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1. INTRODUCTION

During 1974 the activities in both the bubble chamber and the counter groups have

been high and has resulted in 18 publications. Two doctors degree dissertations

were presented, one by Erik Johansson in April 1974 on elastic scattering at high

energies (counter experiments) and the other by Uno Svedin in December 1974 on

strange particle production in 19 GeV proton-proton collisions (bubble chamber

experiments). The publication list contains several contributions to the Interna-

tional Conference in High Energy Physics held in London in July 1974. The

Conference was one of the best for several years. It gave reasons to believe that

a new property of matter might exist, called charm. The newly discovered narrow

resonances, the J(3.1) at BNL and SLAC, the 4) (3.7) at SLAC and the very recent-

ly reported wide structure at 4.1 GeV (SLAC) can be interpreted to give further

support to the charm concept. However, mesons or baryons with charm have not

yet been discovered. We have available two bubble chamber experiments above the

probable energy threshold for associated production of charmed states, the 19 GeV/c

pp and the 9.1 GeV/c pp experiments. Searches for possible charmed mesons or

baryons have been initiated. An interesting observation is that an unexpected effect

in the 6.2 GeV/c pp -*pp counter experiment (reported to the London Conference)

occurs at an energy coincident with the !l>(3.7) mass.

During the year a new experiment was proposed and carried out at CERN, involving

12 GeV/c antiprotons in the 2m HBC. A proposal to study V production in BEBC

has been made. Since BEBC has been down for repairs, the experiment is not yet*

approved. Two experiments at very high energies have been proposed to the Fermi

National Laboratory in Batavia. One involves a bubble chamber study of 100 GeV/c

antiprotons in deuterium. The other aims at a search for charmed, shortlived
-13

(10 sec.) particles using nuclear emulsions exposed to a 400 GeV/c proton beam.

Both of these have been accepted by the FNAL authorities. Scheduling is not yet

known, but will probably be in 1975. These experiments will give us high energy

experience before the CERN SPS can deliver beams. A study group is looking into

possible future lines of research at the CERN SPS.

The computer situation deteriorated towards the end of 1974 when it became known

that the CD36C0 would be stopped by the end of January 197S. Vltort» to get t

CD G400 had been made in the beginning of 1974 but with no signii of getting approval



by UKA. It is now hoped that the very quick action by the AFH in December 1974

and other actions by the Stockholm University and by NFR will result in an approved

situation.



2. THE 19.2 GeV/c PROTON-DEUTERON EXPERIMENT

Isospin analysis of the reaction NH -> NNff

The main purpose of this Scandinavian collaboration experiment (together with

the 19 GeV/c 2 prong pp-experiment) is to determine the nature of the exchange

mechanism in the reactions

N1N2 - N3<V> (A)

by means of a complete t-channel isospin analysts. The analysis was completed

in November this year and a paper with the title "Exchange Mechanisms and

Energy Dependence of Isospin Amplitudes for the Rection pN -> NNf in the Energy

Range 5-1480 GeV" was submitted to Nuclear Physics. In this paper the reaction
x

(A) is studied in terms of three isospin amplitudes M , where I and I are the
isospins of the exchanged particle and the (N.ff) combination respectively.

It can be shown that three isospin amplitudes are necessary and sufficient to de-

scribe single pion production in nucleon-nucleon collisions. The three amplitudes,

characterized by the pair (I , I) are then (0, 1/2), (1, 1/2) and(l, 3/2). The

corresponding diagrams are shown in Fig. 1.

If charged symmetric reactions are disregarded, we have seven nucleon-nucleon

reactions leading to the production of one pion. The cross sections for these

reactions are given by the isospin amplitudes according to the equations la-lg:

°3 =

f t K/2

" 3 M l / 2
2. .1

f : K/241

(la)

(lb)

(lo)

(Jd>
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The internal paranthesis indicate to which final state nucleon the pion is coupled.

Kinematical factors are included in the amplitudes and the integration over dR

stands for summation over helicities and integration over a region of phase space.

Since the final state in If and lg contains two neutral particles, these two reactions

have not been used. Introducing the following isospin cross sections and interference

terms

m,

|M
1 2
.'1/2

( I K ,

. ) w l/J J/l! 1J 1/2 3

we get six quantities to be determined by the five measured cross sections. The

problem is thus undetermined but the quantities ru are restricted by the following

inequalities
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which have to be fulfilled simultaneously. The inequalities allow us to determine

upper and lower limits of the quantities m.

Before proceeding to the results we would like to say a few words about the

definition of (Nff) clusters. As can be seen from (1) the final states (la) and (lb)

contain the same particles. The same is true for (Id) and (le). In order to

determine the cross sections C\, a , a , a we have to associate the pion with
1 2 4 5

one of the nucleons. In the pnir+ case this was at a very early stnge done by

saying that the pion belonged to the nucleon for which the angle in the centr r of

mass system between the nucleon and the pion was smallest. Various other criteria

can also be used but we have found that at least at 19 GeV/c they all give al.aost

identical results.

In certain regions of phase space there may, however, be some doubt3 about the

validity of the different criteria. As an example we show in Fig. 2 the distribution
• _

of cos© in the center of mass system of the ff in the reaction pn-*ppir .

This distribution can be regarded as the sum of two distributions. One distribution

describes pions associated with the neutron vertex and is dominating n«ar

cos6 = - i , the other one, dominating near cos8* * +1, describes pions associated

with the proton vertex. Although large parts of the sample of events axe well

separated, a tail of each distribution exists which extends into tht region where

the other amplitude dominates. In order to compensate for the Mils in an

approximately correct way we make the cut at the point of mLJmum in the com-

bined distribution. Only when the two cross sections ara roughly equal will this

occur at cos6*-0. In tie ppw" caso the minimum occurs at cost* • 0.6, as can

be seen !n Fig. 2. The importance of this ruore critical method e n be,

from the fact that the small oros* section, I .e . lor pn-»(p*~)p, thereby to reduced

by a factor of two at our energy. Inserting the measured cross seetloa* la



equations 1 a-le we find that the isospln zero cross section is dominating. Wo

also note that our experimental results agree with isospin conservation Binoe it

is possible to satisfy the restrictions (3).

The cross sections o .-o have been measured also at other energies in the1 5
range 7-28 GeV. The cross section a has also been measured at ISR at an

energy corresponding to an incident momentum in the laboratory system of

1480 GeV/c. Forty cross sections at fourteen different energies are thus avail-

able. However, some of these cross sections are sums of e.g. o. and o and

complete sets exist at only four energies.

Calculating the quantities m at the four energies where all cross sections had

been measured we found an energy dependence of m , m and m of the type
0 1 O

k - p where p is ihe incident beam momentum and n a constant, which of course

is different for m , m and m , Fig. 3. The interference terms m are
O 1 o lj

related to the corresponding m. and m in the following manner:

where 6 depends on the overlap integral of the two systems (Nir). and (Nir)

and also on the phase of the tw > exchanges involved. The quantity g can be

written as jj-acoeö where a (0 s a« 1) is the coherence factor and © the interference

angle. The quantities £ „ and g, are expected to be small, while & . is found
Oo l o Ol

to be large in magnitude and negative, Fig. 4.

