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ABSTRACT

Results of the total cross section difference A<7£ in a np transmission experiment
(at- lTî -2r49~axrd~i£155~t!i-rrV^ are presented.

4-a4^ Laboratory -of—High
fbr4ifu^4ea^4iesea l̂i4o--EXubfta. Results were obtained

with a polarized beam of free quasi-monochromatic neutrons passing through the new
Dubna frozen spin proton target. The beam and target polarizations were oriented
longitudinally. Tfee-preseat-FesuU-s were obtained at the highest energies-ef—free
pektrizethneutrons that can be reached-at-ptesent.

GeV. The new results are compared with Aai(pn) data determined as a difference
between Aai(pd) and A(T[,(pp) ANL-ZGS measurements. The values of Aai for the
isospin state 1=0 were deduced using known pp data.



1. INTRODUCTION

The aim of this paper is to present new results of the neutron-proton total
cross section difference A<7£ measured with a quasi-monochromatic polarized neu-
tron beam and a polarized proton target. Results were obtained at the central val-
ues of 1.19, 2.49 and 3.65 GeV neutron beam kinetic energies. The free polarized
neutron beam was produced by break-up of polarized deuterons accelerated by the
Synchrophasotron of the Laboratory of High Energies (LHE) of the Joint Institute
for Nuclear Research (JINR) in Dubna. This accelerator provides the highest energy
polarized neutron beam, which can be reached now [1]. The present experiment is
the first one of series where the new Dubna polarized proton target was used.

The nucleon-nucleon (NN) total cross section differences ACT and Afft together
with the spin-independent total cross section cxotot are integral quantities linearly
related with three non-vanishing imaginary parts of the NN forward scattering am-
plitudes via optical theorems. They are used for absolute normalization in any theo-
retical or phenomenological analysis. The observable cxotot has been measured during
the last fifty years from 10~2 eV up to thousands of TeV. A surprising behaviour
in the energy dependence of aotot has been observed and remains unexplained. The
measurements of spin-dependent total cross section are rare due to a lack of polarized
beams and targets. All three observables are measured in pure inclusive transmission
experiments and need very high stability of detectors.

The total cross section differences for pp scattering were first measured at the
ANL-ZGS and then in a few other laboratories: TRIUMF, PSI, LAMPF and SAT-
URNE II. Results cover the energy range from 0.2 to 12 GeV. Another point was
measured at 200 GeV at FERMILAB for proton-proton and antiproton-proton inter-
actions. Measurements with incident charged particles need a different experimental
set-up than neutron-proton experiments due to the contribution of electromagnetic
interactions. Existing results are discussed in [2] and in references therein. The
isosp'in / =' 1 data are also needed in order to deduce the isospin / = 0 quantities
from np measurements.

Neutron-proton observables, Acr? and Aai using free polarized neutrons, were
first obtained in 1987 at SATURNE II yielding four points with relatively large errors
[3]. These results have been completed by new accurate measurements at 9 to 10
energies, between 0.31 and 1.1 GeV for each observable [4,5]. The Saclay results
were soon followed by PSI measurements [6] in the energy region from 0.14 to 0.59
GeV with a continuous neutron energy spectrum [7]. The Aar(np) or Aai{np) data
were collected simultaneously over the entire energy range. The PSI and Saclay sets
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allowed to deduce imaginary parts of np and 7 = 0 spin-dependent forward scattering
amplitudes from 0.14 to 1.1 GeV [2,5].

The observable A<7£,(np) has also been measured at five energies at LAMPF [8].
The measurements were done with a quasi-monoenergetic polarized neutron beam
produced in pd =$> n+X scattering of longitudinally polarized protons. Large neutron
counter hodoscopes have to be used because of the small neutron beam intensity.

In addition, at low energies, the observable Acr£,(np) at 66 MeV was measured
at the PSI preaccelerator [9], Acrr("p) was determined at 9 energies between 3.8 and
11.6 MeV in TUNL [10,11] and at 16.2 MeV in Prague [12].

