetected neutral hadrons. Referring to Fig 2 for the flavour

preferences of the currents In v and v interactions, we see that one can

measure



I). from il In v N interact Ions tor x * 0,
d r

ü f rota n In v N i n t e r a c t i o n s for x > 0,

I T " *• -

D . from n In ï p Interactions for x * 0,

all restricted x > 0.1 to minimize sea quark contributions. The

expectations I), « I) , D. » D , I) , " D ., are all well verified (s«n Kl«d JJ • d u ..d .id'
5). Previous data without correction for proton mtsldent11lent Ion h,i«

always found D ,„ > D - .
VN VN

The I n v e s t i g a t i o n of higher tw^sf. term» Is a l s o very s e n s i t i v e to proton

mlflltfentl r lCi i t lon. K I. Bi-rgr-r^ has ca l cu la ted <in addit ional Irrm In I.I

fleml-lncluslvc d i f f e r e n t i a l croHss s e c t i o n s for the p r o c e s s e s , UN • ii'n"x.

dxdydzdp zp '

and VN + |j~&+x

; 4 (1-y) z

applicable for large z values, p 2 << (}2. The second term In these

expressions is the higher twist (UT) contribution to the production ol tho

leading plon, and the first terra Is the usual quark parton model (<JI'M)

scaling contribution (no leading twist is considered here). xd(x), xu(x)

give the momentum distributions of the struck va'ence quarks.

An HT term of this form would give rise to y/z correlations at low (̂

(provided Qz > 1 GeV/c2 to make sense of the higher twist calculation) slnci'

it has a harder z dependence and a softer (harder) y dependence than tho

scaling term for v(v) Interactions. In 1980 strong correlations of this

sort were observed In the y and z distributions of the Interaction vN •

M~"+x at C-irgaroelle . Al! of scale breaking wan attributed to the HT

terra.

However, Mazzantl has noted that for \) production a similar y/z

correlation Is expected from l.PS restrictions, since low y means low W ami

low W means low multiplicities and thus larger z per particle.
(2)

Mlsldentificatton of protons can also produce the correlations since f««t

protons can appear as n+ at high z for low W, and thus for low y, events.

In support of these criticisms we note that no effect Is seen in \>U by
(4)

WA47 using a narrow band beam which yields few events at low W.

To clarify the situation vN + y+7t""x Interactions were studied, since the

leading plon is a n~ unaffected by proton rotsldentIfIcatlon and Mazzanll's

effect will act appositely to the HT term. In 1981 no effect was soon In
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the z distributions of t" in vD2 or vNe in BEBC, and a saall effect was seen

in VNe in the 15' at FNAL. However, these experiments are not statistically

incompatible. The null/eaall effect aay be interpreted «a cancellation of

the HI tern and Mazzantl's effect, but more significantly, we should note

that Berger's prediction Involves production of quarks, and in v

interactions the antlquark contribution is very important, becoming dominant

at high y, sine* the antiquark cross section

«Pt-
 9 Q2 t

has a flat y distribution for the scaling tern. Thus the antlquark

contribution has opposite y/s correlations to the scaling term. We must

therefore make an x cut to minimise this contribution before we can

Interpret data on y and e distributions simply. A further caution Is that s

distributions are very sensitive to smearing for high t values, where the HT

term is important.

In 1982 en extensive analysis has been done on vN interactions by the HA59

collboration, accounting for the above mentioned pitfalls. Comparison of

the y distributions for events with ir~,ir+ produced at high t is less

sensitive to smearing than consideration of the z distribution». Fig 7a

shows the ratio of the y distributions J.n vU + p+w+x for w" and w+ of

z > 0.5, for events of all x, all W valves and 1 < Qz < 8 GeV/c2. This

figure shows a striking rise, but this cannot be attributed to the HT term,

since although the quark contribution would give a rise (dotted line) the

presence of the antiquark contribution turns this into s slight fall (dashed

line). A fall is also expected from Mazzanti's effect, so the only

remaining plausible explanation for the observed rise Is the presence of

misidentlfled protons in the » + background sample at low y but not at high y.

The full line in Fig. 7(a) shows LPS Monte Carlo with mlsidentlflcatlon

Included. Fig 7b gives the same ratio of y distributions under the cuts, x

> 0.15, to reduce the antlquark contribution, and W > 4 GeV, to remove

mlsidentiflcatlon effects and to escape the region of trivial LPS

correlations. A moderate rise is seen, compatible with a small HT term, but

not incompatible with the LPS Monte Carlo (full line).

In fact, y is not the optimal variable to consider, since In vN interactions

off quarks, although the HT effect Increases with y (relative to the scaling

term), higher y means higher Q2 and the HT effect decreases as Q2 Increases.
(14)

A more quantitative Investigationv ' generalises the formllsm to include

the antiquark contribution and defines a more optimal variable. We write

« _ *
dxdydzdpt

2 ep^

which yields fragmentation functions for e > s

q(x))(l-z)2 + | ̂ ^ (q(x) + q"(x))p 2]
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where <K 2> Is a weighted average over p 2, giving the magnitude of the
t l /11 \

higher twist effect, Including complications due to tnasn effect» , and

the HT effect on x, y and Q , and is the most optimal variable to consider.

It Is calculated by parametrizing the x distribution of the data hy

appropriate combinations of xq(x), xq(x). If the HT tern accounts for nil

scale breaking then a plot of I) (z>a) versus ft yields a straight line tltc

slope/Intercept of which gives <K 2>. The value of <K 2> should depend

neither on the z cut, for high z, nor on cuts on the event variables

x,y,Q2,W etc.

Fig. 8 shows D* *" *(z>a) for Q2 > 1 GeV/c2, W > *> GeV, a - 0.5, 0.6, 0.7.

The linear dependence Is well verified with <K z> » 0.25 GeV/c' for n~ and

<K 2> « 0 for w + (no HT contribution). There is no dependence on the ?. rut

for z > 0.5, or on the W cut for W > 4 GeV. There Is also no dependence on

the x cut even though the formalism has very different y dependences for the

quark and antlquark contributions, and should be very sensitive to the x

region under Investigation. The exact y,Q2 dependence has buen lnvestlgatd

, 4 f 1—vi i
by maximum likelihood generalising the HT term to g- v J' <K z>,

obtaining d - 1.2 ± 0.4, b - 0.8 t 0.2, <K 2> = 0.25 ± 0.10 CeV/cz. Full

accounting for smearing yields 0.15 < K 2< 0.45 GeV/c2.

Thus the observed scale and factorization breaking tak.?s the y,Q2 behavlout

predicted by Berger. However, investigation of the p 2 dependence of the

data does not support the HT prediction. Fig. 9 shows that <p.i> dei're.isi*:.:

as R increases, for high 7. tracks (z>0.7), whereas the HT term would give

the opposite behaviour. Thus the data may still admit of loading twist

interpretation (y,z correlations Imply x,z correlations, for limited <^

range»)•

The WA24 collaboration have been Investigating the possibility of

identifying protons in vp interactions from K-p, balance . In a perfect

event K~Pf for the final state (hadrons and muon) Is equal to the l;iri;i;L

mass. This Is far from true when the final state baryon is not Identified

eve-,1 when all final state hadrons, including neutrals, are found and well

measured. The use of a hydrogen track sensitive target (TST), surrounded by

Neon, provides a control sample of well measured events without the

complications of ferml motion anci nuclear products f For an event to be

classed as well measured, tne conditions
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In

p + p « 200 MeV/c and 0.8'> ' ••' 1.0'j,

where pt ' is the total hadron p In lh«* Ippton pl.-in»», HUIK! be mot. Then

the final state proton ts Identified asi the positive hadrou which gives |E -

p - M | < 200 MeV, when assigned the proton nrnsq. The «vent Is supposed

to have a final state neutron if this condition cannot b<? «at l<sf led.

Complete events have an energy correction applied accordl.nj; to their p

imbalance before t!ie method can be. used. Amhlf.ul t l«*s and backgrounds are

investigated by applying the method to negative hadrons, and by applying it

to events where the final state baryon was alreiHy Identified. The uulli'iil

Is most reliable for p < 2."5 GeV/c protons — a substantial Improvement, on p

< 1 CeV/c.

Preliminary results which seem insensitive to backgrounds ;<nd ambiguity of

choice are:

I) on average more positively charged hadrons are produced in the backward

than In the forward direction, and from this it follows that backward

and forward charge are roughly equal (at least at low U values). This

contradicts previous years' conclusions , and the difference lies In

the proton Identification. The conditions for previous hydrogen target

results have been simulated by dropping all the seen neutrals and not

identifying protons of p > I GeV/c. ï'lg. 10 shows a comparison of

those conditions and the TST results, where one clearly sees the

reversal in forward and backward positive charge,

II) quark charge (or leakage) evaluation by extrapolation of the net

forward charge against l/W ' , Is systematically shifted. Fig. 11

shows a comparison of TST results to prevlou.*) results.

ill) ~ 75% of events have final state protons.

tv) the proton fragmentation function, shows that protons are more often

backward produced than A. Pig- 12 shows proton and A fragmentation

functions as a function of x,. Thus using A spectra to correct for

proton mlsldent I f i cat ion in v Interaction» may hi; unreliable.

Thi.' WA.̂ I collaboration tiave been dolnt; inor« detailed work on <|uark charge

iv .il>i<u ion accounting for the problem» of particle misidunt 1 f leat Ion and

i.iui'.iriiij' more, carefully. Cons I during Klg. 2, unc might try to measure quark

clMrj-e by the average charge of llni current fragments, <Q >. This will

work provided one CAI\ make a meaningful separation of the target and current

t r.i}',inttnts. liven theoretically this may be difficult, since many models
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of quark hadronleatlon Involve recursive cascading of q-q pairs and

separation of current fragments Involves cutting a q-q line, such that,

<Q > - e - Ï Y e - struck quark charge - leakage term,
Jet a q q _

Xf-O__

where e Is the u quark charge and T Is the probability to create a uu

pair. This gives <Q, > - 1 -
jet

Y - Y. - Y and e - e - e -e - 1.
u d u d u s

Y, Q. - -Y» for u,d,s quark types where

Thus <Q > measures y rather than

quark charge. Only <Q. >V - e - e., Is Independent of hadronlsatlon

assumptions.

Usually <Q > Is measured as a function of l/W and an extrapolation

1/W • 0, Is made to ensure the separation of current and target fragments,

experimentally. 1982 results using this method are1982 results

<Q >W - 0.61 ± 0.1, <Q - -0.50 ± 0.17

where a cut x > 0.1 Is made to exclude sea quarks. However this method Is

sensitive to the extrapolation procedure. An extrapolation in 1/W may be

just as valid* ' and yields systematically different results. Also

extrapolation Is sensitive to the starting point, usually taken as W >

2.5 GeV, which, as we Baw in the last section, is Insufflent to exclude bias

frota mlsldentlfied protons wrongly boosted to the forward direction.

Finally extrapolation is sensitive to smearing effects, which affect the

definition of the c m . frame and the value of W.

Ochs, Shlmada and Stodolsky have suggested an alternative method to

measure quark charge which does not require extrapolation, Is less dependent

on mlsldentificatlon and smearing biases, and Is Independent of the details

of hadronisatlon models. They derive that the ratio of the average net

charge, AQ, to the average fractional energy, Ae, emitted In an angular

Interval AX, measures the Jet charge, where e - E^ /(W/2) and X -

cos 6h*/(W/2). |£ and are scaling, energy independent quantities

dependent on the same function of X, so that JJ- - ̂ T AX no^<'8» an<*
jet
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follows Independent of hadronisatton model. X has the further advantage

that it is a "clustering invariant" quantity, (unlike x_) so that charge is

distributed in X roughly the same before and after resonance decay.

Extrapolation ia avoided by observing angular intervals close to the current

direction (Jet axis). The data verifies scaling for W > 4 GeV.

Insensltlvity of the results to smearing and mieldentiflcation biases above
(21).

this W cut, has been checked by Honte Carlo

Fig. 14 shows jg and - ^ versus X, f or W > 4 GeV, x > 0.1. •j-*- is
AQ

Independent of X for X > 0.5 GeV"1 as predicted by recursive models for

hadronisation . The jet charge is taken from the most forward angular

intervals (X > 2 GeV~!) as <Q. >V - 0.8 ± 0.11 <Q, >V - -0.33 ± 0.15.
_ jet jet

-2— is independent of X for X >0.5 GeV"1 both in forward and backward

directions and yields values close to QPM charges, with or without leakage

accounting.

To summarise our conclusions

Beware proton misidentification and smearing. When they are accounted for

we have,

i) D " D . , D ~ D , , D . » D , , and v,v fragmentation functions are

compatible.

11) backward positive charge > forward positive charge, in vp.

iii) <Q 1 e t
> V p " <0-1et

>VP -1-13 ± 0.19, QPM charges verified.

iv) Evidence fo~ small scale and factorization, breaking effects in vN

interactions, which can be parametrized by the form

•x * -Ji <K 2>, <K 2> " 0.25 GeV/c2

as predicted by higher twist calculations.
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\ir*

Fig. 7: a) ratio of n~/it+ y distributions for all. x, all W, 1 < Q2 < 8 GeV/c2

dotted line, HTprediction for quarks: dashed line, HT prediction for
quarks and antiquarks : full line, LPS Monte Carlo including proton
misidentification.

b) as for a) for x > 0.15, W > 4 GeV: ÜN WA59 data.
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Fig. 8: a) D^'^z > a) versus R for a • 0.5, 0.6, 0.7; M > 5 GeV, Q2 > 1 GeV/c2.

b) as for a) for D* (z > a) for a - 0.5, 0.6: vN WA59 data.
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Fig. 9: <pt
2> versus R for W > U GeV, Q2 > 1 CeV/c2, z > 0.7: vN WA59 data.



Fig. 10: mean charged outliplicities for, + ,-, cracks in forward and backward directions versus log W2

a) for \pp WA24 data with proton identification.

b) for vp UA24 data, without proton identification and without neucral hadrons.
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Fig. 12: Xp normalised distributions

for protons (vp WA24 data)

and lambda's (WA21 data,

Bossetti et al, Nucl. Phys.

B194, 1 (1982)).

Fig. 14: a) -^ versus X for vp and vp

WA21 data,

b) TQVP" versus X for the same data.
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SKAT-RESULTS ON HADRONIC FINAL STATES

SKAT-Collab orat i on

IHKP Berlin-Zeuthen, IHEP Serpukhov

presented by R. Nahnhauer

In many different investigations it was shown that tho properties
of the hadronlc system produced in both neutrino and antlneutrino
collisions with nucleons or nuclei for incoming energies Eo»10GeV
can be explained in the framework of tlia quark parton model (fcii-M)
/1A Whereas at large B ^ corrections of quantum chromodynamica
(QCD) to the model become important /2/, the question arises
about the validity limit of the QPM at low E^..

We report here about new data on inclusive charged hadron pro-
duction in neutrino and antineutrino interactions in tho energy
range 3 - 3 0 GeV /3»4/. Furthermore, preliminary results on otrange
particle production in this energy range will be given /5/»

The following reactions have been studied:

^ ' l (2)

O A -• /~-K"(A)X
 1 ) (3)

The experiment has been carried out with the heavy liquid bubble
chamber SKAT exposed to wide band neutrino and antineutrino beams
of the IHEP Serpukhov. The average beam energy was about 6 GeV.
The chamber was filled with freon CF^Br which properties provide
a reliable detection of neutral particles and a good muon selec-
tion.

The total volume of^the chamber is 6.5 m-, the fiducial voluino
wfia chosen to 1.7 m • The analysis is based on 100 000 » and
176 000 3 pictures corresponding to *- 5 000 v A and 1 500yA inter
actions in tha fiducial volume. After all outs for the clean se-
lection of reactions (1) and (2) we find 2 153 •"A and 528 5 A
charged current interactions with the hadronio mass squared
W* > 1 GeV*. For reactions (3) we chose E„> 2 GeV and W > 1.5 GeV
which results in 1 54-9 event3.

The final state particles considered hava been classified as
follows
- all negative traoks were signed h"", they are dominantly *~
- positive tracks beside identified protons were signed h + and
got the pion mass; the ratio of positive pions to unidentified
protons was estimated to be about 2;

- K"'s and TV's are identified by 3 constrained kinematleal fits.
Our data sample is concentrated at very low values of W* ̂  25 GeV
and at the four momentum transfer squared Q* -S 10 (GeV/o)* . In
this region one expects yet a strong overlap batween quark and
dlquark fragrantatIon processes at Faynman x* = 0 in che current
nucleon cms. Furthermore, our data will ba influenced by quasi-
elastic A -production at low W*.

Kn means K° o*
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For the average multiplicity of charged particles as function
of W* we observe the well known dependence <n> = a+b*ln W1. Por
negative particles of reaction» (1; and (2), the slopes are
given in table 1. They are similar to each other and to results
at higher E^ /2,6,7A
In pp-scattering a multiplicity correlation

<np> = a + b n B (4)
for forward and backward going charged particles was observed
at ISR energies» The slope b was found to be greater than zero
but seems to decrease with the energy /2/. We present in fig. 1
our results for reaction (1)• One observes a good description o
of the data by eq. (4) with b<0 and slightly increasing with lr.
For independent particle production the multiplicity is distrib-
uted Poisson-like. (Therefore, one gets for the dispersion

D = Y <n> (5)
For charged particlo production in hadronic interactions, how-
ever, tho empirical relation /8/

D = a + b<n> (6)
waa found to be true.
Our result3 are shown for 'leading1 fragments J of reaction (1)
and (2) in fig. 2a, for 'non-leading' fragments in fig. 2b, re-
spectively. As one can see the leading fragments are well de-
scribed by the linear relation (6) whereas non-leading fragments
seem to be produced more independently (tho dashed curves in fig.2)
correspond to eq. (5))
A different behaviour of both types of fragments was also found
studying the correlation parameter f^as a function of <n">.
Leading fragments behave similar to pp-annihilation data as ob-
served for £r also at higher E^ /Z/l In contrast, non-leading
fragments follow more closely pp-acattering results.

The difference of the avorage forward charges in*^ and«3 inter-
actions , 3

- <<*>_ = m « enl =1 (7)
oan bo exactly predicted by the QPM. To measure thia quantity
has also the advantage that the overlap of quark and diquark
fragmentation may not strongly influenoe the result. In fig. 3
we show D(Q_) as a function of W? One observes that already for
W1- «•• 10 GeV* the QPM prediction is reached by the data.