From this it seems natural to try the following parametrization

m. = k p. . _i i KLAB

/m. m
- constant ,

which contains nine parameters to be determined. In this total fit to all cross

sections we can also use experiments, which have measured only some of the

cross sections or sums of them.



The result of the fit and the conclusions can be summarized as follows, (see

also Fig. 5):

The isoscalar exchange

is dominated by Pomeron exchange since the slope of the energy dependence

is small (-0.4)

shows no flattening up to 1480 GeV (\/i = 53 GeV)

is the leading mechanism at energies above 7 GeV (\/i > 4 GeV).

The isovector exchange with the system (tin) in a I = 3/2 state

is interpreted to be mainly pion exchange on the grounds that the slope

of the energy dependence is close to -2

is the leading mechanism for single pion production below about 7 GeV

(\/s < 4 GeV).

The interference terms are such

that both 0 and B. are small as expected
Oo lo

that p ., on the other hand, is large in magnitude and negative.

This implies that the two amplitudes produce highly coherent states.

The nature of the remaining isovector amplitude, M , , is more difficult to

ascertain. Apart from those interference parameters, in which it is Involved,

the parameters describing this amplitude can vrry to some appreciable degree

without giving rise to poor fits to the measured cross sections. The value of the

slope of the energy dependence, n. = -1,4 * 0.2, indicates that this amplitude

rather than being dominated by a single exchange could be a mixture of AJfi)

and v exchanges.

Having now determined the pure lsospin cross sections integrated over the entire

phase space we would like to study the lsospin cross sections in * more

differentiated way e.g. as functions of the (N«) effective mass. Due to lack of

statistics this is not possible at present but events oi the second pd exposure

(November 1972) are now being processed, it is hoped that a data sttaiaary tap*

will be available la the beginning of 1975.



Another interesting project which is in progress is an isospin analysis of the

reaction N Nt - N (No) , where p is the vector meson at 770 MsV decaying

into two pions. The isospin structure is the same as in one-pion production.

Clear evidence for P production has been seen in the channels

+ -
pn -• pnff tr

- o
pn -• ppir IT

and from earlier experiments the cross section for p production in the

cnannel

pp -• ppff IT

can be obtained.

The possibilities to analyse the reactions N N -• N (N.f) and N.N

are being investigated.

ANir

The structure of the deuteron

It is a well known fact that it exists measureable discrepancies between the con-

ventional nuclear theory (CNT) and experiments - an example is the magnetic

moment of the deuteron. The failure of CNT seems partly to be due to the fact

that it treats nuclei as1 weakly bound systems of protons and neutrons and does

not take into account the possibility that the nucleons can form resonances within

the nuclei.

Recently, it has been shown that allowing for such effects the anomalous magnetic

moment of the deuteron can be explained. Regarding only the lightest baryon

resonance, A(t236), the deuteron can part of the time exist as a bound AA-

system (two A :n must be formed due to isospin conservation). If this deuteron

now is hit by a proton for instance, the proton can react with one of the A :s,

leaving the other to fly off as a spectator particle (which then decays to a nucleon

and a pion).

This spectator h would behave as a normal spectator nucleon, i .e . have an

isotropic angular distribution in the laboratory system. Since a 'normal' A ,



formed at the target vertex, cannot move backwards in the laboratory system,

any (N rt IT) -system in the

candidate for a spectator A .

any (N ff)-system in the A-mass band moving backwards would be a

However, it is also clear that it is very easy to form a backward (Nir)-system

with low invariant mass purely kinematically from a nucleon spectator and a

slow pion. In order to get a cleaner effect one could look only upon reactions

where the incoming proton is elastically

scattered on one of the A :s as the one

pictured in the figure. (The n is
spect.

here not a spectator in the usual mean-

ing but will appear to be one.) One would

still have a background from reactions 4

where the target nucleon dissociates in-

to a nucleon + two pions.

SpKt.

*TT*

Th« reaction pd- A Ap
There is, however, a possibility to get

a good estimate of the background in

the above mentioned reaction by adding

a faked neutron spectator to measured events of the type pp -* ppir ir (hydrogen

target). After a transformation to the deuteron (target proton + faked neutron)

rest system, these events would simulate the actual background (everything except

deuteron effects) in the reaction

pd -» n ppff v" .

The result of a comparison between these two samples can be teen from the

following table (the errors are only statistical):

A* (back)

A+
s (back) L°

A"g (back)

A"a (back) A*

Faked sample
(3042 events
in total) %

».4 * 0.6

3.5 * 0.3

8.3 ± 0.6

4.2 * 0.3

pd sample
(341 events
in total) %

10.3 * 1.7

4.7 * 1.2

11.1 * 1.8

4.1 é 1.1



iö

Taking the difference between the two samples and also averaging over the two
+ o - ++

different charge states, A A and A A , gives

0.6 i 1 % A (back) A
s

Therefore, with present statistics there is obviously no AA effect. However, we

will hopefully soon have a pd sample comparable to the faked sample which will

make it possible to bring the error down to about 0.3 %.
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3. STRANGE PARTICLES IN 19 GeV/c PROTON-PROTON INTERACTIONS

During 1974 we have finalized the data sample of inclusive strange particle

reactions.

The strange particle sample is the largest one in the world today in proton-proton

reactions. There are 4975 A and 4300 K events on the data summary tape. A

detailed description of the experimental procedure and of the sample have been

published in USIP 74-25.

As was indicated in last years annual report one aim of ours lias been to give

cross sections for strange particle pairs for different multiplicities. Cross

sections for the pairs (KK) , K A, K A for different prong classes are given

in USIP 74-24. This report has been submitted to Nuclear Physics B. The (KK)

and (YK) and total strange particle cross sections have been found to be

1.461 0.14 mb, 2.73± 0.23 mb and 4.3± 0.3 mb respectively. Fig. 6a shows

the total strange particle production cross section for proton-proton reactions

and fig. 6b shows the (YK) and (KK) parts as a function of beam momentum. We

also show that the charged multiplicity distribution for events with K°, A. (KK)
s

scales according to a modified KNO-model. This is not true in the K+A case.

Fig. 7 shows the modified KNO function 4*' as a function of the multiplicity

variable Z ' . The relationship between the dispersion and the mean charged multi-

plicity is found to have the same linear relationship as in overall inelastic

proton-proton reactions. Fig. 8 shows the dispersion D versus the mean charged

multiplicity <i»ch>.

For (K°K°* _,,, K°A and for A events the average charged multiplicity of the

remainder system, when the strange particle part has been removed, has the

same behaviour as systems with the same quantum numbers but obtained in

collision at corresponding beam momenta. Fig. 9 shows the average charged

multiplicity <n . > versus the incident beam momentum.

In the report USIP 74-26 the Scandinavian Collaboration has mads a test of the

factorization hypothesis in collaboration with the K - group at CERN. We use

data on the inclusive reactions pp -* A • x at 10 OeV/c andKp-*A+XMt

16 GeV/c incident momentum. In these reactions A production occurs donttasjtfljr
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via proton fragmentation and a comparison of their t-distributions shows that

the factorization hypothesis is satisfied at least to a 25 % level. The ratios R&R'

shown in fig. 10 shall take the value 1 if the factorization hypothesis holds.
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4. HIGH MULTIPLICITY REACTIONS

The analysis of high multiplicity pp reactions at 19 GeV/c deals with processes

of the type:

pp - N N (nit) n = 3 . . . . 9 . (1)

During the year, the sample of these reactions has been considerably enlarged

through inclusion of events which have been reconstructed by the high energy

group in Copenhagen.