In fact, for the first time A<7£,(pn) results were deduced in 1981 from the Aa^(pd)
and A<7£,(pp) measurement at the ANL-ZGS [13]. Taking a simple difference between
pd and pp results, corrected only for beam and target polarizations and for Coulomb-
nuclear rescattering including deuteron break-up, yields data in fairly good agreement
with free np data (see Section 6). Let us note that any correction for Glauber-type
rescattering including 3-body state final interactions [14] provides a disagreement [2].

In Section 2 we shortly describe the phenomenology of the experiment. Section 3
treats the LHE polarized deuteron and neutron beams and beam polarization mea-
surements. In Section 4 the new Dubna polarized proton target is described. The
experimental set-up for the Ao-£,(np) measurements with associated electronics are
described in Section 5. The data analysis and systematic errors are treated in Section
6. Results and discussions are presented in Section 7.

2. TOTAL CROSS SECTION DIFFERENCES

Throughout this paper we use the nucleon-nucleon formalism and the four-spin
notation of observables developed in ref.[15].

The general expression of the total cross section for a polarized nucleon beam
transmitted through a polarized proton target (PPT), with arbitrary directions of
beam and target polarizations, was first deduced in refs[l6,17]. Taking into account
fundamental conservation laws, it is written in ref.[15] in the form :

<?tot = <?oiot + VUOI(PB,PT) + °7toi{PB,k){PT,k), (2.1)

where PB and P-p are the beam and target polarization vectors (more exactly pseu-
dovectors), and k is the unit vector in the incident beam direction. The term &ot0t
is the spin-independent total cross section, a\tol and C2tot are the spin dependent
contributions. They are related to the forward scattering invariant amplitudes via



optical theorems [15] :

crotot = (2x/K)Im[a(0) + 6(0)], (2.2)

= (2n/K)Im[c(0) + <f(0)], (2.3)

= -(47r/A')/m[ef(0)], (2.4)

where K is the wave number in the CM system.

The total cross sections crtot and crotot are positive definite quantities. The spin-
dependent contributions <7it0t and C2tot are related to measurable quantities ACT
and ACTL by :

- AaT = 2(rUot, (2.5)

(2.6)

The negative signs for Aa-r and A<7£, in Eqs (2.5) and (2.6) correspond to the
usual, although unjustified, convention in the literature. The total cross section dif-
ferences are measured with either parallel or antiparallel beam and target polarization
directions. Polarization vectors are transversally oriented with respect to k for Aar
measurements and longitudinaly oriented for Aai experiments.

The total cross section differences A<JT and Acre are deduced from four total
cross section measurements, respectively. General expressions for Aar are given in
ref.[lS]; here we give relations for

= crotot + \PBPT\(°U°< + Wot), (2.7a)

= aotot - \PgP+\(crUot + <721o<), (2.76)

= ffotot - | P j P f \(aUot + ^2tot), (2.7c)

cr2tot). (

Since the beam polarization direction at the Synchrophasotron could be reversed
at every cycle of the accelerator, it is preferable to calculate A<JL from pairs of \Pg\
and \Pg\ measurements with the same target polarization. Values of |P^t| and \P^\
are well known as a function of time. The spin-independent term drops out when
taking the difference, and one obtains :

and



with beam and target polarized along k. The asymmetry, proportional to the arith-
metic average

\ £ \PE\) (2-9)

is continuously measured by beam polarimeters. One can see that an unpolarized
beam is not necessary for A&L,T measurements.

Possible effects of a counter misalignment and perpendicular components in the
beam (or target) polarization cancel out, giving the final results as a simple (un-
weighted) average

AaL = l;[AaL(P+) + AaL(Pf)]. (2.10)

Putting Eqs(2.Sa) and (2.8b) into Eq.(2.10) we have

More details are given in refs[4,18].

3. POLARIZED BEAM

Polarized neutrons and protons were produced by break-up of accelerated vector-
polarized deuterons [1] on a target of 17 cm beryllium and 6 cm of carbon. The
kinetic energy of accelerated deuteron decreases of 3 MeV by passage in air and then
of 17 MeV by absorption in the half of of the target thickness. The total losses
of (20 ± 17)MeV are practically the same at all measured energies and must be
subtracted from the nominal accelerator values. The neutron mean energy is then
one half of the deuteron energy in the center of the production target. The neutron
momentum distribution in the forward break-up reaction, due to the Fermi motion
of the nucleons in accelerated deuterons has a gaussian-like shape with FWHM ~
5% of neutron momentum.