To study the event structure of our data we compare in fig. 4a,b"
the average transverse momentum <px> and the average longitud-
inal momentum <iptf> for charged hadrons of reaotions (1J and
(2) as a function of W*. Both quantities increase slightly with
W*. For l'r<10 GeV* <tpj> is even smaller than < p*> and up to
Wx = 25 GeV2 it does not exoeed <px> significantly. This means

•Leading' fragments we call those particles which contain
the struck quark from the primary interaction.
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that wo have in the whole V* -range considered dominantly iso-
tropic events and no clear two jet structure has developed.

The average transverse momentum as a function of x is given In
figs. 5a,b for charged hadrons for two W x intervals of our vand
^ data. A behaviour well known as sea gull effect is observed
for all distributions. The significance of the effect increases
with W \

Studying the invariant structure function F(xr) for different
intervals of W*" we found a strong dependence on this variable
at lower W % For a quantitative analysis we fitted our data with
the ansat2

) " (1 - txt )
The calculated parameters n are given in table 2 for negative
particles with x »> 0. They ore compared to AJ' -scattering re-
sults at different targets at large W.*- /2,6,9A The comparison
of low and high energy data shows that only for W* z-10 GeV1

Feynman scaling seems to be reached.
In fig. 6 we show for different intervals of Wl the distribution* in.
the Jet variable z - B^/En for leading (a.) and non-leading (b.)
fragments of reactions (2) and (1). Also given are the QPM pre-
dictions of Feynman and Field /1/ for the production of leading
and non-leading pions on an isoscalar target. The reactions
studied show a slight V/^-depondence. The data are described by
the model already at W*;t 4 GeV*. A Q -dependence of dN/dz as
predicted by QCD has not been found for our data.

Por charged current neutrino freon interactions at energies below
30 GeV, K" and A. multiplicities are given in table 3. We find a
visible strange particle production rate of RVp-, = 2.8*1 «4 %• The
W -dependence of this quantity is given in fig. 7 and compared to
other neutrino experiments /10/. Reasonable agreement between
lower and higher E,, -data is visible. Correcting for the efficien-
oy of the experiment and unseen decay modes the corrected neutral
strange particle production rate is R c o r r = 7»6+1»4 %.

Summarizing our results on inclusive hadron production in charged
current neutrino and antineutrino interaction we conclude that
the predictions of the quark parton model describe our data well
already above W* = 10 GeV1 although no clear two jet structure
has developed at this energy.
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Table 1 «n„>=a*blrWz.W2»3

V

\>

a
-0.5010.08
0.39 i 0.31

b
0.68tQ05
0.U±0.18

Table2 F(xF)~( 1 - ixFi)n,hlxF>0)

exp.
<wJ>
[GeV3

n
•an

V

SKAT

2.4
1.0
06

65
W
0A

15.6

o 2 l

3EBC
yp
»1O

23
0.1

SKAT

2.1
0.5
02

9.0
12
03

»10
2Ü
02

5'
V 0

»10
19
02

Table 3 V*- production

part.
K'
A
V

Ik
25
49

93 + 20
57*13

150 i2A

0.06iQ01
0.04*0.01
0.10+0.02

a

o

90
4 • I «

Fig2
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HADRONIC FINAL STATES TN HIGH ENERGY MUON-NUCLEON SCATTERING,

RECENT RESULTS FROM THE EMC

F. W. Brasse

D E S Y

Hamburg

(Talk given at the Neutrino '82, the International Conference

on Neutrino Phybics, June 14-19, 1982, Balatonfüred, Hungary)

Abstract

Recent results on various aspects of badronic f ina l states in deep inelast ic muon-

nucleon scattering as obtained by the European Muon Collaboration (EMC) are presented

and compared with fJCD: the scaled energy d ist r ibut ions of charoed hadrons, the average
o

Pj of neutral mesons and the azimuthal dependance of charged hadrons. The size of the

primordial transverse momentum is being discussed in connection with the inclusion of

soft gluons. Preliminary results for hadron production on nuclei are given. Finally

the new experiment (NA9) of the EMC is shortly described.
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Introduction

In the first phase of experiments carried out by the EMC the object was to study the

scaling violation of the structure functions and, related to this talk, the production

of hadrons in the fragmentation region of the electromagnetic current. For these ex-

periments a forward spectrometer /I/ was used with an open dipolmagnet, with some iden-

tification of charged particles by a Cerenkov counter and in the late part of data tak-

ing with the inclusion of a lead glass detector to measure photons. High statistic re-

sults on F„ (x, Q ) /2,3,4/ have lead to a rather low OCD-scale breaking paraneter A of

around 150 MeV. Already the early results of the EMC on charged hadronic final states
2 2 2 2/5, 6, 7/, covering a kinematic range up to W = 450 GeV and Q = 100 GeV , showed for

the transverse momentum behaviour and the production of forward jets good agreement with

predictions by QCD including nonperturbative effects. These results were conplemented

bv the measurement of the yield of fast protons and antiorotons /8/, for which models

*>-e developpea /9, 10, 11/. More recent results presented here add considerably to the

understanding of the production of hadrons in the current fragmentation region.

For the second phase of experiments of the EMC a vertex detector, covering the target

fragmentation region, and more particle identification were added to the forward spectro-

reter. Data taking commenced in fall 1981, and first results can be expected soon.

_5_yled Energy Distributions of charged Hadrons

The distribution of the sum of positive and negative hadrons over the scaled energy

t - Eh/v (v the eneray of the virtual photon), normalized to N , the number of events,

has been studied /12/ as a function of 0 » the square of the four momentum transfer by

the virtual photon, of Bjorken x = Q2/2Vv and of W , the square of the mass of the final

hadronic system. In the quark parton model (QPM) this distribution is given for hadrons

of type h by

\ 4 + > - f- <»J co h +( Z) + D
h-(z, } (1)

2 2with F. - e. • q, (x) / 5 e- q. (x), where the q. (x) are the quark distributions
J J J T • u

and i, j run over quarks and antiquarks of all flavours. D. (z) is the probability

for a quark of type i to fragment into a hadron of type h. In the QPM (1) is independant

of Q and the factorisation structure of (1) leads, neglecting strange and charm quarks,

to a complete independence of x for pions:

1 ,d_N dN . _ Q*+ #zj + ff- /zx
N~ * dl~ dz ' u v u
u



- i.88 -

Without any particle identification this is then equivalent to the distribution of

all charged hadrons (dN /dz + dN~/dz)/N , if one neglects differences for the frag-

mentation into strange mesons and baryons. In the leading logarithm approximation of
h ?

QCD the €• and D? become Q dependant, but the factorization structure remains. However

in 1. order of QCD, with the emission of gluons and their fragmentation into hadrons

also, with the gluon vertex correction and with the q, q production coupled to the nu-

cleon via a gluon,

X

the expression (dN /dz + dN~/dz)/N becomes also x dependant /13/.

The data used for this analysis were taken with a primary energy of 280 (120) GeV on

a 6 m long Hp target, however interactions in the downstream 3m (2 m) part were se-

lected only. Cuts were applied to the data to keep the systematic error on

(dN+/dz + dN~/dz)/N in all bins of z, Q and x below 10 %. The remaining number of

events are 35 K (25 K).

2
The Q dependance of the resulting mul t ip l i c i ty is shown for two interval ls of x and

for di f ferent z bins in Fin. 1 a. Especially at the higher values of z a snail but

def in i te decrease of the mul t ip l i c i ty with Q is seen. The dashed curves are the re-

sul t of a QPM calculation, based on standard quark distr ibut ion functions /14/ , and
2

fragmentation functions /15/ , and show no Q dependance. The f u l l lines however, re-

sult ing from a 1. order QCD calculation /16/ with quark and gluon distr ibutions from

/17/ , fragmentation functions from/18/ with A = 500 lieV, show a decrease with Q in

quali tat ive agreement with the data.
2

The x dependance, now for two fixed interval ls of Q , is given in Fig. 1 b, again
together with the QPM and QCD calculations. The data show an increase of the mul t ip l i -

c i t y with increasing x. This behaviour is also represented by the QCD calculation.

A more quantitative picture of the amount of scaling violat ion and factorization break-

down is obtained by looking at the derivatives of ln((dN+/dz + dN~/dz)/N ) with respect
2to In Q and In x. These quantities are shown in Fit*. 2 as a function of z for a l l avail

2
able bins of x respectively Q /19/ . The fu l l lines are the QCD calculation. Especially

from these figures i t is clear, that this QCD calculation represents the main trend of th>

data, but does not agree with them quantitatively- I t should be noted however, that no

attempt was made to vary the input: the quark and gluon distr ibut ion and fragmentation
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functions. For the scale breaking parameter A one would expect it to be the same as

for structure functions. It had been pointed out, that this QCO calculation does not

treat the parton distributions in 1. order QCD, which should be done to obtain a more

reliable result /20/.

2 2
Instead of choosing the variable Q or x, one can use also W , the square of the total
energy of the final hadrons in their center-of-mass system. At fixed values of W the

n

data do neither show a 0 - nor a x-dependance. The data therefore were combined and
Fig. 3 shows their W dependance for the different z bins. A clear decrease of the

p
multiplicity with increasing W is observed for all values of z shown (z > 0.15), which
is also present in the QCD calculation for z > 0.25. This result may indicate, that

only the amount of energy being transfered to the struck quark is important for the

amount of gluon radiation,' leading to less and less particles of high momenta with in-
2

creasing W . This effect has at least to be compensated at small values of z, apparently
2

only below z = 0.15, by an increase of the multiplicity with Increasing W . Because of
the independance of x at fixed energy W the gluon radiation and the quark and gluon frag

mentations seem to be roughly independant of the quark content of the nucleon.
Transverse Momentum of neutral Pions

Neutral pions have been measured using a leadgiass detector, which was placed symmetri-

cally around the beam in the forward spectrometer in front of the hadron absorber (see

Fig. 13). It consisted of a preshower section with 5,5 radiation length of leadqlass and

two MPWC's, having ADC readout on cathode strips, and a back array of 450 leadglass

blocks 8 x 8 x 40 cm adding another 13,5 radiation length. This detector covers an

area of 2.A m vertically times 1.2 m horizontally.

Data were taken with 200 GeV primary muons on 6 m of H?-target, but only events in the

downstream 3 m were used. Showers were selected giving at least 5 GeV of total energy

in the leadglass and at least 0.5 GeV in the back array. Neutral pions were separated

from single photons by requiring two separated showers in the back array in the ir° -

energy range of 5 - 20 GeV, thus giving the energies of the two photons* separately and

their opening angle. In the range 20 - 80 GeV again either two separated showers were

required (very asymmetric decays) or two separated clusters in the MWPC, thus giving

the opening angle of the two photons in the almost symmetrie decay and the combined

energy. Above 80 GeV no w° are used. A Monte Carlo program was developped, which si-

mulated production and detection of n° s leading to a full agreement of the mass spec-

trum between data and Monte Carlo. At present 8500 u° s are in the- results. At least

a factor of two more can be expected from more data being analysed.

In Fig. 4 the scaled energy distribution of n° s is compared with those for hadrons

of positive and negative charge, as measured by the EMC at 280 GeV. The neutral pions
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are lying nearer to the negative hadrons than to the positive ones., which can be

understood, as protons and kaons are not subtracted. For a quantitative comparison

a large sample of identified IT" is necessary which is not yet available at these ener-

gies.

The overall p y
2 - distribution of ir°'s (Q2 > 3 GeV2, 50 <. V2 <_ 350 GeV 2), where the

p, is measured with respect to the direction of the virtual photon, is shown in Fig. 5

and compared with a QCO calculation using the Lund model /21/. The main input para-

meters for the model are A = 500 MeV, fragmentation p T of the primary quarks o = 310
2 2 ^MeV and the primordial transverse momentum with <ky > = 0.65 GeV . The agreement of

the model with the data is good. Excluding 0C0 effects and primordial ky the high
transverse momenta are clearly not reproduced.

p
Searching for the kinematic variation of the average p T of neutral pions Fif. 6 a

2 2 2
shows the z , Fig. 6 b the Q and Fig. 6 c and 6 d the W dependance. In Figs. 6 a

9

and 6 d the <Pj > for charged hadrons is also shown and the agreement with the neutral

pions is very good. Also given are the results from the Lund model using the same para-

meters as before. The agreement nth the data as it had been for the <p,. - of charged

hadrons /5, 7/ is indeed good. The large dmount of what is called primordial k, needed
2 2

is demonstrated in the z distribution (Fig. 6 a ) , where <kj -- = 0 in the model is also
shown (dashed line). Eliminating in addition QCD (dashed dotted line) one sees only the

2 2transverse momentum resulting from fragmentation with a maximum of <p-j- > = 0.25 CeV
at z2 = 0.3.
Azimuthal Distribution of charged Hadrons

To get more information about the primordial transverse momentum of the quarks inside

the nucleon, the azimuthal distr ibut ion of charged hadrons has been studied. The

azimuthai angle <j> is measured between the scattering plane and the plane defined by

the observed hadron and the vir tual photon (Fig. 7). In general the dependance on .j.

can be writ ten as follows, assuming single photon exchange:

W • 3 Ï = A + B f l (y> c o s * + C f 2 M cos2<tl + ° ' p • f 3 ( y> s1n4> < 2 )

v

The f.. are known functions of the variable y = v/E (E the energy of the primary muon),

which is direct ly related to the polarisation of the v i r tual photon. P is the polar i -

sation of the i n i t i a l muon. The cos* term corresponds to the interference between

longitudinal and transverse photons, the cos2$ term to transversely polarised photons

and sin* to the polarisation of the i n i t i a l lepton. In the QPM rather clean predict ions

were made /22/ , relating the cos* and cos?* term to the i n i t i a l transverse momentum kT

of the struck quark:
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<cos*> = - 2
<kT>

/Q2
f, (y)

<cos2<l» = + 2 f, (y)

It was already pointed out /22/, that this is to be expected for the quarks after

scattering, that for the final hadrons however the ^-distribution will be smeared out

by the fragmentation. Also from QCD a small azimuthal dependance of the hadrons is

expected /23/.

To study the azimuthal dependance the same 280 and 120 GeV data have been used as for

the scaled energy distributions. Fig. 8 shows the angular distributions for four dif-
2 2

ferent bins of Q in the total range from 5 to 100 GeV . It is clearly seen, that the

distributions are not constant, a cos* term seems to dominate. The distributions have

been fitted with equation (2) and the results are given in Fig. 9. The cos* - term is

indeed dominant and negative as expected. At small Q also the cos2* - term is different

from zero and positive, again as expected. A QCD calculation including the effect of

the primordial kT has been carried out by Kroll and König /24/. The result for <cos<|>>

and <cos2<(>> is also shown in Fig. 9. The main input parameters for the calculation are

n (Q2 = 20 GeV2) = 0.34, <kT
2> = 0.6 GeV2 and o„ = 0.31 GeV. The main trend of the

s i " 2

data with respect to <cosij)> is reproduced,, the I/A) behaviour as expected from the
2 2

above simple equation is suppressed by phase space effects af. low Q /24/. If the <k, >

is set to zero in the calculation (dashed line), the <cos<(>> is practically zero, indi-

cating that the QCD effect on the level of the hadrons is very small. It was also

possible to show with the model calculation, that the fragmentation reduces the size

of <cos<j>> by roughly a factor two at all Q , when going from the parton level to the

level of the observed hadrons.
Soft Gluons

In all the present and previous /5, 7/ comparisons of transverse momentum phenomena

on single particle distributions with models the primordial kT has to be rather high
2 2

(<ky > = .6 - .8 GeV ) to get agreement with data. This goes together with a rather

high value of the QCO parameter A of 500 MeV. When however selecting events with at

least four charged forward hadrons (p. . > 6 GeV) /6, 7/ the <kT > was only around
o LaD — n 1

0.4 GeV . This large and inconsistent value of <k, > has led Andersson et al. /25/

to a modification of their model. They have explicitly introduced soft gluons, which

are emitted and reabsorbed by the quarks during the scattering process and which in

this way give some additional transverse moment"^ to the struck quark. The energy of
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these gluons 1s too low to create extra qq pairs. They essentially may correspond to

those soft gluons which in the usual treatment In QCD are cut away because of the infra-

red singularities. The amount of soft gluons is also controlled by a and the authors/25

have chosen it to be the same as for hard gluons. They have made a new comparison with
p

the <pT > of charged hadrons from the 280 GeV EMC data. This is shown in Fig. 10, where
2 2

<pT > is given as function of z . For the result of the new Lund model, somewhat arbi-
2 2

trarily <k, > was chosen to be 0.2 GeV and A = 300 MeV. The agreement with the data
is indeed rather good.

2
As this new Lund model can describe data using reasonably small values of <k, > the
question arises, is there any difference between the primordial ky of the quarks and

the p T introduced by soft gluons? The authors c'aim, that the part of transverse momen-

tum of the struck quark, arising from soft gluons and being transfered to the leading

hadron, should be compensated by hadrons produced in the central region of rapidity.

In the" case of primordial ky however the compensation should take place in the target

(backward) region. To be able to do a full test on this picture data with target frag-

ments are needed. As however the forward spectrometer data include part of the central

reqior. the test has been made and the result is shown in Fig. 11. In the upper half the

pT of the charged trigger particle (p. ,K > 6 GeV), defined by z > 0.5, for all events

with Q > 5 GeV and 100 <_ W < 340 GeV, normalised to the number of events, is shown

as c function of the rapidity Y^c- Also preliminary data taken on a D^ target at

280 GeV are used. In the lower part the transverse momentum component of all other

charged particles (PLab ^ 6 GeV) opposite to the transverse momentum of the trigger

particle is plotted as function of Y r M C. The solid line is the QCD calculation with

soft gluons, A = 300 MeV and <kT > = 0.2 GeV , whereas the dashed line is for no soft
2 2gluons and <ky > =0.74 GeV . Although the agreement between the solid curve and the

data is convincing the complete test including the target fragmentation has still to

be seen. For the trigger particle there is practically no difference in the rapidity

distributions, of the two cases.