Cluster analysis

The investigation of possible cluster formation in the reaction

+ + - -
pp -• ppir tr ir ir (2)

has been terminated during the past year. A considerable part of the work has
2

been devoted to the so called "ui -analysis", a modification of the original

Cramer-von Mises statistical test. The method is able to detect the presence

of clustering effects in the distribution of events in phase space. The results of

the analysis are consistent with a two-component picture in which one part the

events proceed via single diffraction dissociation and another part via other

mechanisms.

The partial cross section of the sample of single diffraction -like events has been

compared to the corresponding values obtained at other energies. The data are

compatible with a slow decrease of this cross section with incoming momentum

in the interval [(2,205)] GeV/c, a behaviour expected from a single dlffractive

mechanism.

The result of our analysis was partly presented at the London Conferenee ia July.

and a more exhaustive report exists in a preliminär version.

Associated production of resonances

With the enlarged sample it has been possible to detect the reaction

p p - o A 9 p . 0)
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This process is analogous to the reaction type

pp - ApN (4)

which has been investigated earlier in the Scandinavian collaboration. In both

cases, the A(1236) production is associated with production of a mesonic state.

Assuming factorization and dominance of tr-exchange, and utilizing data from

reactions of the type ffp - pN, it has been possible to estimate the relative cross

sections of the reactions (3) and (4). The results are in good agreement with

experimental observations.

The reaction
H -

pp -* A It p (5)

has been investigated earlier in the collaboration, and it was then found that the

reaction to a large extent proceeds via single diffraction dissociation. In this

connection it is of great interest to investigate whether or not the reaction

PP
++ - - -f

A it V A (6)

that is clearly visible in the present sample in reaction (2), proceeds via double

diffraction dissociation in which both of the incoming protons dissociate into a

A v -system. For this, we have compared the distributions of the four-momentum

transfer from the incoming proton to the A it system in reactions (5) and (6)

with correct inns for phase space effects through the so called F(t) method. It is

then found that the two reactions are described with matrix elements which

t-dependence are very similar over the t interval 0 < | t | < 2, where most of the

events are concentrated. The production mechanisms for reactions (5) and (6)

thus appear to be similar. A comparison of the total cross section for the reactions

pp - pp, pp - ( A n )p and pp -• (A it )(A it ) shows that factorization is valid

within errors. This is, however, not true for the differential cross sections, T" .
dt

of the same reactions.
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5. ANTIPROTON-PROTON REACTIONS AT 9.1 GeV/c

During 1974 the data collection in the Stockholm-Liverpool experiment on

pp-reactions at 9.1 GeV/c was completed when Stockholm received the last

batch of events from Liverpool.

The final uncut sample consists of 55729 events of which 17262 were processed

in Stockholm and the remaining 38467 in Liverpool. A division of this sample

into our 40 different exclusive subchannels is shown in table 1. To handle this

large amount of data a system has been developed where the information is

contracted on a mini data summary tape with possibility to recover almost all

information contained on the original tapes.

The main task since the completion of the sample has been to find appropriate

cuts to clean the sample from misidentified hypotheses and to resolve between

ambiguous hypotheses. To clean the sample we have defined probability cuts for

the fit channels and also a cut in beam profile (dip and z-coordinate of vertex) is

applied. These cuts reduce the number of events with ambiguous hypotheses in the

fit channels, however, for missing mass (MM) channels and some one-constraint

channels other methods are necessary to select between ambiguous hypotheses.The

situation is most difficult in the 2-prong sample where the ambiguities are coupled

in a complicated manner. This work is done separately for each laboratory be-

cause of discrepancies between criteria used during processing of the events. The

major ambiguities in the experiment are shown in the table below (uncut data;

channel numbers as in table 1).

1.
2.
3 .
4 .
5.
6.
7.
8.
9.
10.

STOCKHOLM
ambiguity

3 6 8
13 6 18
13 6 20
6 6 10
3 & 10
16 6 20
23 6 28
23 6 30
13, 16 6 18
13, 18 6 18

no of events

»16
701
404
347
344
220
107
124
116
114

LIVERPOOL
ambiguity

13 6 18
3 68
13 6 17
13 6 20
2 67
3 67
6 610
18 6 20
3 6 10
5 6 9

no of event*

2092
1809
1061
884
719
712
669
580
509
409

A method which seema to be fruitful It developed on the StoaKwi» 3 mm

ta u»lng so culled 'van Hove plot*' combdwri with cyte tu



for MM-channels. This is done for each type of ambiguity. To illustrate this

Tig. 11 shows van Hove plots to resolve the ambiguity between npir (probability

cut and beam-cut applied on data). One clearly sees by comparing with the distri-
— +

butions for unique events that almost all ambiguous events belong to npir . Then

they also fill out a region in this plot needed if one assumes charge conjugation to

be valid (the npir and npir plots should then be merror images). The unique

distributions also show than some influx of misidentified events probably exists

especially the npir channels seems to have too many backward n.

The technique described above is as mentioned based on the 2-prong sample but

we are confident that a similar technique should work on higher multiplicities.

Once this work has been finished we are in a position to produce several final

publications of which some already are prepared. The preparation for the

amplitude analysis of the reaction

- ++ ++
p + p - A + A

has proceeded during the year and resulted in a publication by the collaborating

theory group (Enflo et al . ) .

During the yyar the following two papers were published. "High Transverse

Momenta and pp annihilation" (Nucl. Phys. B73 (1974) 440-448): A phenomenon

found in almost all hadronic interactions is the so called "law of small transverse

momenta", i .e . once (p ) reaches ~0.35 GeV/c it remains constant regardless

of further increase of the center of mass energy. However, it is apparent from

experiment that the dynamics of the annihilation in the pp-reactions are different

and that <p > reaches values of 0.8-1.0 GeV/c (still growing at 9.1 GeV/c). In

fig. 12 <p ) is plotted as a function of <|x|) (Feynman variable x used to remove

energy dependence) and it clearly shows the non-peripheral character of the annihila-

tion.

2 o

A study of the p distribution shows a sudden change in slope at ~0 .2 (GeV/c) .

This variation can partly be explained by phase space (ps) which not only predicts

the overall gradient but also the two-slope structure. If we take

loir I —~- I ~\ntr I V \ =

dp" exp
1

dp ps
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this function easily fits a straight line, i.e.

-A-p

2 > ~ ( 2 '
dp exp dp ps

C-e

The value of A increases with energy and decreases with increasing final state

multiplicity. Also A is much smaller for annihilation pions than for pions produced

in non-annihilation processes.

The second paper is "A Test of Factorization Predictions for the Fragmentation

Processes pp - v at p Momenta of 9.1 and 4.6 GeV/c" (Nucl. Phys. B78 (1974)

222-232). This paper tests predictions by the hypothesis of factorization of leading

Regge poles on single and double differential cross sections in tne proton frag-

mentation region. In fig. 13 we show the experimental values of the integrated

cross section

CO

»tot

lab
lab

2 lab np at p. = 0

for the process p + p - n~ + anything at the two p momenta of 4.6 and 9.1 GeV/c.