The production target was positioned close to one focal point of the deuteron
beam line. Protons and deuterons were removed from the neutron beam by a bending
magnet. The deuteron beam intensity was continuously monitored by two calibrated
ionization chambers in front of the target. Neutrons were collimated by 6 m iron
and brass in a path of 7 m upstream from the transmission set-up. The neutron
angular divergence was ~ 1.5 mrad. The collimators and efficient shielding of the
experimental area decreased the low energy tail of the neutron spectrum to about
1%.

The neutron beam spot at the PPT was 28 mm in diameter. This spot was
monitored using charge exchange particles produced in a radiator of a proportional



chamber downstream from the PPT. The number of neutrons was determined in
dedicated measurements by an activation method. The deuteron beam intensities
and corresponding neutron fluxes at the PPT, averaged over the data acquisition,
are listed in Table 1.

Table 1

Averaged deuteron beam intensities and neutron fluxes at three energies

Tkin(d)
(GeV)

accererator

2.40
5.00
7.32

Tkin(d)
(GeV)

target center

2.38
4.98
7.30

Tkin(n)
(GeV)

mean

1.19
2.49
3.65

Deuterons
per spill

5.3xlO8

6.1xlO8

6.4xlO8

Neutrons
per spill

(PPT)

2.7xlO4

2.0xl05

4.7xl05

The neutron intensity decreases with decreasing neutron momentum piab(n) since
the neutron emission solid angle increases as a function of l/[ptab(n)}2- From Table
1 follows that the intensity decreases more rapidly due to a degradation of the beam
extraction efficiency at lower energies.

The repetition time of the Synchrophasotron was S to 10 sec, depending on energy,
and the spill length was typically 0.5 sec. The deuteron beam polarization direction
was flipped every spill of the accelerator.

The polarization of incident deuterons Ps(rf) was oriented along the vertical axis
and the polarization of the produced neutrons PB{n) had the same direction. The
neutron polarization was rotated to the longitudinal direction by a spin rotation
dipole with the maximum horizontal field integral of 2.7 Tm. The spin rotator was
positioned in front of the PPT and removed a considerable fraction of the protons
produced in collimators. The beam line allowed to extract the low intensity deuteron
beam towards the experimental area and check the beam alignment and bending of
deuterons in; the spin rotator. This procedure checks the signs of the Ao-f, results.

The absolute polarization of deuterons was deduced from the asymmetry mea-
surement of dp =>• dp elastic scattering. For this reason the deuteron beam was peri-
odically deviated into another beam line towards the two-arm magnetic spectrometer
ALPHA [19]. The deuteron beam momentum was set to 3.0 GeV/c where the analyz-
ing power is well known from the SATURNE II measurements [20]. Deuterons were
scattered in the liquid hydrogen target, forward deuterons and recoil protons were
detected in two pairs of kinematically conjugate arms at Qiab(d) = 7.45°. This angle
is close to a maximum vector analyzing power. The magnetic analysis of forward



deuterons removed inelastic events [19]. The measurement provided the PB(^) value,
directly related to the neutron beam polarization Ps(n). The results yields the mean
value for "up" and "down" neutron beam polarization \PB(TI)\ — 0.535 ±0.009.

No depolarizing resonances of the internal deuteron beam in the synchropha-
sotron exist up to the highest accelerator energy. This has been determined over
the entire energy range [19] using a beam decceleration method described in ref.[21].
Consequently, it was sufficient to determine the deuteron beam polarization at one
energy only.

A direct absolute measurement of the neutron beam polarization has not be
performed during the run. The PB(n) could be determined e.g. by a comparison of
the beam and target analyzing powers, Aoono(np) and Aooon(np), respectively [15],
assuming that the target polarization PT is known [22].

The stability of the Ps(^) value was continuously monitored by another beam
polarimeter [23], measuring quasielastic scattering of bounded protons in accelerated
deuterons on a CHi target. This polarimeter consists of two pairs of arms, each of
them equipped with two scintillation counters. Both pairs of arms were positioned at
pp => pp kinematically conjugate angles and measured the left-right asymmetry e(pp).
The angle was close to the forward maximum of the pp elastic scattering analyzing
power AOOno- The measurement showed the excellent stability of t{pp) during data
taking. The dispersion of Ae(pp) was smaller than ± 0.005 for each energy. This
was deduced from the x2 value fitting results of indivivual runs to a constant. The
mean values of t{pp) at four proton energies (including data at the deuteron beam
momentum 3 GeV/c) are given in Table 2.