Hadron Production on Nuclear Targets

There are speculations in the literature /26/ that the study of'hadron production on

nuclear targets would.give information about the space-time development of the quark

fragmentation and possibly about the quark-nucleon scattering cross section. If one

scatters on a large enough nucleus and if the fragmentation process of the struck quark

starts only after a time T * EQ/m
2(Eq and m are energy and mass of the quark), then

an interaction of the quark with a nucleon couid take place first. This could lead

to a suppression of high energy hadrons (z > 0.5 or large rapidity) in heavy nuclei

compared to light ones, to an increase of the multiplicity in the central region of

rapidity and to an increase of the <p, >. These ideas are supported in lepton scat-
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tering by some measurements done at SLAC /27/ with a 20.5 GeV electron beam on D», Be,

C, Cu and Sn targets, where indeed up to 40 % lower multiplicity was found on Cu com-
7 2

pared to C at z > 0.5 and Q > 1 GeV . Even at z = 0.3 the difference is more than 20 %.

Although this type of experiment is still foreseen by the EMC using also the vertex

system, a feasibility study was made with the forward spectrometer which has led to
3 3

some preliminary results. Carbon (8.1 g/cm ) and Copper (30.9 g/cm ) were used as

targets. The thickness was chosen such to be comparable in radiation length with 6 m

of H2 for reasons of electromagnetic background in the spectrometer. Also the absorb-

tion length was not too different from 3 m of Hj,. The nuclear targets were split into

6 thin ones, being spread out over the place of the downstream 3 m of H~ (D-) target,

to have similar acceptances. The primary energy of the muons was 200 GeV. The following

cuts were applied to the data: Q 2 > 4 GeV2, xBJ > 0.02, 25 < W
2 < 290 GeV2, 0.07<y<0.85,

pHad > 6 GeV' ° ' > 25 m r ad. At present 6300 events are in the Cu sample (70 % of the

data) and 3400 in the C one (30 %). The differential hadron multiplicities are compared

with those as obtained on hydrogen in Fig. 12 a, b in terms of the rapidity Y ™ and in

Fig. 12 c, d in terms of p T . The data are divided into two different regions of the

energy v of the virtual photon. From these preliminary data one can conclude that there

ire no large differences between the three different targets in the vCuct PT and also

in the z (not shown) distributions. For a more detailed comparison nore statistics is

needed, also comparison with D- and extension of the data to cover the full rapidity

ra nge.
The new EMC experimental Program with a Vertex Detector

The forward spectrometer has been complemented by a large vertex detector (Fig. 13)

consisting of a superconducting magnet, a streamer chamber around the target and large

angle track chambers. This will allow the track neasurenent of charged hadrons over al-

most 4n solid angle and close to the primary vertex with a good possibility to recon-

struct also lomplicateti events and secondary vertices in the streamer chamber. Further-

more many detectors for particle identification have been added to the EMC apparatus

(Cerenkov and time-of-flight counters), to cover as much In momentum space as possible.

Data taking and analysis has started in the fall of 1981.

The main physics aims are the study of

- Target (diquark) fragmentation,

- Fragmentation into identified hadrons,

- Correlations among Identified particles,
for example among baryons,

- Transverse momentum balance,
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- Complete three jet events with i ts particle content,

- Production of charm and strangeness,.

- Fragmentation in heavy nuclei,

- Shadowing.

The new detector system is a powerful tool to carry out these studies, and important
results can be expected, if sufficient beam time and general support will be made
available for these experiments.
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Figure Captions

Fig. 1 a Q2 dependance of (dN+/dz + dN"/dz)/N

F1g. 1 b x dependance of (dN+/dz + dN"/dz)/N

Fig. 2 Derivatives of ln((dN+/dz + dN/dzJ/ iy with respect to In Q2

and In x

Fig. 3 KZ dependance.of (dN+/dz + dN*/dz)/N

Fig. 4 dN/dz for ir° compared with charged hadrons

Fig. 5 dN/dpj2 for n° compared with QCO (A = 500 MeV, <kT
2> - 0.65 GeV2,o =310 HeV)

Fig. 6 a-d z , 0/ and W dependance of <p, > for it0 compared with charged

hadrons and QCD (A = 500 f*V, <kT
2> = 0.65 GeV2, aq = 310 MeV)

Fig. 7 Definition of the azimuthal angle *

Fig. 8 Azinuthal angular distributions of charged hadrons

F1g. 9 <cos*>, <cos2*> and <sin<|i» of charged hadrons compared with a OCD Model
including effects of primordial kT and fragmentation

2 2
Fig. 10 <pj >. vs. z for charged hadrons compared with QCD including

soft gluons (V); The different contribution are ( I ) from

fragmentation, ( I I ) QCD 1. order, ( I I I ) primordial ky,

(IV) soft gluons

Fig. 11 The rapidity distribution of the pT per event of a charged

trigger hadron (z > 0.5) (upper half) and of the balancing

pT of the other charged hadrons (lower half) compared with

QCD with (—) and without (- - ) soft gluons, but large k.

Fio. 12 a.b Rapidity distribution of charged hadrons on H,, C, Cu
2Fig. 12 c,d pT distribution of charged hadrons on H„, C, Cu

Fig. 13 The EMC (NA9) detector.
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RECENT RESULTS FROM CESR

S. Herb

Laboratory of Nuclear Studies

Cornell University

Ithaca. New York, USA

Abstract

Recent experiments on the decay of the upsilon states carried out by

the CLEO and CUSB groups at the Cornell Electron Storage Ring are described,

with emphasis on spectroscopie transitions observed through decay of T(3S).

I. Introduction

For the past several years the Cornell Electron Storage Ring has

operated exclusively In the region of the upsilon resonances near 10 GeV

center of mass energy {fig. 1). The upsilon properties entirely support the

hypothesis that the resonances are bound states of b¥ quark pairs with

m.~4.5 GeV and qk=-l/3 . CESR has two interaction regions, with a large
b ^b /.» ln\

solenotdal detector, CLEO 1" in the south area and the CUSBvt' non-magnetic

Nal-Lead Glass array In the north area (figs. 2 and 3).

Several changes were made last summer. A superconducting coll permitting

operation at 1.0 Tesla was installed in the CLEO detector - performance has

been exemplary. Nal endcaps and muon steel were Installed in the CUSB

detector to Improve solid angle coverage and muon identification. The
-i—n-
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FI9. l i Total cross aections (or • a~*hadrona fCI>EO).
The data contains about 60,000 hadron avant!
and an integrated luminosity of 1C000 nb~J
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QHt

Fig. 3t The CUSB detector

•CJ4J •• «•»!«•

The CLEO detectorFig. 2:

storage ring was modified with a mini-beta focussing scheme in which the CLEO
solenoidal field Is compensated by rotated quadrapoies. This has resulted in
an increase in peak luminosity from 2.5x10 to 1.2x10 (cm -sec) . Lumi-
nosity is now accumulated at a rate of £ 400 nb" /day. Cross-sections for
the upsilon resonances range from -18 nb for X(1S) to-1 nb for T(4S), so
it is now possible to collect samples of o(10 ) for all resonances.

The first physics run with mini-beta, from Nov-Feb '82, was at T(3S),
motivated by the interest of the CUSB group in observing photonic transitions.
I am presenting preliminary results from CUSB and CLEO for this data.
Subsequent running has been at 1(4S), the "B meson factory". The sample of
B meson decays has now been increased by a factor of two over the previous
sample, but analysis Is still underway. I will make several remarks on
plans for study of the B mesons.

The detectors were shut down for the month of April to permit the test
of a superconducting RF cavity structure In the storage ring. The main pur-
pose was to study the interaction of the electron bunches with the high order
mode RF generated by the short bunches in a high frequency (1500 MHz) and
high Q structure, and to study the ability to extract this unwanted energy
from the cavity using auxiliary waveguides.

Results were encouraging - currents of >10 ma were stored and stable
operation was achieved with a wide range of bunch lengths. The 5 cell
"muffin-tin" cavities used in the test had lower Q and maximum accelerating
voltage than has been achieved with Z cell test cavities, and the immediate
goal is to raise the accelerating voltage in the large assemblies to the
3 MV/meter required for the CESR II 50 GeV e+e" storage ring.
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II. Axion Search t'

A byproduct of recent T(3S) and 1(1S) running 1s a limit on axion ;
production from T . Both CLEO and CUSB have searched forX-*ir+ "nothing",
with E»~-beam energy. The "standard" axion* ' Interacts weakly and should
leave the detector before decaying 1f m < 10 MeV. Coupling of the standard

a

axion to vector mesons depends on the quark charge through a factor X :

n»» X'

Vïno
m 4

CF m» X» '•* t,"J/'

CF n» f«r e —1/3

^ VJna X»

The product of branching ratios for V and T is therefore independent of X
and can be calculated:

+ "|:*'»e
1%" M , 1Q-8

The Crystal Ball has measured B(t-Ma) < 1.4xlO'5 (90* C.L.) which implies
that B(T-»Ta) > 10~3. CLEO sees one candidate in -20k T O S ) decays and
CUSB sees no candidates In 20k T(1S) and ~60k T(3S). Scaling the T(3S)
result by the ratio of leptonic branching fractions, B (3S)/B (lS)~2/3,
gives a combined result, B(T-»ta) < 5x10 (90% C.L.) So the standard axion
is dead.

III. Spectroscopy (T(3S) decays)

The spectroscopy of the upsilon system doesn't have much to do with
weak interactions btt like neutrino physics it has a great deal to do with
strong interactions. For example there are many theoretical results from
perturbative QCD for level splittings and decay widths so it should be pos-
sible from precise experimental measurements to make several Independent
determinations of Ajr^ • The recent T(3S) data gives the first real ex-
perimental overview of the spectroscopy, letting us check the rough con-
sistency with theoretical expectations and also the experimental accessibil-
ity of the rather complicated upsilon level structure.

I will start by reminding you of the spectroscopy of a simpler system,
charmonium (fig. ̂  ). Decays of y(2S) are almost equally divided between
direct decays (annihilation of the cc" pair, 30%), hadronic transitions
(mostly V - n«V , 50%), and electric dipole transitions (V* > Jte ,-20X).
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Flf. S level Structure of T Sjiiwi.

The large photonic transition rate means that the P charmonium levels,
which do not couple to e e", are easily observed in t" decays. The upsilun
level structure Is shown in fig.5 . The most Important question is whether
the,.photonic transitions have substantial branching fractions, since that is
a prerequisite for detailed study of the system and observation of the more
suppressed transitions, for example to the spin singlet states,
a) Hadronic Transitions f(3S) can decay by 2 pion emission to either
T(2S) or T O S ) - These decays are experimentally very different;
m(3S)~m(lS) = 890 MeV, so that the pions are relativistic, but
m(3S)-m(ZS) = 328 MeV, which leaves only 50 MeV for kinetic energy of the
plons. The slow pions are not easily observed. CLFO has observed the
T(3S) —vTCiS) transition using the missing mass spectrum for IT n" pairs
(fig. 6) and also In the exclusive mode ttn'e e~ (or u fi~) (fig. 7 ) . The
statistics for the exclusive mode are reduced by the leptonic branching
fraction, B (3S)=O.O33+-O.OO5, but the signal Is very clean. The CUSB
detector 1s sensitive In the exclusive mode to both transitions since there
is no magnetic field to curl up the soft plons. Fig.8 shows the electron
pair mass vs. the energy deposited in the Nal by the two plons (which is
only approximately the kinetic energy of the plons). There 1s a cluster of
events at m e e ~ 1 0 GeV~m(2S) and track energy less than 100 MeV. The
efficiency for the 3S-»2S transitions is lower than for 3S-»1S because
tigher cuts must be made to eliminate background. The branching ratios are:
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CLEO missing mass B( tif3S)-*t?rT T O S ) ) - 5.6+-1.1 +-0.6 %
exclusive ee, uu " 4.5+-1.2 +-0.5 t

CUSB exclusive ee " 3.5+-1.0 +-1.0 t
exclusive ee B( TOSj-o/if T(2S)) 2.5+-1.6 +-1.3 X

CUSB also observes 5 events for T(3S)-*iPrP T(1S) and 5 events for
T(3S)-»TPTT° T(2S) . This Is consistent with B„o„o - 1/2 B „ v .
The approximate equality of the transitions to IS and 2S is surprising since
the latter has almost no phase space. This result was. predicted by Kuang
and Van*5' 1n their QCD multipole expansion treatment of the hadronic tran-
sitions, and is due to delicate cancellations in the matrix element for
3S-» BIT IS. The predicted branching ratios are 1-3% for 3S-*n+n~ IS and
1-2% for 3S-»ffir" 2S. The calculations work well.
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b) Photonic Transitions The first evidence
for a large photonic branching fraction came from
a short run at T(3S) more than a year ago in
which T(3S) data were observed to contain a
larger fraction of jet-like events than the
T(1S) d a t a . O Hadronic annihilation of the
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comparing the thrust distribution for T(3S) to those for T(1S) and con-
tinuum an excess 2 jet fraction of approximately 205! was derived for T(3S).
A similar analysis for T(2S) gave a 7% excess* '; the decision to take
further data at T(3S) was largely motivated by this result.

The present data sample consists of 14 pb"1 at T(3S) with 60k T(3S)
produced, 5 pb" of continuum near T(3S), with 20k events, and 1 pb at
T(1S) with 20k events. The event samples used in the analysis are somewhat
smaller due to trigger inefficiency and hadronic event selection criteria.
The T(1S) and continuum data were taken expressly for modelling the back-
ground for the inclusive photon spectrum at T(3S). CUSB has results both
for the inclusive photon spectrum and also for exclusive double electric
dipole transitions to T(1S) and T(2S).

Fig. 9 shows the inclusive photon spectrum at T(3S). The background
line is not a fit to the T(3S) data but is an absolutely normalized pre-
diction using a fit to a sum of the T(1S) and continuum inclusive spectra,
with the contributions weighted to give the average thrust observed at T(3S)
{this essentially duplicates the 2 jet and 3 jet decay fractions for T(3S)).
A predicted contribution from T(3S)-»nV T(2S) and T(3S)-»TfV 1(1S) is
also added. There is a large excess of events near 100 MeV which is the
expected energy range for the 3S-»2P. transitions. We expect three lines
for j=0,l,2 ; obviously they are not resolved. The apparatus resolution
and efficiency has been studied by generating showers from 100 MeV photons
in the apparatus
using the EGS
Monte Carlo and
then throwing
these photons into
real hadronic
ev-ents and per-
forming the stan-
dard reconstruc-
tion and analysis.
The result is an
efficiency of
18.5% and a reso-

1260.

' to.

fi». *
f i t fro» background «od*l.

SO. 100.
I I I I 11

000. >ooo.
P H O T O N CNrne
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lution function with tt-BX and non-Gaussian tails. The subtracted photon

spectrum Is then fit with this function. A one peak fit to the excess gives

1t2/D0F - 54/18 and 1s ruled out. A two peak fit gives *Z/DOF - 23/16

and a three peak fit gives TC2/00F « 12/14 . The three peak fit fs shown

In fig. 10 . Peaks are observed at 84+-2, 99+-3, and 118+-4 NeV, with a

total excess of 2265+-200 photons, giving a branching ratio for 3S-» ZP

of 33+-4X and an observed average energy of 98 HeV for the excess. These

results are preliminary; the errors are statistical and do not Include

uncertainty 1n the background modelling. Also, the errors for the positions

of the three peaks are only the diagonal error matrix elements and do not

Include the substantial couplings between the positions and areas.

The CUSB group has also looked

for the exclusive final states:

3S-12P-»1*1S — Tïee (MM)

3S-T2P—.fr2S-.TYee (MM)

3S-rlP— VirlS—wee (MM)

These are rare, since the rate 1s a

product of three branching ratios,

but they can be completely recon-

structed and have little background.

F1g. 12 shows the 16 TTJJU events

observed with the two photon energies

plotted as Ej o w vs. E ^ ̂  . The diagonal Unes are the T(3S)-T(2S) and

the T(3S)- T(1S) mass differences, corrected for recoil energy, and the

dotted lines give 2a bands in the photon energy resolution. There is an

obvious clustering of events near 100 MeV in both the T(2S) and T(3S)

bands. F1g. 13 1s the corresponding plot for 7*ee events. Here there

1s a background from doubly radiative Bhabha scatters. The background Is

estimated by counting events outside of the +-2cr bands, and Is checked

using experimental measurements of singly radiative Bhabhas. The

estimated branching ratios from the 2<r bands are:

ee - bkgnd u

3£— * 2 P — « I S 1 2 - 2 .4

3S-. * 2 P — » u 2 S 1 0 - 3 5

3S-» TIP -• H I S 5 - 4 1

Ftf. 10 iKkaraund iiibtrtcted InciutWe photon
ipeetrui t t T()S) »1th three peak f i t .

total
14
12
2

4
5
2

BR
• 2+-1

•8+-2

.7 X

.5 X

.6 X

(90X CD
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The present results from the inclusive and exclusive snectra are
consistent with predictions of many potential models but more data and
better momentum resolution will be needed to distinguish between, for
example, the "QCD motivated""' and the simply phenomenological* ^ models.

We can now summarize the decays for T(3S). Hadronic transitions
have branching ratio «12%, photonic transitions *33%, and direct decays
therefore - 55%. The total width of T(3S) can be estimated to be about
20 keV, compared to 215 keV for f'*•'. So even though the absolute rate
for photonic transitions is much reduced from <f", the hadronic transitions
are reduced even more and the photonic transitions are a large fraction of
the total width, so that it should be possible, as for charmonium, to study
the spectroscopy in great detail,
c) B Mesons (present running)

The basic features of the B mesons, studied through Bff production at
the T(4S) resonance, were reported at the Bonn Conference In 1981 W' and
results from the recent running are not yet available. Briefly, the
semileptonic branching ratio 1s B~B~13.5-r-l.5t, enhanced kaon produc-
tion 1s observed, consistent with a dominant b-»c coupling, and there Is no
eveidence for neutral current decays, B-»l+l~ X . All feature are consis-
tent with weak charged current decay of the b quark, with standard coupling
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of the W. More precise Interpretation of the data 1s complicated by
several things, for example that the mass of the B and B° mesons Is
not precisely known. This means that the endpoint of the
lepton spectrum is smeared by an unknown doppler shift» and that the
relative production of B+B' and B°BÖ at T(4S) Is not known.