The predictions for this process which lie within the band of other 'non-exotic'

reactions, are also shown. This disagreement between experiment and prediction

is very marked especially for the 4,6 GeV/c data.

The behaviour of the tr~ data as a function of x is shown in fig. 14 where the single

differential cross section

is plotted. The discrepancy between theory and experiment Is essentially constant

throughout the range of x .

The tests indicate reasonable agreement m the f eum but a slgnlflflsjrf dis-

crepancy for tr*. The agreement with theory is also bitter at higher

and for lower p intervale. These faots sua*et thaft the dlsorepeaojrhas

in the annihilation processes.



18

2 2

Recently, two new very narrow resonances at 3.1 GeV/c and 3.7 GeV/c were

reported from BNL and SLAC. This has caused great activity both in experimental

and theoretical particle physics. One theoretical Interpretation is bared on anew

quantum number called charm. In this model the new resonance would be bound

charm-anticharm states. Certain mass formulae lead to predictions that the

mass of the lightest charmed meson (with charm quantum number equal to one)

would be around 2 GeV. This means that the 9.1 GeV/c pp-experiment probably

is above threshold for associated production of charmed mesons, since its center
2

of mass energy is 4.35 GeV/c . We have initiated a search with special emphasis
on KKirrr.... annihilation channels since a strangeness violating Kirn decay
seems likely for charmed mesons.

6. 12 GeV/c ANTIPROTON-PROTON REACTIONS

An experiment on 12 GeV/c antiprotons in the CERN 2m HBC was proposed and

approved by TCC. The experiment is a large effort in collaboration with Amster-

dam, Helsinki, Liverpool and Stockholm. The number of pictures taken are

400 000. The Helsinki-Stockholm part (130 000 pictures) was taken during 11-19

of July 1974. The quality of the pictures is good, although the muon background is

rather high, about 50 % (but muons do not produce reactions) -

All reactions will be measured. The number of interactions is about one per

picture. The inclusive study will, together with the complete measurement of

events at 9 GeV/c, make an s-dependent analysis possible.

S. Nilsson has participated in a working group on a possible high statistics,

100 eV/jib, experiment at 12 GeV/c in the CERN 2 m HBC. The working group

consisting <>i representatives from Amsterdam, Athens, Liverpool, Stockholm

and Vienna met 27.2.1974 and 11.6.1974. The results were given in a report

presented to TCC. The Stockholm group will not participate in a high statistics

antiproton-proton experiment in the 2m HBC.
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7. AMPLITUDE ANALYSIS OF HYPERCHARGE EXCHANGE

REACTIONS IN #~p INTERACTIONS AT 4 GeV/c

This experiment has been started in collaboration with research groups in Bergen,

Madrid and Paris.

The main purpose of this experiment is to study with improved statistics the

two-body reactions

,,o»ois p - K A

-,O O

-• K X.

~K*°(890) A°

-K°Y*°(1385)

-K*°(890) Y*°(1385) .

The information on the polarisation of A will be used in the analysis to extract all

the transversity amplitudes up to two phases. The contribution of natural and un-

natural parity exchanges in the final states K A and K I will be compared with

the predictions of an effective Regge pole model with SU(3) symmetry. Com-

parisons will also be made with the predictions of the quark model relating the

A , I and Y cross sections.

Furthermore, baryon exchange will be studied in some of the above reactions and

also the properties of the KKtr, Kwtr, Aim etc.

A main effort will be done to measure and process t - and Sf-events in an un-

biased way.

Present Status

The aim of the experiment as regards statistics is (combined with an earlier CERM

experiment) to reach a 100 ev/fib level.

This means that about 800 kpx (- kilo pictures) to seeded in this sxperimsat.

During 1973/1974 a total <rf 540 kpx has been takm at CERM dwtag three diHersot

exposures. Of these, the Stockholm group has obtained about 240 fcpx divided
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into two batches (70 kpx and 1 70 kpx respectively).

The processing of the first batch lu.s reached a state where all pictures have

been scanned and every event of interest measured on the Spiral Reader.

About 7400 events were measured, and of this sample 1/3 has been processed

through the filtering programme POOH at Stockholm and the rest is presently

run at the computer in Bergen. The second batch is at present being scanned

and measured, which will be finished during 1975. Moreover, parts of the

programme chain (THRESH-GRIND) hae been tested out for the geometrical and

kinematical processing.
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8. THE S120 COLLABORATION EXPERIMENT

The experiment of the Birmingham-CERN-Genova-Oslo-Rutherford-Stockholm

collaboration was set up 1973 and was finished on the floor in August 1974.

The aim of the experiment - proposed in 1971 - was to study at 10 GeV/c with

great accuracy the two line reversed reactions

+ + +
If p - K Z

K~p - ir'r

The interest lies in a comparison of the differential cross sections da/dt for the

two reactions. Therefore it is of utmost importance to reduce the errors, both

statistical and systematic. Prior to this experiment data coming from different

experiments subject to large systematic errors have been compared and the

situation as to the equality of the two differential cross sections was not clear.

The low 111 part of the experiment was done in geometry I using only a forward

arm to detect the K or IT . The reason was that the recoiling E is so slow in

the laboratory that in the subsequent decay

+ o
2 -» p + n

the proton only occasionally will get out of the target.

In order to measure the cross section for every small |t I the beam was in this

geometry bent into the spectrometer. This means that an excellent particle

identification is essential. For this reason no less than 6 threshold Cerenkov

counters were included in the set-up. Although the impurity in the counter-
-4 + +

defined beam was measured to be very low (3* 10 K in the tr beam) these

make up more than 50 % ol the triggers. With a careful analysis of the recorded

pulse heights from the photo tubes of the Cerenkov counters it was possible to

reduce this Impurity by more than 2 order* of magnitude.

Data in this geometry was taken In November-December 1978. During i§74 the

analysis has been almost finished. From * total of 51 data tapes (~ 100 000 triggers)

on negative beam some 2 000 events was obtained on the K~p •* «~£ reaction.

In fig. 15 is shown the missing mass plot where a very dean £ pe«k to visible.
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The Y (1385) is also visible. The missing mass is determined with a standard

error as small as 40 MeV.

+ + +
The run on positive beamyielded some 6 000 events V p -• K E from 29 data

tapes. Fig. 16 shows the missing mass distribution. The results from geometry I

will be finalized during the first half of 1975. Fig. 17 shows a computer-recon-

structed event. The region it) > 0.3 (GeV/c) was covered in geometry II, which

in addition to the forward spectrometer with magnets and Cerpntov -renters,

also contained a recoil arm to detect the proton from flie T. decay. The layout

is shown in fig. 18. During 9 weeks of run during 1974 a total of 308 datatapes

were taken at the incident momentum of 10 GeV/c. In addition, during three

hectic weeks in August some 110 datatapea were accumulated at an incident

momentum of 7 GeV/c. The hope is to get a good energy dependence out of the

combined 7 and 10 GeV/c rune. Analyses is in progress.