Table 2

Mean values of the quasielastic pp asymmetry at four proton energies

Tkin(p)

(GeV)

0.S3
1.20
2.50
3.66

Plab(p)

(GeV/c)

1.50
1.92
3.31
4.50

9lab

(cleg)

14

14

8

S

0CM

(deg)

33.3
35.4
24.2
27.1

0.246 ±
0.2214 ±
0.1434 ±
0.0S07 ±

')

0.016
0.0015
0.0015
0.0020

4. POLARIZED PROTON TARGET

The Dubna target for the present experiment contains main parts of the Saclay-
Argonne frozen spin proton polarized target, used initially in the E704 experiment at



FERMILAB (USA) [24,25]. The target has been reassembled and upgraded adding
the missing parts for the purposes of the Dubna physics program. With respect to
the FERMILAB experiment a concept of a "movable polarized target" (MPT) has
been applied [26]. It consists in a transportability of the target from one experimental
area to another. All the major parts of the target assembly located close to the beam
line were mounted on two separate decks, which can be moved as units in and out of
the beam, even when the target is polarized.

The largest of the two movable decks contains the 3He/4He horizontal dilution
refrigerator mounted on a 1.5 ton concrete cube, a 30 £ service helium dewar of
the refrigerator, a 1000 I supply helium dewar, the 3Ht pumping system, the NMR
system and a microwave generator. These last two items are used for dynamic nuclear
polarization measurement and build-up. The quality of the vibrational insulation
was demonstrated by the fact that it was possible to work in the frozen polarization
mode at a working temperature of 50 mK without any additional thermal load to
the refrigerator, and only a negligible phonic noise on the NMR coils was observed.

A polarizing superconducting solenoid, its 300 I service helium dewar and power
supplies are mounted on the smaller deck. For easier operation and for a free access
to detectors, the target equipment not mounted on the decks is placed outside of the
radiation controlled area.

Remote control of the entire operation of the MPT consisted of the zHt and
4 He control panels, an interlock system, and controls for the NMR and microwave
systems. A new powerful two-arm cleaning system for ZHe was built (warm silicagel
traps and charcoal traps cooled by liquid nitrogen).

The target material used in the experiment was 1,2-propanediol CzH$(OH)2 with
a paramagnetic Crv impurity, having a spin concentration of 1.5xl020cm~3 (ref.[27]).
The propanediol beads were loaded in a hydrogen-free container placed inside the
dilution refrigerator. The PPT contains (8.93 ± 0.27). 1023/cm~2 polarized hydrogen
atoms. The target characteristics at the room temperature and at the temperature
of liquid nitrogen (70 K) are given in Table 3.

Table 3

Characteristics of the MPT.

Target
length
(mm)

[20°C]

200.0 ± 0.1

Target
diameter
(mm)

[20° C]

30.0 ± 0.1

Container
volume
(cm3)

[20°C]

141.37 ± 0.95

Sample
weight

(9)
[70 K]

95.5 ± 0.3

Filling
factor

0.67



The target polarization measurements were carried out using a computer con-
trolled NMR system. Maximum values of proton polarization obtained were 0.842
and -0.906 for positive and negative polarizations, respectively. The difference of mi-
crowave frequencies corresponding to polarization maxima was measured to be 340
MHz. The duration of one continuous run at a given sign of target polarization was
about 12 hours. The polarization degradation during this period was insignificant
since the nuclear spin relaxation time in the frozen spin mode (at a temperature 50
mK and magnetic field 2.69 Tesla) was over 1000 hours.

For further experiments a transverse polarization of protons (and deuterons) is
foreseen and a set of transverse holding coils is under construction.