The present plan Is to run at the peak of the 4S for a year or so,
collecting J 50 pb"1 of luminosity with ï 50k BB events. This will provide
a factor of >10 increase In statistics for the lepton and kaon spectra.
It may also permit reconstruction of B or B° mesons, giving values for
m(B) which will help in interpreting the spectra. The best chance for
reconstructed B's Is decays Including a f , for example, B-**K .
The rate B -»"PX could be as high as 3XJ ' or much lower. An experimental
result for B-*VX should be available soon.

d) Future Plans- Several possibilities for increasing CESR luminos-
ity are now being pursued, including a high current electron gun for Improved
injection, multibunch operation, and a "micro-beta" lattice. We expect a
factor of two within the next year. The CLEO group is now planning for
an Improved detector, CLEO II . The CUSC group is hoping to install a high
resolution quadrant built of Bismuth Germanate (BGO) and Is making plans for
a completely new north area detector. We foresee a long and productive
association with the ups11on family.
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RESULTS FROM THE SPS ANTIPROTON-PROTON COLLIDER

K. Eggert
III. Physikalisches Institut, Aachen, Germany and

CERN, Geneva, Switzerland

1. Introduction
2. The UA - experiments
3. Elastic scattering
4. Minimum bias physics
5. Physics at large transverse momentum
6. Future expectations

1. Introduction '

At the 1976 fleutrino Conference in Aachen C. Rubbia suggested
converting the CERN SPS into a proton-antiproton collider '. The centre -
of - mass energy of 540 GeV (an order of magnitude higher than at existing

29 3 0 - 2 - 1accelerators) together with a luminosity of 10 - 10 cm s would enable the
search for the intermediate vector bosons V-, Z° predicted by the standard
Keinberg - Salam model to be carried out. Apart from this main motivation
for the new storage ring the possibility of studying strong interactions at
very small distances below 10" cm is also very exciting. High transverse
momentum jets arising from the hadronisation of scattered quarks and gluons
should stick much clearer out of the underlying background once their transverse
momenta are above 20 - 30 GeV/c. The study of these high transverse momentum
phenomena may lead to a confirmation of a possible theory of strong interactions.
Furthermore new phenomena, some of which have already been suggested by cosmic
ray experiments, may show up when entering this new energy domain.

The realisation of the proton-antiproton collider would not have been
possible without the invention of the beam-cooling technique which allows
sufficiently dense beams of antiprotons to be prepared. Electron cooling was
ffrst suggested by G. Budker ' at Novosibirsk in 1.966 and stochastic cooling
by S. van der Heer 1n 1968 at CERN '. After the successful demonstration of
stochastic cooling 1n the "Initial Cooling Experiment" (ICE) the construction
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Parameters

Antiproton Accumulator

- . , . p injected
P y i e l a p on target

accumulation efficiency

accumulation rate p/hour

Cooled emittances £
horiz. (IT mm mrad)
vert, (T mm mrad)

Ap/P

Transfer AA + PS -•• SPS

SPS Collider

p/bunch

p/bunch

Bunches £

design

2-10"6

0.67

2.1010

1.4
1.6

3-10"3

100%

10 1 1

10 1 1

6
6

achieved
normal best

6-10"7

0.4

4-109

1.2
1.0

3-10"3

255S

1.6-109

6.1010

2
1

8.10'7

0.5

5-109

1.0
0.9

75%

10 1 0

10»

3
3

hope for
end 1982

lO"6

0.5

10 1 0

3-10"3

752

2-1010

10»

3
3

Beam lifetime (hour) 24 20 24

low e e horiz. (m) 2 7.0 1.5 1.5

6 vert, (m) 1 3.5 0.75 0.75

Luminosity (cm'^ec"1) io30 3-1026
 5-1027 5.-1028

Estimated integrated luminosity (cnf2)

for the running period in autumn 1982 5-1034

Tab. 1: Important machine parameters for the Antiproton Accumulator
and the SPS - Collider.
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of the Antiproton Accumulator (AA) started at CERN in 1978. In July 1981

proton-antiproton collisions in the SPS at a centre - of-mass energy of

540 GeV were observed for the first time. A run with an average luminosity

of 3 • 10 cm sec took place in December 1981 resulting in an integrated

luminosity of ~ 1 0 cm available for use by the different experiments.

The first physics results from this running period will be reported here.

To demonstrate the influence of the different machine parameters on the

luminosity the most important parameters of the Antiproton Accumulator and

the SPS collider are listed in table 1. The design values are compared with

the average values obtained during the run in 1981 and the best values

achieved up to the present. In addition an estimate 1s given for the coming

run, which may yield an integrated luminosity of some 10 cm , provided the

collider runs reliably.

2. The UA experiments

Five experiments (UA1 - UA5) were approved at the start of the pp collider

experimental programme.

The general-purpose detector of experiment UA1 ' was designed for an almost

complete coverage of the whole solid angle down to polar angles of less than 1°.

Its central part, shown in fig. 1, is a 6 m long by 2.4 m diameter drift

chamber configuration with large drift distances (= 18 cm). The two-dimensional

image read-out yields space points at centimetre intervals along the tracks.

These central chambers are surrounded along their length by 48 semicylindrical

electromagnetic calorimeters and at each end by 32 radialsectors of electro-

magnetic calorimeter. All of the above detectors are situated inside a dipole

magnet ( 7 m * 3.5 m * 3.5 m) which produces a uniform field of 0.7 T. The

laminated return yoke of the magnet, equipped with scintillation counters, also

serves as the hadron calorimeter. The outer shell of the detector is a large-

area muon detector composed of 8 layers of drift tubes (2 chambers each with

4 layers). In addition calorimetrized compensator magnets, small-angle

calorimeters and charged particle detectors extend the forward region to

production angles of less than 1°.

The UA2-detector5) (fig.2), well-matched for the U- and Z^search, is

composed of fine segmented calorimeter cells, 240 in the central region and



- 217 -

F1g. 1 View of the central part of the KA1-experiment

p-p oxpsr.rnent UA2

Ey~-->---7-— T' : ; r -"4 TOROID COILS CONVERTER

~ ~ PROP. TUBES

Fig. 2 View of the UAZ-experiment from above
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240 in the forward-backward cones. They are arranged in a tower structure

pointing to the intersection region. An inner detector, using drift and

proportional chambers, determines the vertex position. The forward-backward

detectors include magnetic spectrometers (toroidal magnets and drift

chambers) to measure the charge asymmetry of the electrons from the W-

decays. For the 1981 and 1982 runs a wedge of the central calorimeter is

replaced by a magnetic spectrometer with particle identification by time-

of-flight and a lead-glass array to identify neutral pions by their decays.

Experiment UA3 is a search for magnetic monopoles by looking for their

expected high ionization in Kaptan foils, which are placea both inside and

outside the vacuum tube in the intersection region and around the outside

of the UA1 central drift chambers.

Experiment UA4 ' measures the elastic scattering and (using the optical

theorem) the pp total cross-section. Small drift- and proportional chambers

can be placed very near to the beams inside "Roman pots" situated 40 metres

from the intersection point in both directions.

The main part of the UA5 detector ' consists of two large streamer

chambers surrounding the intersection region, lead-glass plates in the

chambers allowing photon identification. This experiment concentrates on

measuring particle densities and correlations.

3. Elastic scattering

The elastic scattering of protons on antiprotons was measured by UA4

und UA1 in two ranges of squared four-momentum transfer near t = 0.1 GeV/c

(UA4) and near t = 0.2 GeV/c2(UAl) with a slight overlap of the two

measurement regions. Fig. 3 shows both results, which are well fitted by

an exponential form, but with different slope parameters in the tv/o

t-ranges. Both results are in agreement with extrapolations from lower

energy data for the appropriate t-ranges.

By extrapolating their data to t = 0 and using the optical theorem the

UA4 group has determined the total cross-section. The preliminary value of

^tot = 66 ± 7 mbarn is in good agreement with the extrapolation from ISR

data and shows the continuing rise of the total cross-section with energy.
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4. Minimum bias physics

The experiments UA1, UA2 and UA5 have each presented results on minimum

bias physics. A typical event, as seen by the UA1 central drift chambers

(fig. 4), is characterized by a large number of particles. The pseudo-

rapidity distributions ' of

charged particles and photons are

compared in fig. 5 with the

charged particle distribution from

the ISR, and a clear increase of

the particle multiplicity in the

central regio.i is seen. Whereas a

cylindrical phase space description

with a mean transverse momentum

<p,> = 350 MeV/c describes the ISR

data wel 1 (solid line) it

completely fails for the pp

collider data. This indicates that

either the width of the pseudo-

rapidity distribution has not

grown as much as was possible on

kinematical grounds or that the .

mean transverse momentum has in-

creased.

•C'J

To obtain an almost clean pion

distribution, kaon and proton

contributions (̂  162) and photons

from K° - decays are globally

Fig. 5

171

Pseudorapidity distributions for
charged hadrons and photons

subtracted. If all photons come from n° decays the average number of photons

should equal that of charged pions. Since <n^> = 31.5 ± 2, which is much

higher than <n >* (22.5 ± 1) the UA5 group concluded that there is a 32%

contribution from W- decays. With this asumption the photon distribution

can be well described (solid line).

The particle density in the central region |*j|<1.3 is shown in fig. 6

together with data from thê  ISR and from cosmic ray experiments '. These

data have not been corrected for K° and A° charged decays but in order to

compare with the ISR data at least one particle in the central region was
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in the central plateau as a

required. The mean charged multiplicity per unit of pseudorapidity is

3.(: ± 0.3jthe inclusion of events with no tracks in the central region

reduces this number to 3.6 t 0.3. The rise of the central particle density

- a substantial violation of Feynman scaling - persists up to the collider

energy.
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if,. 7 Multiplicity distribufion in the selling variable z
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The distribution of the multiplicity in the central rapidity plateau

(̂ 1 <l-3 is plotted in fig. 7 together with ISR data from roughly the same

rapidity interval. It is surprising that all multiplicity distributions

from /s = 5 to 500 GeV coincide, once they are expressed in terms of the

variable z = n/<n>, suggested by the idea of KNO-ccaling11). The distri-

bution is much wider than a Poisson

distribution indicating the existence

of multiparticle correlations. It is

assumed that clusters are first

produced, which then decay on average

into 2 to 3 charged particles. Fig. 8

shows the muHiplicity distribution for

1"£| <3.5 which is in excellent

agreement with the independent cluster

emission model '.

The transverse momentum spectrum for

unidentified charged hadrons is given

in fig. 9 for three different bands of

multiplicity, averaged over the inter-

val ty\<2.513). The three spectra have

been normalized to the full inclusive

cross-section. atpT = o. Even at rather

low p.j. - values the spectrum becomes

flatter with increasing multiplicity,

as has been suggested by cosmic ray
141

experiments '. The mean transverse

momentum <p^> increases with the mean

multiplicity (fig. 10) and flattens

off at very high multiplicities. This may be due to the saturation of the

available centre - of - mass energy. The points without error bars give

the global pT - average at FNAL, ISR and pp collider energies. The fact

that <pT> increases with energy may thus be an effect of the increasing

multiplicity.

The UA2 group has measured the pT-spectrum of pions, the charged ones

being identified by their time - of - flight and the neutrals by their

decay into two photons 5 ) . The two spectra fit well together (fig. 11).

With tighter cuts on the mass reconstruction they observe an *?-signal,

A.O 2.D 3.0
2 =

Fig. 8 Multiplicity distribution in
the i^ -range |^| <3.5
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-i

consistent with an n/f ratio of 0.55 as measured at the ISR. For transvnrse

momenta below 1.2 GeV/c kaons and protons were identified and tho particle

ratios K/n and p/n are independent of the transverse mass m^ (fig. 12).

The UA5 group has also identified kaons and lambdas from their charged

decays16'. Their transverse momentum distributions (fig. 13) are less steep

than that for pions, with mean transverse momenta of 0.70 ± 0.12 and

0.67 t 0.2 GeV/c for kaons and lambdas respectively. The multiplicity of

neutral kaons (K° + K°) per inelastic event is 2.0 ± 0.4 (for A°+A° it is

0.35 i 0.1) corresponding to a ratio of neutral kaons to charged pions of

11 t 2%. This ratio is higher than at lower energies, perhaps an indication

of the existence of new thresholds involving heavy flavour production (fig. 14).

Fig. 12

The particle ratios K/TT,
p/71 as a function of trans-
verse mass m_ = /p£ + m2

J5

0.5

P/n
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5kO GeV
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0.6 0 7 O S 0 9 1 1.1 1.2 1.3 I't 15 J.6
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Fig. 14

The K/ir ratio as a
function of cm. energy
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I 5. Physics at large transverse momentum

. ? Large transverse momentum phenomena were one of the exciting phenomena
•̂ when a new energy range was entered by the ISR '. The increasing yield

H of large transverse momentum particles with energy makes the study of
^ ^ • — 1 R

; hadronic interactions at small distances below 10" cm even more promising
•-̂l at the pp collider.

The invariant cross-section for unidentified charged hadrons as a
function of transverse momentum is given in fig. 15 '. The comparison
with the ISR results shows that the pT-spectrum 1s much flatter at the
pp collider and this already at rather low values of pT> At pj = 10 GeV/c
the cross-section is three orders of magnitude larger than at the ISR.
This difference can be well understood in terms of a recent QCD model '
which includes in addition to hard scattering and parton fragmentation

|, processes gluon radiation off initial and final state partons. The p-p-

r spectrum can be described by the following empirical form:

O.A)'A v 2 p±o
 a 430 ± al

The measurements from the electromagnetic calorimeters which are sensitive
to neutral pions, etas and photons are also displayed in fig. 15. Given
that the two spectra are for different particle mixtures, the agreement
is good.

The UA1 group has also studied correlations among large pj charged
particles to look for indications of jets arising from the fragmentation
of scattered partons '. A trigger particle was defined by having the
largest pj in the event and at least 4 GeV/c. Relative to this trigger
particle the distributions of rapidity and azimuth for all other particles
in each event are plotted in fig. 16. The rapidity distributions are given
separately for the azimuthal hemispheres "towards" (centred on) and "away"
(opposite to) the trigger.
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A clear correlation in azmuth and rapidity with respect to the trigger
particle is observed, increasing strongly with the p-j. of the secondary
particles. The two-dimensional plot in fig.17 illustrates that the secondaries
cluster both in rapidity and azimuth around the trigger particle. The
secondaries which are near to the trigger particle (Ay = ± 0.5, A* * + 30°)
have a much flatter pT-distribution than the ones from minimum bias events
(fig. 18). The above features can be well understood in terms of jets
arising from parton fragmentation. The trigger particle defines reasonably
well the direction of the scattered parton due to the steep fall of the
Py-spectrum. Additional large pT secondaries then tend to cluster around
the trigger particle because of their limited transverse momentum with
respect to the parton axis in the fragmentation process.

On the away side the direction of the scattered parton is unknown.
Therefore the large pT particles are smeared over a wide range of rapidity
(figs. 16 and 17). However an azimuthal correlation emerges around 180°
with respect to the trigger particle. This coplanarity, increasing with
PT, favours the picture of two scattered partons, whereas narrow rapidity
correlations on the same side could also be explained by the decay of low
mass resonances.

6. Future expectations

For the running period in autumn 1982 we can hope for an integrated
34 -2luminosity of some 10 cm . The following expecations may then be

realized:

The large Pj inclusive spectrum will be measured up to transverse
momenta of 30 - 40 GeV/c. At these high transverse momenta jets can clearly
be seperated from the low transverse momentum background. A calorimeter
trigger on large transverse energy will probably efficiently pick-up
unbiased high pT jets, provided the transverse energy thereshold is large
enough to cut-off high multiplicity events from the tail of the multiplicity
distribution. Since the jet cross-section is 2 - 3 oders of magnitude higher
than the single particle cross-section a few hundred unbiased jets with
transverse momenta around 50 GeV/c can be expected. Hopefully many of these
events will show a two-jet structure.

An integrated luninosity of S - 10 will make the search for W* and Z°
decays very promising *''. According to new QCD calculations about 3 - 5 '
leptonic Z°-decays and 50 leptonic W* decays will be expected, resulting in
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a charge asymmetry of 7:2 for polar angles

of 25° to 40°. Fig. 19 shows the p T distri-
211bution of muons from W-decays '. The

curves a-c give the different background

for the UA1 experiment based on the

hadron p, spectrum from QCD calculations,

normalized to the data at 10 GeV/c. Curve

c is the n - v decay in the central

detector, a and b the hadron punch through

the absorber for polar angles of 90 (a)

and 45° (b). The transverse energy balance

in the central region of the event, shown

as an insert, may help to identity the

missing energy from W-decays.

to-

tO ZO 30 to to

Fig. 19 p-|--distributions of muons
from W-decays and different back-
ground sources

Acknov/ledgments

I would like to thank the mebers of the different UA-collaborations

for many fruitful discussions and for providing data prior to publication.

In addition many thanks to my colleague Dr. D. Dallman for a critical

reading of the manuscript.