Finally, it may be worth mentioning that the complete analysis of the geometry I

data - roughly 1.7M triggers - required some 250 hrs on the computer CD6600

(equivalent to 50 hrs on CD7600 and also to some 7000 hrs on CD3600).
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9. COUNTER SCATTERING EXPERIMENTS

Elastic scattering of ff on protons at 10 GeV/c

During 1973 the results of the elastic scattering experiment at 10 GeV/c were

published (Physics Letters 47B (1973) 85, 89). That experiment was part of a

large experiment (S91) primarily aiming at studies of elastic scattering and

antiproton-proton annihilations at different incident momenta, 5, 6.2 and 10

GeV/c.

This year more work has been done on the large angle data of ir p elastic scatter-

ing at 10 GeV/c. In that region the differential cross sections are at their lowest

values. Particular care had to be taken when the background was evaluated. In

fig. 19 we show the complete t-distribution for ff p elastic scattering.

A very interesting model for high energy particle reactions is the parton model

(J.F. Gunion, S.J. Brodaky and R. Blankenbecler, Phys. Rev. D8 (1973) 287).

In fig. 20 we show the prediction of that model compared to our data at 5 and

10 GeV/c. The domain of validity for the parton models are at high energies and

large momentum transfers (large scattering angles). The increased agreement

between the model and the experimental data with increasing energy is therefore

encouraging.

Proton-proton elastic scattering at 9 GeV/c

During a rather short run some data on proton-proton elastic scattering were

collected. The incident momentum for this experiment was chosen to be 9 GeV/c.

The experimental set-up shown in fig. 21 is identical to the one used for the

10 GeV/c experiment.

The analysis was done at CERN on the CDC 7600 computer. The number of

proton-proton elastic events amounted to 18 000. The calculated differential

cross sections are shown la fig. 22. A smooth t-distribution without any signifies!

structures can be seen. This feature is in line with the experimental findings at

other accelerator energies.



Elastic scattering at 6.2 GeV/c

During spring 1972 data were taken at an incident momentum of 6.2 GeV/c. This

experiment is the third and last stage in the large S91 collaboration, where com-

plete t-distributions and the energy dependence of the differential cross sections

have been studied.

A schematic layout of the 6.2 GeV/c experiment is shown in fig. 23. In order to

increase the angular acceptance and the counting rate, two liquid hydrogen targets

of 1 meter of length each were used.

Some 150 magnetic tapes were filled with data, each tape containing around

50 000 triggers, i .e . altogether 7.5 x 10 triggers were collected.

The analysis of this considerable amount of data was done at CERN on the

C DC 7600 computer. Some preliminary results were obtained during the year.

These results have been presented at the International Conference on High Energy

Physics in London.

K~p elastic scattering at 6.2 GeV/c

In fig. 24 we show the differential cross sections for K~p elastic scattering at

5 and 6.2 GeV/c. The earlier observed tendency that the differential cross sections

for large t-values decrease with increasing energy is maintained. The croso section
2

in the very backward direction (at u=0) is estimated to H e 10 nb/(GeV/c) . This is

consistent with an energy dependence of about s , which has been observed to

be the typical energy dependence for an exotic channel also at lower energies.

pp elaatic scattering at 6.2 GeV/c

In fig. 25 we show the differential cross sections for pp elastic scattering at 5 and

6.2 CrvX/c. The significant structures at - t ^0 .5 and 2.2 (GeV/c) , well established

at 5 GeV/c, are still present at 6.2 GeV/c. When comparing results at different
2

Incident momenta, the dip at -tea0.5 (GeV/c) seems to move towards larger

absolute values of t when the energy is increased. Judging from tl.e 5 and 6.2
2

G<>V/c results, the dip at -t«*2.2 (GeV/c) stays constant in t .



25

An unexpected feature is the relatively high cross sections at 6.2 GeV/c for

large values of - t . According to the parton model by Blankenbecler et al.

mentioned above, one would expect the cross section at 90 c m . scattering

angle to decrease as s~ , which means a factor 6 between 5 and 6.2 GeV/c.

The observed results show in contrast roughly equal differential cross section

at the two incident momenta. We have recently speculated that this might be due

to one of the newly discovered narrow resonances ^(3.1) and i>(3.7). It BO

happens that the incident momentum of 6.2 GeV/c corresponds to a c m . energy

of 3.6 GeV. Thus one of these neav> -Ejects is produced with a cross section of

the order of 100 fib and subsequently decays with a flat angular distribution.

These results were presented at the London Conference in July 1974 and there-

fore constitutes one of the first experimental hints to these new particles!

At 90 c m . the cross sections at 5 and 6.2 GeV/c (90 c m . angle corresponds
2

to -tsa4 and 5 (GeV/c) respectively) are about the same.

The cross section in the very backward direction (u=0) is compatible with an

expected s~ dependence for an exotic channel.



10. INTERSECTING STORAGE RINGS ACTIVITIES

Introduction

During 1974 a record luminosity of 22 jib" s~ was reached in intersection 17

at the CERN ISR. This value exceeds the designed aim by a factor of 5 and was

achieved by using a special technique, called the low-0 insertion - the two

beams are brought together with a minimum of vertical oscillations and thereby

creating a "super-dense" interaction area with high luminosity as a result.

The discovery of "new particles" (masses of 3.1 and 3.7 GeV) at the end of 1974

created much excitement and several new experiments were proposed. This

caused an extension of the last ISR running period and new experiments were in-

stalled with specific aim to search for these new particles.

Experiment R203 - Particle production at large angles

British-Scandinavian collaboration

The data taking for this experiment was concluded in 1973 but the analysis of

the data has been one of the major tasks during 1974. Results have been published

on the production of charged particles with high transverse momentum and on

correlations between charged particles emitted at large angles.

Our study of the production of charged particles confirms the discovery of the

slow decrease in the p spectrum at high momenta, compared to the rapid fall

off at low momenta. This was first seen in neutral pion spectra by the CCR group

(CKRN-Columbia-Rockefeller) at ISR. An example of the momentum dependence

found in our experiment is shown in fig. 26.

Fig. 27 presents our results in the shape of the composition of the particles

produced at a given momentum. The most prominent feature of the curves is

that the fraction of the heavier particles, kaons, protons and antiprotons increases

with respect to the light particles in the range up to 1.5 GeV/c but levels out

above this momentum. The antiprotons, however, show an anomalous behaviour

with a peak at 1.5 GeV/c, where the antiprotons are almost as abundantly produced

as the protons, and a rapid fall off at higher momenta. The reason for this behaviour

is not yet understood. It was also possible to study correlations with other particles
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produced in the same interaction. Information from two wire spark chambers

placed at each side of the intersections region were merged with the data from

the wide angle spectrometer. The number of particles observed in the chamber

is shown in fig. 28, as a function of the momentum of the identified particle

in the spectrometer of R 203. The correlations are highest when the two particles

go to opposite side, and in this case increases with increasing momentum of the

identified particle. Within the statistics of the study, it was not possible to see

a difference of the correlations if the identified particle was a pion or a proton.