5. TRANSMISSION DETECTORS SET-UP AND ELECTRONICS

The experimental set-up is shown in Fig. 1. The hardware used was described in
detail in refs[2,3]; here we give only the most important items. The setup consisted
of 5 independent units, two of them are used as beam monitors (Si), and the three
remaining ones as transmission detectors (Ty). The units were of similar design and
the electronics were identical. We can discuss only one pair of S,- and Tj (i = 1,2
and j = 1,2,3). Each unit consisted of a CHi converter placed behind a large veto
scintillation counter S3A (T3A). Charged particles emitted forward were detected by
two counters Si and S2 (Tl and T2) in coincidence. The monitor converters and Si,2
counters were 30 mm in diameter and the corresponding elements of the transmission
detectors were 90 mm. It has been measured that with increasing radiator thickness,
the detector efficiency first increases, reaches a broad maximum at about 60 - SO mm,
and then starts to decrease slowly. For this reason the thickness of all converters was
set to 60 mm. The transmission detectors, each close to the other were positioned 6
meters downstream from the target center.

The electronics of one S unit is shown in Fig. 2.

The following rates were recorded for each spill of the accelerator :

513 =(Sl.S3A).(S2.S3A),

T13 =(T1.T3A).(T2.T3A),

S1A =(Sl.S3A),

S2A =(S2.T3A),

T1A =(Tl.T3A),

T2A =(T2.T3A),
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as well as accidental coincidences:

S13F =SlA.S2A(delayed),

T1ZF =TlA.T2A(delayed)

and single counts in each of the six counters. These data were recorded for each unit
Si and Tj by sealers, and were read by the computer after the end of every spill.
A necessary statistics for this type of experiment can only be obtained from sealers
rates, rather then individual events written on tape.

6. DATA ACQUISITION AND EXPERIMENTAL ERRORS

If Nin is the number of neutrons incident on the target and Nout the number of
neutrons transmitted in a counter array of solid angle fi, then the total cross section
is :

Nout = Ninexp[-a(n)nHx}, (6.1)

where n# is the number of oriented hydrogen atoms per cm3 and z is the target thick-
ness. a(Q) depends on the polarizations Pg and P^ as shown in Eqs.(2.7a,b,c,d). If
one sums over the events taken with fixed target polarization P£ and P^ as shown
in Eqs.(2.7a,b,c,d) and using Eq.(2.8a) or (2.8b), the ratio of the measurements with
the beam polarization PB from Eq.(2.9) becomes :

(6.2)
out

for either target polarization P^.

Because Nout = T/TJ(T) and Nin = S/TJ(S) where T = T13 - T\ZF (5 =
S13 — S13F) is the number of neutrons seen in the T (5) detector and r){T) (T](S))

its efficiency, we get:

and
± AlnR(P±). (6.4)

As can be seen from Eq.(6.4) the statistical error of A<7£, decreases linearly with
increasing z. Uncertainties in a determination of PB, PT and n^.x are normalization
errors which move all results up or down independent of energy. We estimate the
relative errors APB/PB = ±2.3%, APT/PT = ±3.0% and A(nw.z)/(nw.z) = 3.1%,
including the uncertainty of the filling factor and a possible error of the target temper-
ature measurement. The spin rotator field setting and its inhomogeneity may provide



an additional systematic error of ±1.1%, which is constant during measurements at
one energy only.

All the formulae in Section 2 were deduced for a pure polarized hydrogen target.
The presence of carbon and oxygen in the PPT beads add terms otot(C) in Eqs(2.7).
These terms are spin-independent, since 12C has no spin and therefore its contribution
drops out in differences (2.8). The same occurs for 1 60 and 4He in the target.
However, there are negligibly small contributions from 13C and zHe, which may be
slightly polarized. This uncertainty was estimated to be 0.5%. No spin-dependent
effect from the teflon container for the Saclay target [28] in working conditions has
been observed. The ratio of polarized hydrogen to other target nuclei depends on the
target material, and is fairly independent of target size.

Since a transmission spin effect manifests itself in the presence of polarized beam
and target only, no contribution to ACT occurs if some beam neutrons miss the PPT.
This will increase the spin-independent term, subtracted in differences.