- 231 -

References

1) C. Rubbia, P. fie Intyre and 0. Cline
Proc. Int. Neutrino Conf., Aachen, 1976
(Vieweg, Braunschweig, 1977) p. 683

2) Summary of electron cooling in the USSR
CERN 77-08 (1977)

3) S. van der Meer "Proton-Antiproton colliding beam facility"
CERN/SPC/423 (1978)
D. Möhl, G. Petrucci, L. Thondahl and S. van der Meer
"Physics and Technique of Stochastic Cooling",
Phys. Rep. Vol. 58 No. 2 (1980)

4) Aachen-Annecy (LAPP)-Birnringham-CERN-London (Queen Hary College)-Paris
(College de France)-Riverside-Rutherford-Saclay (CEN)-Vienna
Collaboration, "A 4n solid-angle detector for the SPS used as a
proton-antiproton collider at a centre-of-mass energy of 540 GeV".
Proposal CERN/SPSC/78-06/P92 (1978)
M. Barranco Luque et al., Nucl.Instr. and Methods 176 (1980) 175
M. Calvetti et a h , Nucl. Instr. and Methods 176 (T980) 255
K. Eggert et al., Nucl. Instr. and Methods 17FT1980) 217 and 223
A. Astbury, Phys. Scripta 23 (1981) 397

5) UA2 Collaboration. M. Banner et al., CERN/SPS/78-08 (1978) and
CERN/SPS/78-54 (1978)
UA2 Collaboration, M. Banner et al., contribution to the International
Conference on Experimentation at LEP, Uppsala, 15-20 June 1980
UA2 Collaboration, M. Banner et al., contribution to the International
Symposium on Multiparticle Dynamics, Volendam, the Netherlands,
6-11 June 1982

6). UA4 Collaboration, R. Battiston et al., CERN/EP 82-76
and submitted to Physics Letters B

7) UA5 Collaboration, Bonn-Brussels-Cambridge-CERN -Stockholm,
Physica Scripta 23 (1981) 642 •

8) UA1 Collaboration, G. Arnison et al., CERN-EP/82-123

9) UA5 Collaboration, K. Alpgard et al.
Phys. Letters 107 B (1981), 310 and 315

10) UA1 collaboration, G. Arnison et al., Phys. Lett. 107 B (1981) 320

11) Z. Koba, H.B. Nielsen and P. Oleson,
Nucl. Phys. B 40 (1972), 317

12) E.H. de Groot, Phys! Lett. 75_B (1975), 159

13) UA1 Collaboration, G. Arnison et al., CERNTEP/82-125

14) C.M.fi. Lattes et al., Phys. Rep. 65 (1980) 151



- 232 -

15) UA2 Collaboration. M. Banner et al., CERN-EP/82-62

16) UA5 collaboration, K. Alpgard et al., CERN-EP/82-61

17) P. Darriulat "Large transverse momentum hadronic processes",
Ann. Rev. Nucl. Part. Sci. 30 (1980) 159-210

18) R. Odorico, Paper presented to the XXI International Conference
on High Energy Physics, Paris, 26-31 July 1982

19) UA1 Collaboration, G. Arnison et al., CERH-EP/82-124

20) T. Hansl, Proceeding of Neutrino 79, Bergen (1979) 203

21) P. Aurenche and J. Lindfors, Nucl. Phys. B 18.5, 301 (1981)





- 233 -

NEW TRENDS IN DETECTOR CONSTRUCTION
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ABSTRACT

New developments in the techniques of measuring position,

energy and momentum of particles and identifying them are

described. Most of the material presented can be found in

Physics Reports 84 (1982) p.85 - 161.
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NEUTRINO AND PROTON DECAY DETECTOR WITH STREAMER OR GEIGER
PLASTIC TUBES

E.Iarocci, Laboratori Nazionali di Frascati, INFN,Italy.

ABSTRACT.

The use of plastic streamer tubes, with both digital
and charge readout, is discussed in connection with digital
tracking calorimeters for neutrino detectors.A new development
of plastic tubes, based on limited Geiger operation and Geiger
propagation time measurement, is described, and its possible
application for p-decay and low energy neutrino detectors is
discussed.

1. INTRODUCTION.

Neutrino and proton decay detectors require particle

identification and energy measurements in a dense medium. A

standard approach is based on the use of tracking calorime-

ters, that is detectors which provide together shower energy

measurement and the detailed pattern of the charged seconda-

ries sampled through the dense medium. Event identification

relies on the recognition of characteristic patterns (non

showering tracks, hadron showers, e.m. showers) and on the

measurement of vertices and directions.

The natural trend of neutrino and proton decay detec-

tors is to be large (massive),which in practice imposes the

use of simple and cheap devices. Presently digital tracking

calorimeters look to be the most favoured detectors, because

they can be based on the use of simple saturated mode devices,

such as limited streamer or Geiger tubes or flash chambers.
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In this paper» after a brief description of Plastic

Streamer Tubes (PLA.S.Tubes shortly), and a discussion of

the performance of streamer tube calorimeters,I will sketch

out a high energy neutrino detector based on their use. I will

also report on a recent development of Plastic Tubes, now

operated in a limited Geiger mode, and with a time projection

readout based on Geiger propagation time measurement; this

device is being developed in Frascati in view of a large

p-decay calorimeter in the Gran Sasso laboratory.

2. PLASTIC STREAMER TUBES.

Multitube devices, with respect to wire chambers,have

two distinctive modularity features! i) large "chambers"can

be built by simple addition of several tube modules; ii) a

single wire failure can be reduced to a single wire loss, by

simply cutting the wire connection to the anode voltage,sup-

posed accessible. These practical features are of crucial

importance concerning design and operation of very large ca-

lorimetric detectors.

The use of plastic tubes with resistive cathode, al-

lows a simple way reading out the second coordinate of a mul-

titube chamber, by using external pick-up electrodes, such as

strips.These are passive elements which can be given the de-

sired modularity, so that large tube chambers with two coor-

dinate readout may be obtained by simple assembly of multi-

tube and pick-up electrode modular units.

Limited streamer is a saturated mode localized in a

few millimeters, favoured by the use of thick sense wires

(100/urn typically), featuring big signals («-1mA peak current),

and exhibiting noiseless operation in a wide H.V. range.
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The big streamer signals make possible to use very

large aerea pick-ups, such as very long strips, which can

be operated as terminated transmission lines.That operation

mode combined with the plastic tube device, makes possible

to envisage detection planes of very large dimensions. Ac-

tually the limit (~-10xl0 m 2) is given by practical problems,

such as handling and transportation of the modular elements.

By the way, very long wire lenghts (~10 m) are made possible

by the use of thick anode wires, which are supported every

50 cm (for 1 cm2 tubes): in this way tubes can be operated

without strict planarity requirements.

The plastic streamer tube device has found a large

scale application in the proton decay detector now in opera-
(2)

tion in the Mont Blanc tunnel .This detector makes use of

~50 000 tubes , equipped with 'WOO 000 x-y pick-up strips, for

a total pick-up aerea of 3400 m . One of the first events

detected in the Mont Blanc is shown in Fig.lt a cosmic ray

muon producing a hadron shower via a virtual photon.

The large mass production for this detector has evi-

dentiated a further attractive feature of plastic tubes: both

the modularity of the device components, which consist of

essentially unidimensional elements, and the use of thermo-

plastic materials (PVC) and technologies, allow the develop-

ment of automatic assembly equipments.

The modular components of the Mont Blanc detector are

three: i) a 16-tube module, ii) a 16-x-strip pick-up unit,

lii) a 16-y-strip pick-up unit. Tube and strip granularity

is ~lcm, the length 3.5 m.

It is straightforward to use different pick-up elec-

trodes, such as pads, as it has been made for calorimetric
(3)

test modules for LEP
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Fig.l A cosmic ray event in the Mont Blanc detector.
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Fig.2. Response to electrons
of the Mont Blanc calorimeter.

Fig.3. Response to electrons
of the C.H.A.R.M. streamer
tubes (preliminary).
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3. DIGITAL CALORIMETERS.

The basic idea of digital calorimetry is to count some

discrete quantity instead of measuring an analog quantity

such as the total AE/Ax measurement of standard sampling ca-

lorimeters.

In the simplest version, a digital calorimeter uses a

multitube device with a simple digital (YES/NO) readout of

the individual elements. Shower energy is measured by counting

the hit tubes, which is equivalent to an approximate measu-

rement of the total track length (tracks at an angle will hit

more elements). At low shower energy (low track density) where

negligible track obscuration takes place (more than one track

in a single tube element), the energy response is linear and

energy resolution varies as 1/$L, being comparable to that

obtained with scintillation counters.

The attractive features of such a calorimeter are the

following: i) simple saturated mode devices can be used,such

as streamer, Geiger, or flash tubesj ii) the YES/NO readout

usually implies stable energy response (i.e. no calibration

and monitoring problems); iii) the full tracking is available.

In Fig.2 the response to electrons of the Mont Blanc calori-
(4)

meter is shown , which exhibits the typical features of

digital calorimeter response: linear behaviour at low energy,

then a smooth deviation from the linear response (10% non

linearity at ~500 MeV); while the energy response deviates

from linearity, the energy resolution deviates from the 1//Ê

behaviour, saturating at a constant value.

At a given energy, for a given absorber material, and

for small nci linearity, the latter may be assumed proportio-.

nal to the tube width, and the average detector density: in

fact two track separation is proportionally improved either

by decreasing the tube dimensions or by diluting the detector,
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Fig.5. Charge response to
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test module with pad readout.
The signal is in units of
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which makes tracks drift apart.

The effect of density is shown in the response to elec-

trons (Fig.3) of the streamer tube calorimeter of t;ie
(6)

C.H.A.R.M. neutrino detector . This consists of 8 cm thick

marble absorbers interleaved with scintillation counters, pro-

portional drift tubes, and 1 cm^ aluminium streamer tubes. The

average r.l. of the detector is Xo=20 cm, to be compared with

the XO=4.5 cm of the Mont Blanc calorimeter. Although low

energy points are not available, a wider linear energy range

in a ratio of the order of the density ratio can be inferred

from the available points.

The response to pions of the C.H.A.R.M. streamer tube

calorimeter is shown in Fig.4. Due to the much lower track

density in hadron showers, the linear range is comparably wi-

der: 10* non linearity at•50 GeV. The energy resolution,shown

up to 30 GeV in the same figure, results to be ~64</1p5, which

is only 15^ worse than that simultaneously measured with the

scintillation counters . The streamer tubes give this re-

sult with much less effort (no gain monitoring problems), and

while giving a fine tracking of the events.

A wider linear range and improved energy resolution at

high shower energy can be obtained with streamer tubes, if to-

tal streamer charge is readout, which is equivalent to count

streamers, which in turn is a measure of the total sampled

track lenght. Track obscuration is much reduced, since the

saturated element now is not the tube, but only the few mil-

limeter long dead region due to a single streamer.

In view of possible use in a LEP detector, a prelimi-
(3)nary test has been performed with electrons at the CERN-PS,

using a PLA.S.Tube test module, with charge readout by exter-

nal pads.
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With an average Xo=3.3 cm a much wider linear range

was found (6% non linearity at 10 GeV). The energy resolu-

tion with 1 r.l. thick lead sampling, is 27t/\fË (see Fig.5),

Further testing is being made or prepared with both

hadron and e.m. test calorimeters.

4. A NEUTRINO DETECTOR WITH PLASTIC STREAMER TUBES.

Taking the C.H.A.R.M. detector as a model, consider-

ing the performance of its streamer tube system as tracking

calorimeter, and taking into account the possibility of im-

proving the high energy response by the total streamer char-

ge readout, one can envisage a very simple detector based

only on the use of PLA.S.Tubes.

A sensitive plane is shown in Fig.6, made of PLA.S.

Tube modules of the Mont Blanc detector type .likewise equipped

with x and y strips as the digital tracking system. The wires

of one tube plane are connected together to an ADC, to

measure the total streamer charge, to improve high energy

shower measurement. Here the same device performs both the

calorimetric and tracking functions, separately performed

by scintillation counters and proportional tubes in the

original C.H.A.R.M. detector. Combining the results shown

before, for a detector density about that of the C.H.A.R.M.

detector, one can infer a linear resposnse up to~50 GeV for

e.m. showers, and >>100 GeV for hadron showers.

The full detector is sketched out in Fig.7, with a

visualization of the tracking and calorimetric output.
(8)

An improved readout is suggested by C.Rubbia ,

based on the use of the BBD device. In the simple Mont

Blanc detector readout scheme, based on parallel loading

and serial data transmission, the (digital) shift register

is substituted by an analog "shift register". This readout
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Fig.7. Sketch of a PLA.S.
Tube neutrino detector,
with x-Y tracking strips
and total streamer charge
readout on wires.
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would greatly improve detector performance, providing lo-

cal linear track counting (high energy showers) and high

space accuracy (charge centroid method).

5. A GEIGER PROJECTION CALORIMETER.

5.1. Plastic Geiger Tubes.

The next generation of proton decay calorimeters de-

mands for masses in the several kiloton range,with improved

granularity when compared with the Mont Blanc detector.

A Geiger device is being studied in Frascati '

which is an evolution of the Mont Blanc detector device

toward economicity and semplicity, which are needed in view

of the much larger detector dimensions. The basic idea is

shown in Fig.8. Plastic tubes with 100 urn wires are operated

in the Geiger mode, with the Geiger propagation limited by

the wire supports which are about 50 cm apart. The wire si-

gnals are big enough to be read out by direct connection to

a CMOS Shift Register. To readout the second coordinate,ex-

ternal strips are placed across the wires in correspondence

of the Geiger limitation devices, to pick-up the front of

the propagating Geiger discharge at the limitation point.

Measurement of the Geiger propagation time provides the

second coordinate, with a conversion constant (Geiger pro-

pagation velocity) of —300 ns/cm. From preliminary tests a

space accuracy better than 1 cm, and two track separation

of —'1 cm, appear feasible. The cost/m^ for the Geiger pro-

jection readout is of the same order of the Shift Register

readout of wires, for equal lengths of wires and strips.

Two features of this Geiger device are worth of men-

tion, concerning reliability and operation simplicity: the

non flammable gas mixture (Argon + 4% Ethyl Bromide), and

the very low operation voltage (~1500 V).
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Fig.a. The Plastic Geiger Tube device, with strips to
pick-up Geiger front.

Fig.9. Sketch of
the Geiger Projection
Calorimeter module.
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5.2. Modularity of the GPC.

Existing or proposed proton decay calorimeters, in

the very large scale perspective, show two problems. The

first one concerns the use of iron, which is expensive and

difficult to assembly in the form of thin and large plates.

The second one, actually the major one, concerns the lack

of the proper kind of modularity: they all consist of alter-

nate layers of crossed elements (tube-tube, tube-strip,drift

wire-strip). Due to the very large detector cross-section,

that implies the very individual components (sensitive ele-

ments, iron slabs, readout cards) to be put together in the

underground laboratory, which is expensive. The point is

that these p-decay calorimeters are big and finely textured

buildings, to be built-up in an unconventional place. The

idea being studied in Frascati is to build-up the full de-

tector by combining together large calorimetric modules:

GPC modules (see Fig.9) consisting of plastic Geiger tubes

embedded in a concrete block, with all active terminations

(x-y signals, gas, H.V.) on one single face of the module.

This structure is made possible by the fact that the second

coordinate readout of the GPC is based on the use of a small

number of passive elements (1 strip/50 cm).

The increase in readout channels due to the shorten-

ing of _the cross-strips, can be compensated by grouping to-

gether far apart strips (image overlap).

Permanent embedding of tubes in concrete implies a

calculated risk approach, which is based on the possibility

already mentioned, of getting read of the single badly work-

ing wires, and on a supposed small probability of single wire

failure ( < 10~3/year). The latter is consistent with the very

early life of the Mont Blanc detector.
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The dimensions of the GPC modules are fixed on the

basis of full detector dimensions and transportation pro-

blems: the feasibility of 20 ton blocks, 10x2.5x0.4 m 3 is

being studied.

GPC blocks would be equipped with electronics and

tested in the home laboratory, and then transported to be

piled-up in the underground laboratory. Various assembly

configurations are possible: vertical or horizonthal,cros-

sed or parallel.

5.3. Detection Features.

The granularity can be 8x8 mm2, roughly equivalent

on both views. Tracking capability with respect to the Mont

Blanc detector would be improved by thinning the sampling

thickness: O.2 instead of .6 r.l. In this case the average

detector density is~ 2 g/cm3. Time resolution is -*25 ns

for the single hit. That is confortable for the (K+, n*+)JA+-*-e+

decay identification, for which this detector actually

exhibits a high efficiency (>50$). For several meters deep

detectors, that resolution is sufficient to determine the

direction of flight of particles throughout the detector

(identification of muons from very high energy neutrinos).

Taking into account the fact that the quoted resolution

comes from a drift time distribution (no tails on the low

edge), and that a multi-hit pattern improves it, it is

worth of mention the possibility of getting the K+ •+•/*+

time signature (in connection with th e now popular p-»>K+V

decay),although with a limited efficiency.

For a more effective direction identification (p-

decay, neutrino oscillations), counters with —1 ns time

resolution could be anyway inserted in the concrete blocks.
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The problem is cost. Very promising in this respect is the

spark counter device (Resistive Plate Counters) being deve-
(12)

loped in Rome by R.Santonico

CONCLUSIONS.

Digital tracking calorimeters are instruments which

fit the requirements of neutrino and p-decay physics.

The streamer mode makes possible to conceive sensi-

tive surfaces unaccessible to standard wire systems, with

fine calorimetric performance in a wide energy range.

Plastic Tubes give a great flexibility in designing

readout topologies.

Plastic Geiger tubes look to be a promising instru-

ment, in view of very large scale underground calorimeters,

for which optimization of performance and cost is of crucial

importance.
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A NEW NEUTRINO DETECTOR

FOR THE SERPUKHOV ACCELERATOR

L.S. Barabash, A.A. Borizov, S.A. Bunyatov, I.A. Golutwin,
D. Kiss, A.I. Mukhin, S. Nowak, J.I. Salomatin,

V.I. Snyatkov, A.S. Vovenko, M. Walter. V.A. Yarba
(Berlin - Budapest - Dubna -Serpukhov Collaboration)

presented by S.A. Bunyatov

We describe the design and performance of a finegrained v>-detector
which will come into operation at the Serpukhov accelerator to
study iL' and vLa elastic scattering in a wide band beam and to
measure inclusive reactions in a dichromatic and in a % enriched
beam. This detector will also provide information on prompt neu-
trino production and on {? -* &l oscillation.

1. Tffft DETECTOR

1.1. General setup

A general view of the detector is given in fig. 1 showing

the two main components, the target calorimeter and the muon

spectrometer. The target calorimeter consists of 40 modules,

each module has the following structure:

- a plane of 10 horizontal 20 cm x 30 cm x 5 m liquid scintillator

cells

- two (z, y) drift chamber planes, 4.o x 4.5 m2 each

- a magnetized iron frame in which additional absorber plates

can be placed to increase the total target mass from 120 t pure

scintillator up to 200 t.

MUON SPfcCTROMETER
x.y-OC

TARGET CALORIMETER

1L scint.
counters

FIG. 1
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The rauon spectrometer designed for the momentum and charge

analysis of muons consists of 1ti modules, each having; a magnetized

iron toroid of 4*0 m in diameter and of x-y drift chamber planes

of 4 m each.

Between the target calorimeter and the Ai-spectrometer a

lead/plastic scintillator sampling detector is placed to identify

electrons and gammas produced in the back part of the target and to

measure their energy.

t.2. The Scintillation Calorimeter

A scintillation counter plane consists of 10 Al-containers,

5.0 x 0.3 i 0.2 m-5 sach, filled with a liquid scintillator on the

base of white spirit. The inner wallo of the containers are covered

with a transparent Dacroa film. This allows light transmission by

total internal reflection on the boundary between Dacroa and air

since the inner Al-surfaco is relatively rough. Both sides of

the counter ure viowod by photomultipliera .PEU-49 which havo a

photocathode of 150 nun diameter.