Experiment R 803 - Particle production at 90° and low momenta

British-Scandinavian-MIT collaboration

A two armed spectrometer was installed in intersection-region 8 at the CERNISR

at the beginning of 1974. The spectrometer is specially adopted to give small

corrections for nuclear absorption and decay of short-lived particles. Particles

are momentum analysed by a small magnet and identified by time of flight. The

lower momentum limit is 50 MeV/c for pions and 200 MeV/c for protons. Electrons

can be identified by a threshold gas Cerenkov counter.

The experiment started to take data in June 1974 and stopped in December 1974.

No results are available as yet.
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11. A SEARCH FOR CHARMED PARTICLES

A proposal for an emulsion experiment was submitted to the Fermi National

Laboratory and it has been approved. The experiment aims to find heavy, shor t -

lived particles with lifetimes around 10

of emulsion to a 400 GeV/c proton beam.

-13
lived particles with lifetimes around 10 sec . The proposal is to expose stacks

The existing speculations, especially emphasized at the 1974 London Conference,

that charmed particles might exist a re taken as basis for the planning. Well above

the threshold energy for associated production the cross section is expected to be

reasonably large, i . e . of the order of 1 mb. This means that in nuclear emulsions,

associated production would occur in a few percent of all reac t ions . The detection

efficiency might be low, but still sufficient to make a search successful among

some 10 000 react ions. Depending on the magnitude of the detection probability

observation of associated production might or might not be possible in the present

proposal. As a first step we propose to search only for a signal with a lifetime of
-13±1

about 10 s e c . The detector with highest space and therefore highest t ime

resolution seems to be nuclear emulsions. A lifetime, T, will give a visible t rack
— 13

length of y Pc T cm. Using a y-factor around 10 and a lifetime around 10 s e c . ,

the tracks would be around 300 j im. Since one usually develops to 20 grains/100 jum

this is an easily resolved distance. Some considerable latitude in lifetimes around
-13

10 can still be detected. Lifetimes in this range a re expected to occur.

The signal would be a mixture of topologies, such as neutral particle decays into

charged stat»-,, and decays of charged particles into one, three, five or more charged

part ic les . Particular care has to be observed in the case of topologies with one or

three final state par t ic les . In the first case only high t ransverse momentum decays

would be detectable. However, a heavy new particle should quite often give r i s e

to such final s ta tes . In the case of the topology with three charged part icles grea t

care has to exercised to distinguish this mode from background events . We have

considered the following sources of background:

1. Strong interactions of secondary particles near the production vertex.

2. Weak decays of secondary particles near the production ver tex.

3. Electromagnetic events, preceeded by v aecay, and giving e*e" pa i r s

near the production vertex.
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All of this backgrounds will be constant per unit interval of range in the

important region near the vertex, whereas the signal from new particles will

decay with increasing range. However, chance juxta-position of an e e" pair

and a charged secondary track will appear as "pseudo-tridents" with a frequency

that diminishes with increasing distance from the vertex. This kind of ff -

produced background (topology with three particles) constitutes therefore a con-

fusing background. It can be experimentally accounted for by observing pairs

further downstream and might be resolved from the signal on a statistical basis.

It could also be that opening angles are different for the signal and the background,

thus making it possible to greatly reduce this type of background.



12. STUDY OF MULTIPARTICLE PRODUCTION IN 100 GeV/c

ANTIPROTON-DEUTERIUM INTERACTIONS

A proposal to study multiparticle production in 100 GeV/c antiproton-deuterium

interactions with the Fermi National Accelerator Laboratory 30-inch bubble

chamber was put forward to Fermilab, Batavia, 111. (FNAL proposal no 345.)

The proposal has subsequently been approved. The experiment is a collaboration

experiment between University of Liverpool, University of Stockholm and

Vanderbilt University, Nashville, Tenn.

The experiment will use a most extraordinary antiproton beam developed by

W. Neale, FNAL and Cambridge, England. Protons of 300 GeV energy fall onto

a target, charged particles are swept away and antiprotons from decaying anti-

lambdahyperons in the neutral secondary beam are collected and brought into the

chamber. The beam particles are tagged and consist roughly of 50 % ir and

50 % p .

The exper-ment is complementary to a 100 GeV/c antiproton-proton experiment

made by i-'NAL, Michigan State University, East Lansing, Mich, and Cambridge

University, England. That experiment uses a down-stream wide gap optical

spark chamber system. Our experiment will use a down-stream counter system

with Cerenkov and spark chambers. The number of pictures requested are

100 000.

The analysis will fnclude the following topics

1. Determination of pn cross sections and multiplicities. Comparison of

100 (JeV/c pn, pp, irp and pp reactions.

2. An s-dependent analysis of the pn reactions making use of the data at

lower energies.

3. Study of the v production.

I. Study of the diffractive systems

n -• pff

_ f _
n - prr ir tr
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5. Study of the fragmentation process

P
n -* ir

n -• A

6. Properties of the multiplicity distributions.

7. The possible existence of a AA component in the deuteron wave function.

8. Two particle correlations.

9. The strange particle cross section is rising in pp interactions being

c(A°) = 3.2mb, or(K°) = 9.2 mb and <r<7P) = 0.23 mb at 100 GeV/c.

The rise might be due to production of charmed mesons or baryons. A

useful number of strange particles will be obtained.

The experiment will give early knowledge on 100 GeV/c physics, knowledge on

operation of a hybrid system, consisting of a bubble chamber and a counter

system. The experience gained will be of very great value in the preparations

for CERN SPS experimentation.
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13. PLANNING OF EXPERIMENTS AT CKRN SPS

During the year considerable effort has been put in developing a program for the

study of strong interactions at SPS.

Wegt Area

The experimental program for the west area is fairly well defined, where among

the several experimental set-ups the Big European Bubble Chamber (BEBC) will

be available for strong interactions and neutrino physics. Our group has sub-

mitted a letter of intent to study high energy antiproton interactions in BEBC.

North Area

The north hall will come in use in 1978 and the experimental program for it is

being developed. A small study group was formed at the institute to discuss

possible future experiments in this area. Besides the discussions within the

group we have taken part in the discussions with external groups at CERN, Oxford,

Paris, Rome and other groups interested in similar experiments. During the

year three meetings were held to discuss the physics to be done and the experi-

mental get-up best suited to realize it (May 21-22, at Paris, Sept. 13 at Oxford

and Dec. 2 at CERN).

Physics motivation

Recent results from Fermi Laboratory have shown that the high energy hadronic

interactions are highly complex.

a. The average charged multiplicity at 200 GeV/c is ~ 8.

b. The average number of neutral particles at 200 GeV/c is ~ 3 .

c. The cross section for the production of strange particles is ~ 1/3 of the

tota! cross section.

(). The momenta of the secondary particles varies from a fraction to a few

hundred GeV/c.

t>. The angle of emission of these secondary particles extend up to 90° with

respect to the beam.
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The recent discoveries of ^-particles at BNL and SLAC have added a new dimen-

sion to this discussion. There is good evidence to believe that these particles are

hadrons (they are produced in photo production at Fermi Lab) consisting of a

charmed and an anticharmed quark. In that case the charmed hadrons are expected

to be produced in high energy hadron interactions. Through their decay they will

give rise to final states with many particles involving strange particles and/or

leptons.