The extrapolation of Acr/,(f2) towards zero solid angle gives ACT ,̂. The maximal
solid angle subtended by each of the three T detectors from the center of the MPT
was about Q/aj = 3.44 x 10~4 sr i.e. 6ub = 0.6°. The laboratory angle corresponds to
0CM = 1.54°, 1.83° and 2.06° at 1.20, 2.50 and 3.66 GeV, respectively. The angles are
small enough that the extrapolation of results towards Q — 0 is not necessary. In our
energy range the difference between the measured value and the value extrapolated
to fi = 0 is expected to be smaller than at SATURNE II energies, where it has been
estimated to be less than 0.05 mb. This is much smaller than the statistical error in
the present experiment.

The neutron detection efficiencies of about 2% for all detectors are practically
constant with energy. The efficiencies were determined with respect to a calibrated
ionization chamber in front of the production target.

The counter array used provides very good stability of the detection efficiency.
Note that the results depend neither on the absolute efficiencies of 5", and T,-, nor on
their ratio (Eq.(6.3)). The small detection efficiencies decrease the probability for a
converted neutron to be accompanied by another quasi-simultaneous converted neu-
tron in the same detector. The "simultaneous" detection is to be understood within
the resolution time of a plastic scintillation counter (20 nsec). This probability was
estimated from results obtained with different neutron beam intensities and radiator
thicknesses [3,4]. For the same neutron fluxes, it increases quadratically with increas-
ing TJS,T- For high counter efficiencies (namely for pp transmission experiments) it
represents the dominant source of systematic errors. At SATURNE II the neutron
counter efficiences were of the same order, the neutron beam intensity was around
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7.107/spill (hundred times more) and the spill length was compatible with that of

the Synchrophasotron. The simultaneous conversion probability has been found to

be always smaller than 10~4, corresponding to a maximum systematic error of ±0.25

mb at Saclay. It was estimated to be negligible in the present experiment.

Possible misalignment of the detector components or the entire detectors pro-

vide left-right (up-down) instrumental asymmetries. The asymmetries in each 5,-

and Tj detector will depend on the transverse beam polarization components (PBTX

and PBS) only. For Tj detectors they are practically independent of the target po-

larization [3,18]. This asymmetry efln(msfrum) may be of the same order or larger

than the transmission effects, even for a small counter and radiator misalignment.

The «Bn(in5<rum) provides the same contributions to each pair of measurements in

Eqs.(2.7ab) and (2.7c,d) and it cancels out when taking the simple average of re-

sults in Eq.(6.4). Since the present experiment uses almost, longitudinal beam, the

displacement effects for Aai can be neglected.

The distribution of results from independent measurements for the same sign of

the target polarization show that fluctuations were about 1.005 times larger than

expected from statistics alone. We have added quadratically an error of ±0.5% for

random-like instrumental effects.

Table 4

Existing data for np differential cross sections and predictions

for Aookk(np) close to ISO" CM at several energies.

Tkin(n) (rfa/rffi)(180°) Aookk Aookk Aookk

(GeV) (mb) 170°CM U5°CM 180° CM

0.80
0.90

1.00

1.10

1.20
1.30

2.50

4.15

8.14
8.70

8.70

9.11
7.32

4.30

3.00

2.26

±
±
±
±
±
±
±
±

0.19
0.62

0.27

0.27

0.25

0.35

0.30

0.24

-0.549
-0.472

-0.409

-0.360

-0.329

-0.317

-0.864
-0.840

-0.828

-0.825
-0.832

-0.846

-0.911
-0.899

-0.897

-0.903

-0.916

-0.933

A possible inefficiency of the protection against charged particles (veto counters

S3A and TZA) may exist. Charged particles in the neutron beam are produced

mainly in beam collimators, in CHi radiators of all 5,- and T, detectors, and in the

target. Only a small fraction of the forward protons is polarized. They are produced

in the polarized target by elastic scattering of polarized neutrons on free polarized
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protons close to BCM — 180°. For the longitudinally polarized beam and target
one obtains a contribution from the spin correlation parameter Aookk{np), which is
included in the counting rate asymmetry for the observable Acr̂ ,. The Aookk spin
correlation has been measured at 1.10 GeV where its value at 178.7° CM reaches -0.53
± 0.01 [29]. This observable shows a rapid decrease towards large negative values as
a function of scattering angle. This could be seen in Table 4 where predictions for
AOokk{np) close to 180° CM [30] together with measured np differential cross sections
in the backward direction are listed.