Fig. 2 shows the amplitudes A1, A2 and their sum A1 + A;i

meanured in dependence on the coordinate whore minimum ionizing

conmic muons passed thrtjiKfh the counter. An attenuation length of

\ -• 2.25m was obtained for distances up to - 2ra from the counter

centre. The oum of both amplitudes corresponda in average to

about 450 photoeloctrons per minimum ionizing particle.

The In A1/A2 representation in Jb'lg.3 shows a linear dependence

and alJ.own to estimate the particles coordinates with an accuracy

of - 11 cm. The hadron energy resolution of the t«rg«t calorimeter

3.4
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was estimated using Monte-Carlo calculations!
er(B)/E - (30-40 %)/ BH(0e?)

The fine sampling of scintillation counter and drift chamber planes
guarantees a good angular resolution!'

A 6 /mrad? - 40 + 200/fcg (SeT)

1.3. Drift Chambers
Two types of drift chambers vita signal elements of 4 signal

wires for the coordinate measurement of particle trajeotories hay»
been developed and testedt
(i) for the target calorimeter» chambers with a sensitive region

of 4 x 0.5 m2 and a drift space of 25 on ft]
(il) for the #u-spectrometer, 4 x 2 m2 chambers and 12 cm

drift space.

Fig. 4a shov.s a schematic diagram
of chamber type (1). A more detailed
view of the signal element gives
fig. 4b. The small shift of the four
60/Urn signal wires from the symme-
try axis solves the problem of left-
right ambiguities.

The chambers work with a secure
gas mixture of 94 % Ar and 6 % CO».
Test measurements gave the following
character!sticst
- length of counting rat* plateau

«150 V
- space resolution 0.4 - 0.6 torn
- multitrack detection» if the

distance between tracks
is > 3 mm

- good detection efficiency for tracks
with angles <• 70°

- 99.5 % efficiency for the resolution
of left-right ambiguities.

a> #CP <MI (MrtnMt «taw

i

of «gnal w t « V*

PIG* 4



1.4. The Muon Detection System

For a Inqfily efficient rauon detection the system consists

of two parts (see fig. 1) - (i) magnetized iron frames surrounding

the target calorimeter modules and (ii) an end muon spectrometer-

which have the following characteristics:

and a window(i) 40 frames with an external size of 4.5 x 4.5 m'

of 3 x

2

3 m^J the detection efficiency for rauons is 90 %, the

energy resolution is &S/Et1 a 15 - 25 %f the angular reso-

lution is AQ = (10 - 30) mrad /P(GeV/c).

(ii) 18 magnetized iron toroids with a magnet field »f 1.92 T in

the centre and 1.5 T. at the periphery, interspersed with x, y

drift chamber planes; the momentum resolution is

1.0

X

0.5

Pig. 5 shows the acceptance of

the yu-detection system for the

x and y variables at JÊ  = 10 GeV„

The smooth (dotted) lines indi-

cate the limits of x - y accep-

tance with (without) the mag-

netized iron frames for 50 %

efficiency of AX - detection.

1.5. Electromagnetic Shower Detector

Electromaenetic cascades are rather

lony (up to 4 m) in the liquid scintillation calorimeter.

*n 11 radiation length deep e~/̂ f detector plane at the end of

the turret calorimeter improves considerably the fiducial volume

for \> e - scattering. It ia further indinpenaable for the

detection of gammas and electrons from v̂  H intHraetiomi. The

detector is a wall of 10 horizontal cello. Kuch cell io 3«6 "'

long, 19 cm high and 20 cm deep and consists of a sandwich of

12 4mm lead and 10 nun plastic acintillator aheetn. It ia viewed

by two photomultipllöro FJSU - 49. Calibration meaHuremento with

90 cm and 100 cm long test modules were performed in an « , n -n>>

hndron beam at energiea between 1 and 5 GeV [2j. The energy

resolution for electrons was obtained to be

14.*//K2 (GeV).
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2. THE HEUTRINO BEAMS
The installation of the booster which will come Into

operation at the end of 1963 will
yield a proton intensity of (3 - 5)«1O13

protons per pulee. This allows high
statistics experiments with the ex-
isting V and V wide band beams.
The V - beam spectrum is shown in
fig. 6. There are further proposals
to install a dichromatic beam p j
with a I^ifc) / £ ( K) »tio of
about 100/1 and to build a {£
enriched beam with neutrinos from
the K? - decay [4J«

The corresponding spectra of the
proposed neutrino beams are shown
in figs. 7 and 8.

DICHROMATIC tt-BEAM

V %. ft» >L-SPECTRA FROM Kf-DECAY

» is 5 s — » — S

PIG. 7 710* 8
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The main features of all \> - beams are summarized in the

following table.

v> -Intensity

BEAM m * 10 ^proton m J2->-1

vide Band

Dichromatic

p(rr, K) .
8 GeV/c

from lu - decay

5- 6
6

3.5
7.5
3.5
7.5
10

12

7.5
12

7.5

1640
594
13.
0.1
10.
0.07
1.

3. PHYSICAL MOTIVATION

3.1. Introduction

The combination of liquid scintillation counters interleaved

with drift chamber planes and the high muon detection efficiency

forms a device best suited to study the pure leptonic process

y e -+ v£ e (i)
and to test the validity of the standard niodel. As a byproduct

exclusive reactions as

(2)

(3)

(4)
are measured in the wide band beams with rather good statistics.

For the study of inclusive processes the fiducial mass of

the detector can be increased by Al-absorber plates. The excellent

properties of the proposed dichromatic \L - beams allow us to

perform precision measurements of the total cross sections of

the processes

(5)

(6)
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in the energy range J< £^ «: 30 GeV. Furthermore, a detailed study

of NC and CO structure functions and a search for ^ —• i£

oscillations is possible.

In the proposed vïfc enriched beam inclusive v̂  interactions

££ N -* &X (7)
£'/y _> vi'/y/ (8)

can be measured for the first time with good statistics at

high energies.

It is also planned to perform beam dump experiments to study

the properties and the origin of prompt produced neutrinos.

3.2. Elastic Scattering in the Wide Band Beam

a) vV &• —* P.. &• scattering

The kinematics* of elastic »£.« -scattering is characte-

rized by a small angle of the recoil electron

GJ * 2 me (VBe - 1 ƒ•„ )

The large fraction of sensitive material between adjacent drift

chambers (16 g/cm2 scintillator to 3 g/cm A1, corresponding to

about 1/3 rad. length) and the space resolution of the drift

chambers guarantee a good measurement of the electron trajectory.

Honte-Carlo simulation predicts the following accuracy for the

electron angle

A 9 » (2 + 10/E(GeV)) mrad

and shows, that the e~/f and e'/hadrons discrimination properties

of the proposed target calorimeter suppress drastically background

reactions of the type ^F ~~ fr»lt X and \Lf> —• £. t *»*

The influence of remaining background processes shows the

distribution In fig* 9* The expected

background-to-signal ratio is better

than 10 %. With a fiducial maBs of

40 t and an intensity of 3*10 •'ppp ~j-

it will be possible to detect £

"? x> a and

eoj-

5C •

40-

3 ? €. events per day.
z
4

IHEP MONTE-CARLO RESULTS

1«E«<SCcV

TTHTTm
EgO^ iMeVdeg]

PIG
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b) elastic VLP~ quasielastic scattering

IHEP MONTECARIO RESULTS

Ibcckgr.)

yin»
10 20 30 40 SD 6 0 7 0 8 0 9 0

PROTON RE COIL ANGLE Or Idegl

10

In the same exposure elastic neutrino

scattering (2) and quasielastic reac-

tions (3) and (4) can he measured with

high statistics. The result of a Monte»

Carlo simulation of the proton anr.ular

distribution from tf_o acnttering

and from the main background reaction

is shown in fie* 10.

Por angles Qp> 60° the expected con-

tribution from background reuctionn is

less than 3 %. Tho sensitivity of the

detector for elastic scattering amounts u>

about GO \) o and 30 P f> events pnr day.

3.3. Deep inelastic Scattering in the Dichromatic Beam

The increase of the target mas3 by adding a 0 cm

plate to each module provides a nearly complete energy dopooition

of hadronic and electromagnetic components of the shower. Apart

from energy measurements, the angles of hadronic and electromagnetic

showers are defined by the drift chamber planes. A measurement of

the inclusive GC reaction (5) in a beam with very good i>-eneryy

resolution allows a detailed analysis of nucleon structure func-

tions Fp (x, Q ) and x»F~ (x, Q ) end of the relation

FA
CC(*,Q2) - x-FSc(:

in the region 1 s? Q •&. 10 (GeV/c) . The advantages of the detector

capability and of the dichromatic beam lie in the possibility to

measure the x and y variables for neutral current events (6) and to

determine the structure functions i^G(x) and xF*|C(x). The expected

statistics for a one month etpouureOO11' protons on target) and a

fiducial mass of 80 t is given in the following table for the parent

beam momenta:
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Parent Beam

Momentum
GeV/c

<n>
A/ff>K)

Nffm

0

8
1

3
.8

.8

.7

8

•1O4

•1O 3

•1O 3

• 1O2

8 .

1 .

0 .

15

8.104

8.103

8.104

7»1O3

25

6i4'1O4

9.0«103

1.2.1O4

0.6*1O3

The number of NC-events ia approximately V 3 of the CC-statistica

given in the table.

t-\ t->
3.4. Search for vr —• VA Oscillations in the Dichromatic Beam

It is suggested to use the dichromatic neutrino beam at a meson

momentum of 8 GeV/c to study v̂ . —• vc transitions.

The special advantage at this energy is a very low flux of neutrinos

from ka-n decay ( y. (K) / Vr (a) z 0.P4 and ife (K)/^ (n) * 0.004
in the energy region 2.5 ~ £^>M ̂ 4.0 GeV). This small admixture of

vfe allows to set the following limits, on the î . -+. v, oscillation
2 - 4 2 2 2

parameters: sin 2e = 5-10 (90% C.L.) at large Am and of &m= 0.34 eV

(90 7o C.L,) at maximal mixing. The results should be achieved within

one month of running with 80 t fiducial mass.

3.5. Beam-Dump Experiment

5Jhe study of charmed particle production in pN-interactions

near the production threshold is planned in a beam-dump experiment

at 70 GeV proton energy. The same beam geometry will be used as in

the beam-dump experiment from 1977 f5]. At that time the ITEF spark-

chamber detector has measured a charm production cross section of

&C»ARM = 5Ï4/Ub. In the proposed experiment the search for prompt

neutrinos can be performed at a qualitatively new level, since the

fiducial mass of the detector will be about ten times higher and also

the intensity of the proton beam will increase considerably»
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CALCULATED *JN ENERGV SPECTRA

Mtodmuid «ram (C,K»*ooyl3nw)

FIG, 11

Fig. 11 shows the calculated energy

•peetrum of VA ̂-Interactions with vfe

from two different sources: (i) from

the decay of DD-pairs, (we have assumed

cross sections of 1 /Ub and 5/ub end a

branching ratio for semileptonic decays

of B = 0.1} and (ii) from the decay of

K~ and K° mesons giving the main back-

ground contribution. Por 10 protons

hitting the beam-dump target about

320 v>4N - background events and about

425 prompt t£ from DD decay (if 6" = 5/ub)

are expected. The experiment will be sen-

sitive for v£ from charmed particle

decay if S ^ , > At

3.6. Experiment in the Enriched \>t -Beam

The neutrino beam from KJ?-decays /4] contains V^.V^, ̂  and

\>s. with 1.4 times more electron- than muon-neutrinos. For one
19

month running with 10 7 protons and 60 t fiducial mass we expect to

measure 4*10^ CC \faM events (7) and 0.9*10^ NC v£ N-eventa (8).

It has to be emphasized that there is no possibility to

distinguish (1) between i£li- and £N-CC reactions in our detector

and (ii) between the four HC reactions ^ N and vH in general.

But since there is very few information about vjs scattering,

the following investigations seem to be rather interesting:

(1) to measure the sum of total CC-cross sections 6"( t£.H) and

&( v^ H) in the energy range 3 s1 Bv Ê ,., 30 GeV

(ii) to estimate ,the CC-structure function F^*-N (x,. Q ) and to

it with F J P N (x, Q2)
(iii) to estimate the vjtf HC oross section by subtracting the{/̂ . contribution which can be measured in the dichromatic beam
(iv) to test yw« universality; we expect to detect deviations from

universality at a level of 10-15 56.
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Abstract

A proposal for a high intensity national neutrino facility which will
make use of the low duty factor intense beam from the Proton Storage Ring
at LAMPF is described. Intense high purity beans of vy and Vy from pion
decay in flight as well as beams of VU,VU> and Vfi from a beam stop will be
provided. A broad range of neutrino physics in both nuclear and partielp
physics can be addressed at this facility.

In January, 1982 a proposal to build a high intensity national neutrino

facility at the Los Alamos Meson Physics Facility (LAMPF) was submitted to the

Department of Energy. The proposal is based on the recommendations of a

neutrino workshop held at Los Alamos in June, 1981 and on a proposed

experiment to search for neutrino oscillations (LAMPF Experiment 638 )•

The facility will make use of 200 yA of 800 MeV H~ beam from LAMPF

which is deflected into Line D (see Fig 1). This beam can either be injected

into the Proton Storage Ring (PSR) or can be multiplexed to provide 100 uA

to a neutron production target on line D and 100 VIA into a parallel neutrino

beam line to a neutrino production target. LAMPF beam pulses into Line D arc

500 |jsec long at 24 Hz. If injected into PSR, the pulses are bunched and

ejected from PSR as 270 nsec long pulses at 24 Hz at a peak current of 25 A.

100 UA of PSR beam can then be multiplexed into Line D and 100 (jA into the

neutrino beamline.

The beam is focussed onto a 40 era long, 3cm diameter pyrolytic graphite

target. Pions produced in this target will be focussed into a decay channel

by either a DC split dipole magnet or a born pulsed at 12 Hz. The decay

channel is 4ra across and the target can be moved to provide a
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variable decay length from 0 to 30m. The decay channel is followed by 9m of

iron shielding in front of a large detector building. For experiment* using a

beam stop production target at the end of the decay channel, there is a

detector building at 90 from the proton beam direction with 6.3m of iron

shielding between it and Che beam «top. For experiments searching for

neutrino oscillations, detector buildings are situated at 200m and 3800m from

the production target»

Flux calculations have been carried out by Honto Carle using input from

measurement* we have mtie of positive pion production off carbon and

includes energy loss and absorption of the protons and pion* and multiple

scattering. The flu;» calculation results are given in table I. The purity of

these beams is also high, with a calculated contamination of V (\î ) in thr

V (v ) beam of 0.005 (0.09) and a contamination of v in the

v„ beam of 0.001. \

We have proposed a detector for this facility, a detector which is capable r

of addressing some of the proposed physics. The design of the detector is

based on its capability to search for neutrino oscillations and to measure

V -e and V -e elastic scattering and has very fine granularity to

math the low energie* involved. The detector, a* shown in Fig. 2, consists of

layers of 1 cm thick aluminum plates interspersed with alternating layers of

x and y proportional drift chambers (POC) to provide tracking information.

The PDC thickness is 1 cm with 1.5 cm drift distance. Ev«ry fifth layer of

PDC is replaced by 2cm thick acintillator. Each module consists of 4 - l/2cm

thick aluminum plate*, 2x and 2y PDC'*, and a «cintillator plane. The total

detector consist* of 271 module* 5m on a side and i* 22m long with a total

mass of 500 tons. An active anticoincidence shield surrounds the detector to

provide rejection of cosmic ray background*. Table II give* pertinent

information about the detector.

Neutrino oscillation* will be searched for by a collaboration which

has already received LAMPF PAC approval. The channel* to be investigated

are v •* anything and v -»v . These experiment* will use a 20 ton

detector of dimension* lm x In x 22m at 200m from the production target to

normalize the experiment. The 500 ton detector will be at 3800m. This

arrangement eliminate* «evcral systematic effect*. The sensitivity of these

experiment*, which is shown in Fig. 3, is an ordar of magnitude better than

* . . •
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any other proposed experiment to date. This is due to the lo« iiRulrin"
er>ergy. high beam purity, and high intensities available at thin fncility.

If oscillations of v are observed, oscillations of v will also

he sea/ched for at somewhat reduced sensitivity as a test of CP violation.

The very fundamental process of muon neutrino - electron elastic

scattering can also be studied with this detector. Event rate* for v - e

and \j - e scattering are calculated to be approximately 6 and 1.3

events/day respectively with a signal to noise of better than 100 to 1.

An accurate measurement of the Weinberg angle can be made from the total

V -e and 3 -e total cross sections a and 5 from the relation

U - 5

o • ö 1-4 sin* (1)

The spectra of the V and V flux can be adjusted tc overlap one

another by adjusting the focusing dipole or horn current and the use of

appropriate beam plugs. Thus, only the amplitudes of the v and

V fluxes enter into the above equation. We believe that the ratio of

v A> fluxes can be accurately determined by measuring the

charged current reaction V. C •+ W N and \» C + V B
12

to bound final states by observing the subsequent beta decay of N nn>l

B. Thus, we believe an 8X measurement of t'ne relative cross sections is

possible. This translates to a 2-3% determination of sin 8 . Such

accuracy provide* a test of different grand unified field theories whic'i

make prediction* for correction* to «in 6 which differ at the few
w

percent level.

Furthermore, a determination of the y distribution will be possible in

V -e and V -e scattering with this detector. A measurement of

the y distribution provides information about the coupling constant* of tl>«
weak interaction. The differential cross section for v -e elastic

scattering is

% " C2Me/ 21T • 2 B^l-y) •

2 2 2
whert Ay - (V*A) + 1/16(S+P) • l/16(S-P-4T)

By - T2 - 1/16(S+P)2 - 1/16CS-P)2 - 0 (3)
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C - (V-A)2 + 1/16(S+P)2 + l/16(S-P-4T)2 -
U w

•nd Aand C «re interchanged for v -e scattering. The middle column of Eqt. 3

include scalar, pseudoscalar, and censor coupling* while the right hand column

gives the predictions of the Weinberg-Salam model. The average energy of 150

MeV is ideal for this experiment since it is high enough that multiple scat-

tering does not completely wash out' the angular information while the neutrino

energy is also low enough that aubstantial showering does not occur and tht

recoil angles are large enough to allow a measurement with PDC's. The y

distribution can be determined from measurement* of the recoil angle 9

and electron energy from E^ the relation

M

y X M - E <l-cose > ' (4)

e e e

With an energy resolution of 15% and angular measurements of 20-60 mrtd, y

can be determined for values above 0.5 with an accuracy of 20*.