To obtain a good or even a reasonable interpretation of these complex interactions

win require a combination of the good characteristics of several hitherto different

techniques. Based on the discussions held at these meetings setting up of a hybrid

system is being proposed. A detailed proposal describing the physics and the

experimental set-up i s being worked out and will be presented to the CERN SPSC in

February 1975.

The hybrid system

The hybrid system will consist of the following main components

a. A rapid cycling bubble chamber. - This is proposed to have a diameter of

80 cm and cycling up to 30 times per sec. It will be placed in a super

conducting magnet with a diameter of 1 m and 3.5 Tesla field. This will

procide a 4ff geometry and provide good information on all charged

particles up to 10 GeV/c. The rapid cycling facility will provide the

possibility to trigger the system for selected configurations.

b. A particle identifier. - Based on relativlstic size in a suitable gas the

detector will allow separation of tr/K/p in the momentum range 3-70 GeV/c

and between ir/p up to 100 GeV/c. This system is now being at the Fermi

Lab.

c A leading particle spectrometer/trigger. - The leading particle carrying

~ 80 % of the beam momentum will be badly measured in the bubble chamber

(almost no information on the momentum). A magnet with $0 em gap and

bending power ~ 4 Tm with multi-wire proportional chambers before and

after will provide the necessary information.
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d. Cerenkov detectors will be used to provide identification in the momentum

range not covered by the partible identifier. Another one is planned to give

beam tagging.

e. Multi-wire proportional chambers. Several of these will be used down-

stream to obtain better information on the momentum in the fringing field

of the chamber magnet.

f. Slow and fast y-detectors. - These will be used to provide information

on IT or to veto against them.

The proposed hybrid system is expected to cost~ 12 MS.F and if approved

during 1975 it will be ready for use by 1978 when the north area becomes avail-

able for SPS physics.
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15. TRAVELS DURING 1974

a. Experiments and meetings at CERN

Visiting scientist, S. Nilsson

TCC meeting and multi-dimensional analysis work, N. Yamdagni

Visit and FC meeting, G. Ekspong

SPC-, FC- and CC meeting, G. Ekspong

Programming work, P. Lundborg

SPSC meeting, P. Carlson

Exposure of 4 GeV/e v~, S.O. Holmgren, S. Rodebäck, Ch.Walck,
N. Yamdagni

SPCS meeting, P. Carlson

Experiment at CERN, P. Carlson

SPC meeting, G. Ekspong

Work at CERN, K. Alpgård, P.O. Hulth, U. Svedin, N. Yamdagni

Experimental work, P. Carlson

Study visit, P. Lundborg

SPSC-meeting, P. Carlson

SPC-,FC- and C C meeting, G. Ekspong
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SPC-, FC- and CC meeting, G. Ekspong

SPSC meeting, P. Carlson

SPC-, FC- and CC meeting, G. Ekspong

SPC meeting, G. Ekspong

SPSC meeting, P. Carlson

Exposure of < GeV/c ir~, N. Yamdsgni

SPSC meeting, P. Carlson

FC- and CC meeting, G. Ekspong
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h. Collaboration meetings

2 1 - 3 Collaboration meeting in Oslo, G. Ekspong

21. , r -29 . 3 Collaboraticn meeting in Oslo, K. Alpgård. P.O. Hulth,
V. Svedin, N. Yamdagni

1 l . - 6. 4 Multibody reactions collaboration meeting in Copenhagen,
J . Allan, G. BlomqvlBt
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27. 5.-28. 5 Collaboration meeting in Copenhagen, H. Johansson, P. Lund-
bo rg, B. Selldén

12. 6.-13. 6 Collaboration meeting in Oslo, H. Johansson, B. Selldén

21. 6.-28. 6 Collaboration meeting and work at CERN, E.Johansson

11. 7 Collaboration meeting in Oslo, U- Svedin

15. 8.-16. 8 Collaboration meeting in Helsinki, K. Alpgård, P.O. Hulth,
U. Svedin, N. Yamdagni

22. 8.-29. 8 K+-group meeting at CERN, N. Yamdagni

16.10.-17.10 Collaboration meeting in Oslo, H. Johaneson, L. Lundborg,
B. Selldén

19.11. -22.11 Collaboration- and TCC-meeting at CERN, S. Nilsson

c. Conferences and schools

6. 1 .-12. 1 Nordic Conference on High Energy Physics in Spåtind, Norway,
K. Alpgård, G. Blomqvist, R. Carlsson, S.O. Holmgren, P.O.
Hulth, E. Johansson, K. Johansson, P. Lundborg, S. Nilsson,
S. Rodebäck, B. Selldén, R. Stenbacka, U. Svedin, Ch. Walck,
N. Yamdagni

14. 6.-28. 6 The 9th Summer School In Theoretical Physics in Ekenäs, Finland,
R. Stenbacka

19. 6.-22. 6 Symposium in Trieste, G. Ekspong

24. 6.-28. 6 Symposium on antinucieon-nucleon interactions, Liblice-Prague,
S. Nilsson, S.O. Holmgren

1. 7.-10. 7 17th International Conference on High Energy Physics in London,
P . Carlson, G. Ekspong, N. Yamdagni

11. 8.-29. 8 CERN Computing School in Godöysund, Bergen, H. Johansson,
p . Lundborg

d. Other travels

12. 1.-16. 1

22. 3

24. 3 . - 6. 4

2. 4

8. 5

19. 5.-10. 6

20. 5.-25. 5

15. 8.-18. 8

2. 9 . - 3. 9

12. 9.-14. 9

1.11

4 . 1 1 . - 7.11

17.11.-20.11

Programming work in Bergen, S.O. Holmgren, P . Lundborg

Svenska Fysik» rsamfundet in Gothenburg, G. Ekspong

Seminars af the Institute of Physics in Stockholm, E. Johansson

Visit to the University of Helsinki, G. Ekspong

Visit to Gothenburg, G. Ekspong

K+-group meeting, RCBC-meeting, strange particle analysis in
Paris-C ERN-Leipzig, N. Yamdag&i

Invitation to the University of Warsaw, G. Ekspong

Visit to the University til Helsinki, 8. Nilsson

Programming work in Oslo, P . Lundborg

RCBC-meeting in Oxford, N. Yaadagni

Visit to Abo Akademi, 8. Nilsson

Programming work in Bsrgto, P. Lundborg

Visit to the University of Lund, 0 . Ekspoof
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SUMMARY

Division for Particle Physics, Institute of Physics, University of Stockholm

(Professor G. Ekspong)

The research in the field of elementary particle physics concerns hadronic

processes at high energies, using the facilities offered by CERN. The teams

carrying out experiments with bubble chambers are mainly working at the

institute, whereas the teams utilizing counter techniques are spending long

periods at CERN.

The equipment for bubble chamber physics at the institute consists of five

scanning tables, two manual measuring machines and one Spiral reader semi-

automatic machine (Danish-Swedish project). The computer has been a CD

3600 at the institute, but also computers in other countries, where collabo-

rating groups exist, have been utilized.