In the present experiment at 1.19 GeV within the labotarory solid angle
ACl(lab) = 3.44 x 10"4sr (i.e. AQ(CM) = 2.27 x 10~3sr) and with the flux of
105 neutrons/spill, one obtains less than 1 scatter/spill. This corresponds to an ad-
ditional asymmetry of 10~4 for completely inefficient veto counters. From Table 4 it
follows that the spin correlation parameter contribution AOofcJt(nP) moves — Acr£,(np)
towards negative values. Since the efficiencies of veto counters are better than 98%
the additional asymmetry will decrease to 2.10~° and may provide a ±0.1% sys-
tematic error. The Aookk(l80°)CM observable represents one of parameters which
determine the real parts of scattering amplitudes for the isospin / = 0 state. A
measurement of this observable at ISO" CM is foreseen in the future.

Table 5

Transmission measurements for different MPT configurations.

MPT configuration

MPT absent
MPT solenoid istalled only
MPT without the propanediol sample
MPT operationnel

Transmission

ratio

1.000
0.994
0.936
0.729

Other checks were performed in order to estimate the target effects. Measure-
ments were, carried out with an empty polarized target, with the target removed
from the solenoid and without any target element in the neutron beam line. Results
of these tests are listed in Table 5. All transmission ratio results are in excellent
agreement with calculated values.

In Table 6 is given a summary of the maximal contributions to Acrf,(np) from
different sources of systematic uncertainties.
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Table 6

Summary of systematic uncertainties.

Origin of the uncertainty Contribution ±
to A<T£,(np)

Beam polarization 2.3
Target polarization 3.0
Number of polarized target H-atoms 3.1
Neutron spin rotator 1.1
Polarization of other atoms 0.3
Inefficiencies of veto counters 0.1
Random-like instrumental effects 0.5

The total systematic error is then ±5% of the measured value. The absolute error of
±0.05 mb due to the extrapolation towards zero solid angle is to be added.

7. RESULTS AND DISCUSSION

All combinations of the two monitors Si,2 and three transmission detectors Ti^.3
counting rates were taken into account. They provided a check of the compatibility
of the results. The final results for this experiment were deduced from measured
rates Yli^i an<i HZjTj f°r corresponding beam and target polarization configurations.
They are listed in Table 7. The errors of the present results contain statistical and
systematic errors added in quadrature. Results are shown in Fig. 3 together with
existing data [3,4,6,8,9] measured with free polarized neutrons. All data smoothly
connect in the entire energy region. The solid curve was calculated by the energy
dependent phase shift analysis [30] where the present results were not introduced.
We observe a fast decrease in the — Aai(np) energy dependence. This seems to be
in disagreement with the PSA predictions, but no extrapolation is allowed out of the
region of existing data.

In Fig. 4 the fit to data above 0.4 GeV (curve 1) is compared with the differ-
ence between —A<7£ (<fp) and —A<T£,(pp) results obtained at the ANL-ZGS [13]. We
observe a good agreement above 1 GeV and a confirmation of the — Aai,(np) energy
dependence, discussed above.

The similar quantity in pp transmission, Aa^pp), also decreases with energy [2]
and tends to zero. This is in agreement with the prediction of a nonperturbative
QCD model for spin effects, treated in ref.[31]. The model predicts that the quark
interaction induced by strong fluctuations of vacuum gluon fields, i.e. instantons
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[32], provides the large contribution to the Aai observable [33]. Important features
of this interaction are its spin and flavor dependence. The interaction cannot vanish
only for the quarks which have the same helicity but a different flavor. The maximal
instanton contribution to the — Aai{np) is shown in Fig. 4 by the dot-dashed curve
(2). Two minima were predicted for instanton-induced contribution : one close the
two-pion production threshold (a), second one at the (2n + 77) threshold (b). The
model can explain qualitatively the observed A<7£, energy dependence for np as well
as for pp transmission.

It will be very interesting to measure the total cross section difference
using the tranversely polarized beam and target. This quantity may show a different
behavior at high energies, according to a prediction of this model.