A wide range of other experiments are possible at this facility. Some of

these are \>-p elastic scattering, V -D elastic and inelastic
scattering, v - He coherent scattering, and inelastic scattering to

12
specific nuclear states in C.

The proposed construction schedule calls for funding to begin in 1984

with completion of most of the facility by l«tt 19S5* The neutrino

oscillation experiments would be carried out prior to PSR becoming fully

operational in late 1986. Following upgrading of the PSR in early 1987, the

other experiment* deacribed above can begin.
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Dipole

(Current sign)

TABLE I

NEUTRINO FLUX CALCULATION*

Flux at Close Position I lux at 200 m

Decay Region • <E > • _ <EV>

i> (KeV)Diam(a) x L(n> (MeV)

r

no dipole

positive

positive

4 x 30

4 x 30

4 x 12 4.0x10* 150

0.3x10 130

2.OX1O5 170

l.OxlO5 170

negative

negative

4 x 30

4 x 12 l.Oxlo'v 130 0.3xl0*V

120

125

*AU values are calculated for a carbon target,. 3-cm diameter and 40-cm long.

Assumes 100 wA-proton current on target; all fluxes are integrated for Ev>60 MeV.

**The close position for neutrinos is at 21 m and with a pion decay channel

length of 12 •• The »nti-n«utrino flux is quoted at 19 t> for a decay

channel of 10 •• Th«ae values nre discussed in the text.

TABLE II

Detector Components and Parameters

1) 1084 Aluminum plates - l/2cm x 5m x 5m

2) 271 Scintillator planes - 5m x 5m
Each contains A - 2cm x 2.5m x 2.5m acrylic scintillator slabs with
1 - 5" photomultiplier

3) 271 PDC Modules - 5m x 5m
Each module contains 4 - lem x 5m x 5m proportional drift chambers
wire spacing: 1.5cm - alternating $en»e wires and cathode pickups
Gas mixture: 80% Ar - 20% CO2

1 mm spatial resolution
%20 mrad angle resolution per nodule

Avg. density * 0.91 gm/cm'
366 tons aluminum

Size • 5m x 5m x 22m
136 tons scintillator
Avg. radiation length • 38cm
Avg. dE/dx - 1.6 MeV/cm (minimum ionising)
Avg. gamma convertion length " 49cm
X electron energy deposited in ecintillator • 302 (Vicible total energy)
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STATUS OF THE CERN LEP PROJECT

G. Plass
CERN, Geneva/Switzerland

1. Overview

The proposal to build a large e* storage ring as Europe's next instrument
for elementary particle physics was first published in 1977 and the main stages
of development this project has undergone in the meantime are summarized below.
The most important milestone is no doubt the approval by the CERN Council in
December 1981 of an initial construction stage called LEP Phase 1. This is
an e± storage ring of 26.6 km circumference to be built in the area straddling
the Swiss-French border near the CERN site^ (fig. 1). With a top "energy near
60 GeV, the maximum luminosity of about 10 cm" s" will occur at SI.5 GeV.
With the nominal 4 bunches, there are 8 crossing points, but experimental
caverns will be built only in four of them in Phase 1.

The existing proton synchrotrons will be used as injectors. The e± beams
will first be accelerated to 600 MeV in an electron linac, transferred via an
accumulator ring to the CERN PS where they are accelerated to 3.5 GeV, then
accelerated to about 20 GeV in the CERN SPS, and injected into LEP (fig.2).

April

August

August

June

Early

End

March/
Apri 1

1977

1978

1978

1979

1980

1981

1981

1982

KEY DATES OF TIE LEP PROJECT

Design concept for a ]00 GeV B*E" Storage Ring (LEP)
- circumference 50 km CERN 77-14

ECFA chooses LEP and proposes CERN as site

15 to 100 GeV LEP
- circumference 22 Ian CERN/ISR-IJGP/78-17

25 to 130 GeV \EP

- circumference 30.6 km CERN/ISR-LEP/79-33

Formal proposal to the CHRN Council
to build LEP Phase 1

High tune lattice (90° phase advance)

25 to 125 GeV LEP LEP NOTE 289
- circumference 26.6 km

Qioice of the final location for LEP IfP NOTE 347

CERN Council approval of LDP Phase 1

Environmental impact study submitted for a machine
up to 100 GeV beam energy and ISO MW power consumption.

Tenders invited for - civil engineering
- di poles
- klystrons 1 W c.w.
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A cross section of the LEP machine tunnel is shown in fig. 3. Fig. 4
shows the lattice functions. The main parameters for Phase 1 are given in
tables 1 and 2.

LEP is viewed as an evolving project. The construction permits currently
requested from the Host States are for a machine designed to cover the energy
range from 25 to 100 GeV with luminosities in the range 10 to 10 cm s .
Its power consumption, about 70 MW initially, shall not exceed 150 MW, and
the number of experimental areas may rise to six.

2. Development potential and experimental facilities

2.1 Energy increase

It is easily seen that the size of the machine has been chosen for a top
energy'higher than in Phase 1. Below the energies are listed which can be
attained in successive stages of increasing RF power and with two -assumptions
about the iccelerating gradient which superconducting RF cavities may be able

POTENTIAL ENERGY INCREASE OF LEP

Installed RF Power

Length of RF Structure

No. of Hxp. Areas with

tax. Energy (zero
luminosity)

Ace. Gradient

VM

m

RF

ficV

W *

Room Temperature

16

271.S

2(partial)

59.0

1.47

24

407.2

2(full)

65.5

1.47

RF

48

814.4

4(fuD)

76.0

1.47

Superconducting RF

48

814.4

«(full)

92

3

48

814.4

«(lull)

105

S

to sustain. Whereas a betatron phase advance per lattice cell of 60 is chosen
for Phase 1, a stronger focussing with 90° phase advance, is envisaged for higher
energies, (cf. table 1).

The possibility has been discussed to install acceleration cavities in
all eight intersection points, raising the energy to 93 GeV with normal
RF cavities or to 125 GeV with 5 MV/m gradient in superconducting cavities.
This, however, will require major modifications of the machine and all
the infrastructure and is not part of the present plans.

2.2 Current and luminosity limitations

The luminosity is for flat beams given by

I Y

2 e

where I is the current (equal in both beams)
Y is the usual relativistic factor
AQ is the Lcam-bcaiTi time shift

B is the vertical lattice function
^ at the crossing
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It is at present well established that the limit of AQy is near 0.03,
rather than 0.06 as hoped for some time ago. This value is the maximum
achieved in existing storage rings and has, more recently, also been verified
by computer simulation. The technical limit of 8V for LEP is expected at 0.1 m
or somewhat below (cf table 2). Thé beam current is limited by turbulent
instabilities excited by the interaction of the beam with the surrounding
medium, which are strongest at injection energy. The instability threshold
is estimated to lie at about 3 mA. Inserting these values into equ. (1), one
obtains

31 _2 _1

L = 10 an s

This luminosity value should of course not be taken as one to be achieved
at start-up. As usual, it will take quite some time to understand the machine
so well that it can be attained. It also corresponds to the present state-of-
the-art and one sees no major luminosity development potential, except perhaps
for a factor of two or so.

2.3 Experimental intersections

It is planned to provide in Phase 1 four experimental caverns in points
P2, P4, P6 and P8, with the possibility for two additional ones in PI and P5.
The layout of a typical experimental cavern is shown in fig. 5, and an artist's
view of it in fig. 6. It is similar to the cavern built at the SPS in LSS4 for
the pp experiments and provides space for the assembly of an experiment in a
"garage" position. Once assembled, the whole experiment is moved at once into
the beam area. **

The free space between the "low beta" quadrupoles nearest to the experiment
is given in table 3 as ± 5m, corresponding to a vertical beta-function of O.Lm.
Design work is currently underway in order to define the practical minima of
these values which can be achieved. In order to preserve a high degree of
symmetry in the machine, it is envisaged to provide the 4 experimental crossings
with identical lew beta insertions.

2.4 e-p option

An experimental cavern in PI may be of particular interest: the position of
LEP with respect ot the SPS has been arranged in such a way that the protons
from the SPS can be brought to LEP PI through a by-pass replacing one-third of
the SPS, so that e-p interactions can be observed there (fig-7). The by-pass
is so designed that protons of about 280 GeV, the maximum energy that the SPS
magnet can sustain continuously, can be brought down to LEP.

2.5 Polarization

Recent theoretical and experimental work has strongly enhanced the con-
fidence that polarized e* beams can be obtained in LEP at about 50 GeV. In
particular, polarization in the range of 651 to 801 has been consistently _i
obtained with colliding beams in PETRA at luminosities up to 4 x 10 cm" s"
For LEP it is expected that the polarization time can be decreased to about
2 hours witJi the help of wiggler magnets and it appears that the requirements
on the closed orbit correction to avoid depolarizing resonances, can be met at
least with a lattice of 60° phase advance. Preliminary design proposals for the
spin rotators necessary to obtain longitudinal polarization in the interaction
point, have been worked out.
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3. Some essential techn i ca 1 CODSjderat.ions

It is impossible in a short time to justify all design choices of 1.1:1'.
This brief review will deal with those issues winch are most directly influenced
by tlij large power which electrons lose due to synchrotron radiation on a curved
path.

n i
I' = k where E is the beam energy

p
R is the bending radius (2)
I is the beam current

At the energy in question, many megawatts of synchrotron radiation power
are at stake, which are expensive to produce, to dissipate and to shield. In
addition, the X rays are destructive where they escape the load shield.

3.1 Size and position

As increasing the machine radius is the only possible defence against
the overwhelming rise of the synchrotron radiation jiowcr, the "largest possible"
machine must be built. The size chosen permits (cf. section 2.1) to attain the
energy necessary for Z° and W physics according to current theory, and its
realization appears possible from the engineering point of view.

The positioning of the machine is largely conditioned by its size and the
constraints of the geology of the area: The underground rock which supports
all existing G:RN machines is a molasse which is stable, dry and makes the
drilling of a tunnel easy. This molasso rock is bordered in the West by the
Jura mountain range, and in the Hast by an underground valley under Geneva
airport, where the moraine cover readies a thickness of more than 100 in, both
of which hail to be avoided as far as possible. The requirement for a later
implementation of e-p interactions imposes, in addition, rather stringent con-
straints on the geometry of the ensemble I.BP-SI'S. These considerations essen-
tially lead to the compromise position shown in fig. 1 with about 85°b of the
circumference in molasse and 15% in Jurassic limestone.

In order to keep the depths of the shafts to a minimum, it was necessary
to incline the plane of the tunnel by l.S% as indicated in fig. 8. They range
now between SO and 140 m in depth.

3.2 Pi|loIe magnets

The dipolc magnets which must be placed along the entire curved part of
the circumference arc amongst the most costly items of the machine. Over
3300 dipolc cores of nearly 6 m in length, totalling almost 20km of magnet,
are required for l.F.P. On the other hand, the large machine radius, imposed
by consideration of the synchrotron radiation power at the top energy, Jc;nls
to very low magnetic inductions: at injection energy (20 GcV) about 210 G and
at 100 GcV about 1050 G.

The low carbon steel normally used for accelerator magnets docs not show
any saturation below 10 kg induction, and that Jed to the proposal to dilute
the steel with some non-magnetic, cheap material. The steel laminations are
being interleaved with layers of suitable thickness of the filler material, (or
which concrete was chosen. The dipolo design is shown in fig. P, and one ol tli''
prototype magnets in fig. 10.
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3.3 Acceleration system

The RF system must make up for the synchrotron radiation loss. 16 MW of
radiofrequency power arc ncccssaiy in Phase 1 and the power requirement will
increase as shown in Para 2.1. This large Hi; power demand has led CHUN to
si iinuj.-jti: industry to undertake the development of highly efficient, very high
power klystrons. To date, two prototype 1MW c.w. klystrons have been received
with an efficiency of about 64Ï (fig. 11).

In an acceleration system with room temperature copper cavities, a large
fraction of the RF power is lost in the cavity wall. In a large machine like
IJ:P whore only few bunches circulate, the accelerating field is required only
rather rarely and for a short time when a bunch passes. This has led to the
devclojwient of a system of coupled cavities, where the energy oscillates between
the accelerating cavity and a high-Q storage cavity (fig- 12), whereby the
losses are reduced to 65$.

Superconducting acceleration cavities are the only way to achieve the
ultimate energy level of LEP. Therefore, a long term development of such
cavities has been undertaken in collaboration with other laboratories. Progress
is very promising: .in April 1982, a superconducting 500 MIz cavity, built at
Karlsruhe lias been used to store 2 mA of electrons at 5 GeV in P17TRA (I)ESY)
and a set of 1500 MIz cavities was tested in CBSR (Cornell), storing 7 inA of
electrons at 3.5 GoV. The CERN group is currently preparing a 500 MIz five-
cell structure for testing in PETRA early in 1983.

3.4 Vacuum system
_9

The LRP vacuum system is designed for an initial pressure of 2.10 . Due
to the continued bombardement by synchrotron radiation the pressure is expected
to drop to a value near 2.10" torr/mA beam after about 1000 hours of operation.
Non-evaporable getter (NEG) pumps, located in a chamber parallel to the beam
vacuum chamber (fig. 13) will be used as the magnetic induction in LEP is too
low at low energies to sustain distributed ion pumping as used in other machines.
The NEG pump needs an initial conditioning at 700°C. When the strip is beginning
to saturate, it can be reconditioned at 400°C, whereby the absorbed molecules
migrate into the bulk of the strip. Fig. 14 shows the decrease of the pressure
in a prototype 1J:P vacuum chamber installed in PETRA for several months and
which was reconditioned a few times.

The synchrotron radiation emitted by the beam must be absorbed as near as
pos"iblc to the source, i.e. in the wall of the vacuum chamber, in order to
protect other machine components. Lead cladding of the aluminium vacuum chamber,
as shown in fig. 13, is therefore envisaged for LEP. The development of a reliable
tight cladding technique proved quite difficult, but recently satisfactory test
sections have been obtained by soldering pre-cast half-shells onto the chamber.

4. Status and outlook

The development of some of the key machine components which was started
two years or more ago is well advanced and a number of invitations to tender
have already been sent out to industry. The design work on the very considerable
technical infrastructure that is necessary for this machine has been allocated
and progresses well.
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A final campaign of geoclectrical -.nensurcments and test borings wns lnunched
in critical places along the final tunnel position, in order lo locale with
precision the top molasse level. The reconnaissance gallery which was started
at the end of 1980 has reached its future intersection with the LI)P tunnel and
was stopped there. The tunnelling machine went throught the molasse/limestone
interface without major problems. One local fault carrying water under 9 bar
pressure caused alarm, but it could be drained and crossed quite easily.

The tendering for the civil engineering work is under way and we expect
to adjudicate the first contracts before the end of the year. The sizeable
documentation necessary for the environmental impact clearance in one of the
Host States was submitted in March and it is hoped to obtain the construction
permit in time for the tunnelling work to begin early in 1983.

The parameters of the long chain of injectors - two linacs, an accumulator
and two synchrotrons - have been thoroughly scrutinized and the final scheme,
taking account of intensity and density limitations at the various steps, has
been designed. A contract was signed with the Laboratoire de l'Accelerateur
Lineaire at Orsay (France) for the joint design and construction of the injector
linacs, size and lattice of the accumulator have been chosen, and well defined
projects are in hand for the necessary additions and modifications to the CUKN
proton synchrotrons.

In conclusion, one can say that at the present moment - June 1982 - the
LEP project is gathering the necessary momentum for a speedy execution. CERN
still lias to solve a number of difficult problems of staff and budget re-
allocation, and to arrange for a healthy co-existence of this huge project with
the on-going physics programme within a constant staff and'budget envelope.
We all hope sincerely to finish this project soon enough for physics experiments
at LEP to start up early in 1988.
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TABIJ1 1

GIHEKAI. Lr.l' j't lASE I PAHAHF: iCRS

(including füig i t ta i n dipt/Ier.) 25650.871*3 m

Avni-jstjo rudiua • 4242.892'! in

Minimum diamelur 0.406 km

diniiiut<;r 0.526 km'

rndiua 3099.209$ m

I» rrc(]iiciiRV 352.2091 KHz

Hiivnli i l ion t-iiwo OH.92/C4 |is

llurninip.c niimhiir 31320

No. of' biirich^u |n:r bnam *

No. of interneet ions . 8.

r.qu.ip!>uc! i;xperim>;n«aJ Aren» (»>2,IV()IY.,H)) '«

»l«r.i*cmtwl/V.;rt irf l l fl value!» ül. l .P . 1.60/0.10 m

Tn:>l.ulli:tl P.K fjower (inP2 nnd IY.) 16 UW

Anlivo HF strncl. i iro length 272.30 m

it i jot l .Jon cnorqy 20 (ïc;V

Tncrgy ;il. maxiinuin ] iindnou.il.y 51.5 BuV

nncrtiy (zero boni» cui-nsrit) —60 GcV

l bc to t run wsive

Vertlcnl " « "

Momentum coaip:ict.ion fmiLor

UnooiTuctml hori.z. nlinimat i c i ty

" vort. "

l'nnrgy voriolion of tmrizoiiLnl
d;nnp.inn p.-n I il.ion

60**/period

50.35 i 2

66.2 i 2

3.905x10"

-110.04

-176.6

-712.5

90°/period

90.35 * 2

9A.2 * 2

1.929x10~h

-157.69

-216.40

-379.9
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TOJBLB 2

, INTERACTION REGION PARAMETERS

The minimum free space between ((uadrupoles and the 0 functions are still
under study.

Over-all insertion length . 77.819 m

Free space between quadrupoles ±S m

Crossing angle Q degree

Horiz. e-function at I.P. 1.60 m

Vert. " " " " 0.10 m

Dispersion 0 m

Horiz. rms beam radius at I.P. 297 wn
(design coupling)
Vert, rms beam radius at I.P. 118.6 um
(design coupling)
Horiz. rms beam radius at I.P.
(full coupling) 273 wn

Vert, rms beam radius at I.P.
(full coupling) 39.4 wn

Assumed beam-beam tune shift 0.03
3 1 _J2 - 1

Luminosity at 51.5 GeV 1x10 cm s

Assumed current 3 mA
n

" particles per bunch 4.17 x 10
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FIG. 3. Tunnel Cross Section
03.6 m.
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Ron Prototype IMW Klystron
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IHEP ACCELERATING-STORAGE COMPLEX

(status report)

L.D. Soloviev, V.A. Yarba*

Institute for High Energy Physics, Serpukhov

ABSTRACT**

The IHEP accelerating-storage complex ia a 3 TeV

superconducting proton synchrotron in which the

possibility to create colliding beams has beer» forseen.