The research programme comprises a detailed study of amplitudes in 4 GeV

TT~P reactions leading to strange particle production, annihilation and non-

annihilation processes in 9 and 12 GeV antiproton-proton collisions, pro-

duction of strange particles and final state properties in 19 GeV pp colli-

sions, multiparticle final states including clustering effects also in 19 GeV

pp and a measurement of isospin amplitudes governing single pton produc-

tion in nucleon-nucleon reactions. A search for a possible AA-component

in the deuteron wave-function is being made, using data from the 19 GeV

pd-experiment.

One counter experiment has the aim to study hypercharge exchange processes,

another the elastic scattering differential cross sections of pions, kaons, pro-

tonB and antiprotons on proton* at energies of 10, 9, and 6.2 GeV. Investiga-

tions of antiproton-proton annihilations at A. 2 GeV are also in progress.

At CKRN GSR n Britlsh-Sciindtnavtan team studies pnrtlcle production at

large angles, recently with emphiisls of very low momentum secondaries

at angles close to !>0 in the center of muss system.
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PROJECTS

ro Research utilizing hydrogen bubble chambers

1. Antiproton-proton reactions at 9 and 12 GeV

2. Strange particle production in 19 GeV pp collisions

3. Quasi-two body reactions in 4 GeV 7r~p collisions, producing final

states with strange particles.

4. Pion production in pp and pd reactions at 19 GeV.

5. Deuteron structure problems as encountered in high energy

collisions.

6. High multiplicity reactions in 19 GeV pp collisions.

b) Research with counter techniques,

1. Klastic scattering of w , K and of protons on protons at 9 and 10

GeV.

2. Elastic scattering of K~ and antiprotons on protons at 6. 2 GeV/c.

3. Study of the hypercharge exchange reactions 7r+p -• K+Z^ and

K"p -• TT'L' at 10 and 8 GeV.

4. Single particle production at large angles at ISR energies.

RESEARCH STAFF

a) BtibMe chamber teams:

J. Allan, K. Alpgård, G. Blomqvist, R. Carlsson, S. 0. Holmgren,

P-O. Hulth, H. Johansson, P. Lundborg, S. Nilsson, S. Rodeback,

B. Selldén. R. Stentxickn, U. Svedin, Ch. VValck and N. Yamdagni.

b* ('(Mintet1 teams:

A. berglund, P. Carlson, K, Johansson and L. Leistam.
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FIGURE CAPTIONS

Fig 1 Definition of the cress channel isospin amplitudes for the reaction
N1N2 "* N3 (N4ff)

Fig 2 The angular distribution of the n" in the CM system in the reaction
pn -• pprr"• The arrow indicates the point of minimum.

Fig 3 The cross sections ml , m' , mi and the interference terms mi. ,
m03 ' m13 a s fuact*ons °* t n e beam momentum. In the plot of
m' the rectangles correspond to the variation of the parameter x .

Fig 4 The quantity {5fl. = mQ. / \mJ7mT as a function of the beam momentum.

Fig 5 The cross sections or. - ov as functions of the beam momentum. The
solid curves are the result of a fit to all cross sections in the energy
range 5-1480 GeV.

Fig 6 a) The total strange particle production cross section for proton-
proton reactions as a function of the beam momentum
b) The (YK) and (KK) parts of the cross section as a function of the
beam momentum.

Fig 7 The modified KNO function $' as a function of z ' .

Fig 8 The dispersion D versus the mean charged multiplicity < n . ) .

Fig 9 The average charged multiplicity < n . > versus the incident beam
momentum.

Fig 10 The comparison of the Lorentz invariant differential cross sections as a
function of | t | . The dashed lines indicate the value 1 expected if the fac-
torization hypothesis is satisfied.

Fig 11 Van Hove plotc to resolve between ambiguous hypotheses, in this case
tho ambiguity between npir+ and npir". Probability cut and beamcut

aie applied on data.

Fig 12 (p ) versus < |x| > for annihilation and non-annihilation processes.

Fig 13 Integrated cross section for various 'exotic' and 'non-ecotic' processes
at pi* = 0 as a (unction of p. ^ • The predicted end experimental points
for the process p + p - if + anything at 4.6 and 9.1 OeV/c are also plotted.

Fig 14 Plots of the single differential cross section and theoretical prediction
for the process p + p - f" + anything tt (*) 9.1 GeV/c and <b) 4.6 0«V/«.
The curve drawn through the theoretical points i s an 'tya-toaJl* fit.

Fig 15 The missing mass distribution for th« reaction K~p - f~+ . . .



Fig 16 The missing mass distribution for the reaction i p - K E .

Fig 17 A display of a typical event with one reconstructed track from the small

| t | setup. The display contains an overall view 3een from the top and

side of the experimental setup with the fitted tracks displayed as solid

lines. In each spark chamber module the spark6 are also displayed as

small bars. There is also some other information of the event such as
o

scattering angle, X for the line fit in the downstream telescope and
the pulse heights of the photo tubes in the Cerenkov counters. Two face-
on views of the upstream (Wl, W2) and down-stream (W4-W6) telescopes
are shown. The coordinates given by the spark chambers are shown as
lines along the hit wires (solid lines for coordinates used in the fit and
broken for not used coordinates). For a track perpendicular to a spark
chamber module these lines intersect in one point whereas due to the
distances between the planes in the module they appear to have a bad
intersection if the track has an angle with respect to the normal of the
chambers.

Fig 18 Layout for the geometry II part of the experiment.

Fig 19 Differential cross sections for it p elastic scattering at 10 GeV/c as

a function of t, the four-momentum transfer squared.

Fig 20 Comparison between our data at 5 and 10 GeV/c and the parton model
predictions are shown. The differential cross sections are plotted as
a function of the cosine of the centre of mass scattering angle.

Fig 21 Layout for the 9 GeV/c-experiment S.-S, are scintillation-counters,
C.-C, are Cerenkov-counters, T.-T. are counter-telescopes, W.-W.
are chamber-telescopes, V., V_ are veto-counters and M is the spec-
trometer magnet.

Fig. 22 Differential cross sections for proton-proton elastic scattering at
9 GeV/c and neighbouring momenta.

Fig 23 Experimental layout for the 6.2 GeV/c experiment. T., T_ and T,
1 o 4

are scintillator telescopes and W1-W4 are spark chamber telescopes.
Fig 24 Differential cross sections for K~p elastic scattering at 5 and 6.2

GeV/c.

Fig 25 Differential cross sections for pp elastic scattering at 5 and 6 GeV/c.

Fig 26 The invariant differentia] cross section for the production of pions,
kaone, protons, and antiprotons at v£ * 52.8 GeV and 8 = 89°.

on
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Fig 27 The p^ dependence of the charged particle composition at

Vs = 52.8GeVfor ly 1 = 0 .1 cm'

Fig 28 The normalized associated charge multiplicity to and on the same side

as the spectrometer as a function of the transverse momentum of the

spectrometer particle at the two c m . energies v£ = 23 GeV (•) and

\/B = 63 GeV (o). The corresponding quantity from the 19 GeV/c bubble-

chamber experiment is included ( Vs = 6 GeV (x)). The solid lines indi-

cate the results from the Pisa-Stony Brook Collaborations measurement

of the normalized associated multiplicity to a y produced at 90°. The

multiplicities are counted in the interval - 0.7 < 17< 0.7 at <p= 25° and

<p - 180° with respect to the lead glass detector. The energy is

V&~= 52 GeV.
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