This is a two stage accelerator. The first stage

accelerates protons from 70 GeV to 400 GeV. The second

stage-a superconducting accelerator-accelerates

protons Prom 400 GeV to 3000 OeV. The total length

of the accelerator is 20772 m. The maximum magnetic

field strength for 3 TeV is 5 T. At present investigations

are being carried out with 1 m and 6 m models. The max-

imum field attained in 1 m dipole is 6.23 T. A first 6 at

sc magnet has been manufactured. After some training

the current values coinciding with the measured current

in short cables has been achieved. The measurement» point

to high mechanical stability of the structure.

* Presented by A.M.Zaitsev (ITEP, Moskow)

**The full report will be presented at the XXI. Inter-

national conference on High Energy physic», Paris,

Duly 26-31, 1982.
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CONCLUSION TALK AT THE INTERNATIONAL CONFERENCE
"Neutrino - 82"

Balatonfured, Hungary, 14-19 June, 1982

V.M.Lobashev

My leoture was not supposed to be a formal summary of the con-

ference but there are mainly some remarks, those mirror my personal

response to the soientlfio situation presented at the oonferenoe.

At first I would like to note that the topics which were con-

sidered at the conference include almost all hot problems of ele-

mentary particle physics. Many exellent reviews, partially overla-

pping, illuminated these problems, so there is no need to point

out all the important aohivements of experiments and theory* There-

fore, I will try to give some brief oritical oomments of the main

topics.

The main subject of the oonferenoe is neutrino* According to

the Prof. P.Reines is remark in the oonolusion talk at the Hawaji

conference the neutrino instead of being an "elusive" partiole be-

comes a "pervasive" one* This is really so and even more* In some

experiments neutrino is now also an "interfering1' partiole, that

is the souroe of background. It is especially important for the

first topic to which I would like to proceed - the proton decay

experiments.

Proton deoay

It is obvious that a search for incontrovertible proofs a exi-

stence of the specific phenomena of great unification theory la a

matter of the greatest importance.
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Various variants of GUT give a base of unification of isola-

ted worlds of electro-weak and strong interactions and of barlona

and leptons. It is also the base of various scenarios of Origin

9f Universe. In spite of the undoubted success of the description

of low energy phenomena, there is a lack of direct evidences of

validity of the GUT approach up to now. The proton decay playa a

very important part in this game. The discovery of proton decay

independently of any specific theory would manifest a universali-

ty of various kind of fermions (barions and leptons) with respect

to some new kind of interaction. It is obvious also that the ex-

ceptional importance of proton decay discovery makes the proof of

this fact to be a very uneasy task.

There were presented three reports about the experiments on

a search for the proton decay at the conference. In the report

presented by Dr. Miyake the results of experiment of Kolar Gold

Fields group were described, which now caused great exitation, as

the authors announced the observation of at least three events

ascribed to the decay of proton.

Golar Gold Fields group is well known as a pioneering experi-

mental group in the construction and operation of highly sophisti-

cated deep underground detectors. They are working at a depth of

7,6 km of water equivalent at cosraio muon background of about 0,5

muon/day in the experimental set-up* The deteotor used by KGP gro-

up during the last few years comprises a calorimeter with layers

of proportional counters (of 10x10 cm cross section) interleaved

by 1/2 steel sheets. The total weight of calorimeter is 150 ton

of steel. In this device there were observed about thousand of mu-

on tracks, a few tens of the atmospheric neutrino events and six

events, which are regarded as the candidates for proton decay. »
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Three of them are linked to the end layera of oounters, but another

three seem to be isolated by a few layers of oounters inside oalo -

rimeter and are oonsidered to be the true proton deoays* If taking

these events, the time of experiment and a mass of fiducial volume

of oalorimeter of 60 ton, the proton decay time would be about

7.1O30 years.

However taking into aooount a limited amount of information

about each event due to relatively rough structure of the oalorime-

ter, one has to be very oareful about the firm interpretation of

these events. An energy deposition and especially the sense of dire-

ction of emitted partioles and showers are strongly dependent on the

hypothesis accepted by analysis. The neutral current neutrino events

is the natural source of background in proton decay experiments and

this background should be oarefully analysed before making the final

conclusion*

Another report about proton deoay experiment " N u s e x "

which is now being carried out under Kont Blano was presented by

E.Florin!. "Nusex" comprises much more fine-grained oalorimeter

(1 cm jö of counters, 160 t total weight). Some part of total set-up

was irradiated on the neutrino beam by neutrino spectrum similar to

atmospherio neutrino one.

Some of the events recorded in the test run proved to be alike

the isolated tracks in KGF experiment* It is oertainly not a proof,

but an indication of possibility of misinterpretation of the expe-

rimental results*

The 10 days run of "Nusex11 gave a lower limit for the proton

decay corresponding to^2.10^ years, so the futher running may

produoe very important information.

The 7 kilotonn water Cerenkov detector of IBM collaboration
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ie now under final preparation, as it was reported by P.Reines.

The other huge experiments of multikilotonn size are now in

progress.

Anyway the searoh of the proton decay in 'the vincity of/-10^

years has demonstrated already a necessity of use of very sophis -

ticated detectors unlike the first steps around rJ10 years.

The phenomenon, which is searched for, is too important to be

recognized without strong criticism.

Neutrino mass

No new data on electronic neutrino mass was presented at the

conference. The ITEP experiment on tritium P-spectrum measure-

ment is still only one indicating nonzero v mass. This experi-

ment is now being continued after some modification of the experi-

mental set-up. There is no doubt that the sensitivity correspon -

ding to neutrino mass of about 10e / 2 is on the boundary of the

present experimental technology, therefore besides of criticism an

independent verification of this experiment and a search of new ap-

proaches is necessary.

A few new projects of tritium experiments were presented at

the conference* In spite of the excellent ingenuity of the projects

it is worth-while to mention that all of them do not promise a sig-

nificant improvement of sensitivity but only some partial ameliora-

tions.

Another approach, suggested by A. de Rujula, is based on the

internal bremsstrahlung spectrum measurement in electron capture pro-

cess. The measurement of proton spectra seems to be less vulnerable
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with respect to some interfering effects in comparison with electron

spectra measurements, but it is necessary to find a suitable isotope,

which has low enough end-point energy of proton spectrum and could

be produced in sufficient amount.

The first steps in this direction were reported here. The proper -

ties of isotope % o were investigated at KEK (Japan) and CERN. Q,-

value of electron capture for this isotope proved to be 2,3 - 0,15

keV.

The internal bremsstrahlung intensity is strongly dependent on

Q- , so that the change of Q from 2,1 keV to 2,3 keV changes the
A

intensity near the end-point energy by a factor of 10 . It mean3

that in the worst case the experiment would be quite impossible.

So a feasibility of this approach is being determined by avai-

lability of suitable isotope. Infortunately everybody, who tried

ever to select an isotope for some particular experiment knows that

in spite of availability of thousands of them there is usually lack

of the necessary one.

Massive neutrino is now passionately wanted by cosmologists.

As we have learned from Ja.B.Zeldovitch, the existence of our Galaxy

could be under heavy danger without existence of some massive (~>10-
eV the

-100 V C 2 ) and elusive particle. Unfortutately present situation

does not provide the firm experimental basis for such ideas.

An indication of the nonzero neutrino mass in the ITBP experi-

ment made more animated the neutrinoless double beta-decay search.

A few new experimental result? were presented at the conference.

They shift the lower limit of lifetime for the neutrinoleas double

ft-decay nnmotlmaa almost to 10' years ( Ge). Some new approaches
were also diftcunned. The prime goal of mont of this projects is to

23 24
achieve the docny lifetime of about 10 -10 years, that; is predicted
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by calculations based on the suggestion of Majorana neutrino with

mass of order of 10 e / 2.
c

At the moment the only positive evidence for the existence of

double f> -decay(mostly two-neutrino) ie known from geological inves-

tigations of abnormal isotopic abundance of the daughter nuclei of

82Se, 128Te and 130Te double $ -decay. In early published measure -

ments (Henneke, 1978) the ratio of 128Te and 130Te lifetimes

(~1,5.1(K) provided some room for speculations about possibility of

neutrinoless fe -decay admixture compatible with neutrino mass of
about 30 eV/„2.c

New measurement of this ratio (Heidelberg, 1982) nre in disag-

reement with previous one and are compatible with zero neutrino

mass.

Neutrino oscillations

Neutrino oscillations first pointed out by B.Pontecorvo in 1958

now became an important area of experimental activity including expe-

riments at the reactors, accelerators and cosmic rays study. A disco-

very of this phenomenon would be a manifestation of lepton flavor mi-

xing never observed earlier and an important evidence in favor of

unification ideas.

The experimental results presented at the conference provide

only upper limits for the phenomenological parameters of oscillati-

ons. These parameters are model dependent, but for two-neutrino mi-

xing model one may character all the data by two-dimension plot, we-
p p

re one axos is A m and other one sin 2@ .
2

For the low Am the best limit was given in the experiment of

Caltech-SIN-TDM collaboration carried out at Gosgen power station.

A 90$ confidence limit is well below fii?~0,1 eV at sin22 0 > 0, 1
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A result obtained in cosmic neutrino experiments at Bakaan neutri-

no observatory (INR Academy üci. USSU) ( A m2 < 10~2 eV2 at

sin 2 0 < 0,5) i3 formally somewhat lower, but does not provide the

good limit foi* sin 2 0 due to poor statistic.

The accelerator results reviewed by C.Baltay are more restric-

2 2

tive in the area of 6 m of about 1-10 ev . In this area the plot

sin 2 0 is limited by the level of about 0,5^10 , that is aigni -

ficant for some models of lepton mixing.

All the results on neutrino oscillations obtained up to now

appear to be a very impressive experimental achivement, but from

the point of view of present unification models it 13 still far
p

from the expected A m values. If not to consider a large mes3 of
2

electronic neutrino, the expected A m should be not more than
_o 2

10 eV . This is a real challenge for the present experimental

state of art. May be solar neutrino detection experiment will be

more informative for the solution of neutrino oscillation problem.

Heutron-antineutron oscillation

Thi3 phenomenon would be the manifestation of the barion quan-

tum number violation with B « 2. The phonomenology of it is simi-

lar to neutrino, or K°-meson oscillation and may be described by a

period of oscillation. As it was shown by V.Kuzmin at al. (INR Acad.

'.'•ci. U.r5£!li) Uhe exiatin/; limit on proton decay lifetime gives the lo-

wei" limit for the poriod of oscillation of order 2.10 sec. As we

hnve lenrnod from the report of M.Baldo-Ceolin it is a very compli-

cated problem to achieve this figure by direct observation of free

neutron oscillation. Nevertheless there are some projects to achieve

9
the limit of about 10 see (Moscow meson factory neutron source)*
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Experiments are obviously very difficult.

Deep underwater neutrino experiments

The first attempts to estimate the light situation at the depth

of about 1,5 kilometer were performed in the Pacific ocean and at

the Baikal lake. A modul of "rouon string", which is proposed for

DUIiIAND, was lost in the attempt to carry out the measurement at more

depth. It is the first sacrifice to Ocean from DUMAND but probnbly

not last, because the ocean situation is very far from the laborato-

ry one. In spite of the fact, that light situation at those depth

proved to be not very optimistic (very high bioluminescence light

yield), it is worth-while to emphasize again the importance of the

further development of this direction in view of long-term problems

12

of construction of detectors with a mass more then 10 ton. It se-

ems to be the only possibility to detect very rare events of neutri-

no of extremely high energy, which may inform us of processes at the

energy close to Plank mass (giving room for phantasy).

Salam-Weinberg model tests

Most of the low energy specific predictions of Salam-Weinberg

model relate to neutral current phenomena. The structure of hadro-

nic neutral current and universality of Weinberg angle were already

established a few years ago. Leptonic part of neutral current wa3

investigated with much less precision.

The interesting achievements of the last year are the measure-

ment of v„ and N) Z scattering in two counter experiments of

BNL and CERN groups performed with relatively high statistics. Both

the experiments have about the same statistics (but different back-

ground) and their results are in a good agreement with sin Q w ac-

cepted now.
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In the experiment performed at CERN a charge asymmetry of

muon-nucleon deep inelastic cross-section was measured. A compa-

rison of the experimental asymmetry with theory is however a mat-

ter of radiation corrections, but there is no disagreement with

the existing theoretical estimates.

The other new result is the forward-backward asymmetry of

Ü+ IX~ -pair production in e+e" collisions at PETRA. The results

of four groups (if averaged) are in agreement with the expected

from S.-W.-model 5$ asymmetry.

unfortunately this result may only provide a limit for neu-

tral boson mass corresponding to M > 50 e /<,2.

So inspite of the perfect agreement of all the experiments

with low energy S.-W.-model predictions there is a lack of direct

evidences of the validity of this exellent model. One of the nea-

rest hope to see the poduction of Z°-boson in pp-collisions at pp-
the

collider at CERN according to report of K.Eggert ia still somewhat

distant due to luminosity problem.

Nucleon-nucleon weak interactions

I would like to spend some time for the problem,of parity

nonconaervation in nuclear processes.

There are now a few tens of experimental results concerning

parity violation effects in complex nuclei and nuoleon-nucleon

collisions.

Almost all the data are in agreement (when nuclear factors

might be calculated) with Salam-Weinberg model with two exclusi-

ons:

A circular polarisation of J-quanta in np -*dj, measured by
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Leningrad group (1972) is Pj= -(1,3O±O,45).10~6. Theory gives

A helicity dependence of total cross-section of p(HpO) at

6 GeV. The asymmetry of about 3«10~ was measured at Argonn ZGH

in 1979. It is at least by an order more than theoretioal estima-

tes.

The circular polarization of Ü-quanta in the reaction np —-itf

has been remeasured with modified experimental set-up at Leningrad.

New measurements showed that the previous result was due to pene-

tration of /-quanta from active zone of the reactor (bremsstralilung

radiation from ft-decay of fission fragments). No circular polnri-

zation is seen at the present accuracy level. The preliminary upper

limit for circular polarization at 35% confidence level is \TA <

<5.1O"7.

So besides the Argonn result now there is no contradiction

between PNC-effeots in nuclear processes and theory.

N e w p a r t i c l e s

It would be very difficult to charachter briefly an experi -

mental situation with hadrons and leptons carrying new flavors.

The main part in production of this particles belongs to electron-

-positron colliders and it was a real pleasure to hear about the

CERN collider as a "beauty factory" through y -generation.

As a whole, however, there is an obviouse lack of data about

charm- and beauty particles decay that is of mixing of quark fla-

vors. The number of well detected decays of charmed particles is

too low in spite of hard experimental work.

If not considering this particular point of charm and beauty
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problem there Is a satlsfaotory agreement of almost all c, b-speo-

troaeopy with QCD prescriptions.

Some aspects of this topic look alike the nuclear level speo-

troscopy turned up-side-down. It is known that the ground states

and low-exited levels of nuclei are described by theory quite sati-

sfactorily, due to Fermi-system specific properties of low-energy

exltations. It is opposite to hlgh-exitations of nuclei, where spe-

cific nuclear properties play the main part.

In hadron spectroscopy the QCD may describe heavy quark state,

due to asymptotic freedom but appears to have low-predictive power

for light quarks states where unsolved confinement and vaquum prob-

lem dominate.

Generally speaking, it is not quite clear whether the highest-

energy experiments and superheavy particles study would help to the

problem of confinement and of light hadrons. However our environ-

ment is almost totally made of light quark states.

True new particles

A discovery of heavy particles representing gauge fields

would be a direct evidence in favor of the present theoretical

ideas*

Not less significant as well would be observation of the very

lifjht or even massless partners of heavy gauge partioles. As a pri-

me pretender to this part oould be an axion a pseudoscalar boson

introduced by S.Weinberg to resolve CP-problem in QCD.

The search for such axion now may be considered as oompleted

one. The experiments on a search of its two-gemma decay at the re-

actors, radioactive source, electronic accelerator and a search of

y—*-O-JI and Y~*"Q-J decay mode allow to conclude very definet-
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ly that "standard" axlon is dead. j

Nevertheless it is still a question about possible existence >

of light particles of another kind with more exotic properties.

According to H.Peissner a flux of some penetrating particles

decaying into two gamma-quanta (but obviously not axions) is emit-

ted by reactor, meson factory beam-stop at SIN and it is seen in

high energy neutrino beam at CERN.

As to high energy events of single showers at CEKN they could

be probably explained as specific neutral current neutrino phenome-

na (S.Gerstein, Serpuckov).

As to the experiments of H.Peissner's group at SIN and at Ju- i

lion reactor it is worth-while to say that they were carried out in

the bad background conditions and should be repeated with much bet-

ter shielding before being taken seriously. a*<

The question about massless (non decaying) scalar and pseudo-

scalar particles usually has been closed on a base of astrophisics

consideration of energy and lifetime of the Sun and red giants.

A factor of absorbtion increase, which is needed to forbid for

such particles to escape the stars interior was calculated earlier

to be of about 10 .

Recently, however, A.Anselm (Leningrad) indicated some mecha-

nism which lowers this factor up to /-10 at least for one of the

variants of massless axion. It is apparently not sufficiently to

forbid the escape, but it is not clear to what extent could we

exclude the existence of any another absorbtion mechanism.

Perhaps, the problem of new massless particlen and their long-

-range interactions could be better tested in classic type experi-

ments as was proposed by A.Anselm and V.Kuzmin et al. (Moscow).

In the lecture of J*Kills we learned about immense world of
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oupersymmetrio particles. The search of them seems to be a real f

challenge to our experimental ability to look for unknown things. V'

• If these particles are rare enough (by their origin) heavy

and stable, it is very uneasy to discover them, if they do not

carry some exotic mark, but only weak interaction with our World.

Nevertheless it is not exoluded, that in not too distant

future we will take part, according to J.Bills, in oonferenoe

"nuino..? "
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