The lowest lying exotic quark configurations in the isospin state 7 = 1 and the
spin-singlet state 1 So with the mass of 2.7 GeV (Tt,-n(p) = 2.1 GeV) was predicted
by Lomon, LaFrance and Gonzalez [34-38]. The authors used the Cloudy Bag Model
and an R-matrix connection to long range meson exchange forces. Their prediction is
in qualitative agreement with Resonating Group Method calculations for constituent
quark models (CQM), as predicted by Wong [39] for the relativistic CQM, and by
Kalashnikova, Narodetskii and Simonov [40] for the non-relativistic CQM.

A resonance-like structure has been suggested by the energy dependence of the
A<T£,(pp) [2,41], as well as by the measurement of the spin correlation parameter
AOonn(pp) at 90°CM [42]. Other indications can be found in refs.[43-48]. The present
data allow no conclusions yet and new measurements with smaller steps in energy
throughout the region from 1.5 to 4.0 GeV are highly desirable.

Using the known Aai{jpp) data one deduces Aai values for / = 0 from :

AcL(I = 0) = 2AaL(np) - AuL{pp). (7.1)

These data will have roughly two times larger errors than np data. In order to
deduce Aai{I = 0) values from the present measurements, the averaged values of
the ACTJT,(pp) data measured at SATURNE II and at the ANL-ZGS were used (see
ref.[2] and references therein). The results are given in Table 7 and plotted in Fig.
5, together with the PSA predictions from [30] and the values deduced from PSI,
LAMPF, ANL-ZGS and Saclay np measurements.

The — Aff£,(/ = 0) value sharply increase towards low energy (at 66 MeV
—Aai{I = 0) = (88.6 ± 4.0) mb). At high energies we observe an unexpected
although well pronounced maximum somewhere above 1.5 GeV, followed by a rapid
decrease with increasing energy. It means that — 2Aac(np) decreases faster then
— A<7£,(pp) in this energy range. This behaviour is also in qualitative agreement with
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the instanton model. It supports more strongly the prediction of ref.[49], concerning
a position ot the lowest lying exotic quark configuration for isospin / = 0 in the
spin-triplet wave 35X at a mass 2.63 GeV (Tkin(n) = 1.8 GeV). In the AcrL(J = 0)
the spin-singet partial wave 1SQ (I = 1) is absent and the 35i wave (/ = 0) may be
predominant. To confirm this observation a measurement of Aor(np) is needed in
order to deduce A<XT(I = 0). In the last quantity the uncoupled spin-triplet is absent
and the coupled spin-triplet amplitude is expected to be less diluted.

Table 7

-A<TL(TIP), -Aai,(pp) and -A<7£,(/ = 0) data.

Tkin{n)

(GeV)

1.19
2.49
3.65

-AcrL(np)

(mb)

7.10 ± 3.70
-0.85 ± 1.32
0.30 ± 0.84

9.

2.

1.

\aL{p

(mb)

98 ±
02 ±
74 ±

'P

0

0

0

• )

.25

.29

.04

-AoL(I = 0)

(mb)

4.22 ± 7.40
-3.72 ± 2.64
-1.14 ± 1.68

8. CONCLUSIONS

The present results increase the energy range of existing Aai{np) data up to 3.66
GeV. The Dubna results connect smoothly with the Saclay free np measurements
and are in excellent agreement with the pn quasielastic ANL-ZGS data. They are
compared with existing models and with the presictions of the phase shift analysis.
Using the present np results and the existing pp data measured at SATURNE II
and at ANL-ZGS, the Aai values for the isospin state / = 0 were obtained. They
show a well pronounced sharp maximum above 1.5 GeV. Our results will improve
spin-dependent dispersion-relation calculations as well as the existing PSA solutions.
The data can also be used to check theoretical models.
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Fig. 1 Experimental set-up for the &OL(np) measurements. Si, S2, S3A, Tl, T2 and
TZA are scintillation counters, and CHi are radiators.
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Fig. 2 Electronic diagram of the monitor detectors. D are discriminators, and arrows

denote the sealers.
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Fig. 3 Energy dependence of Acr^np). Meaning of the symbols : • present experi-
ment, diamond PSI, ref.[9], + PSI, ref.[6], V LAMPF, ref.(8), o
SATURNE II, refs.[3,4], solid line PSA, ref.[30).
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Fig. 4 Fit to the existing np data (solid curve 1) com pared with ANL-ZGS data from
ref.[l3j (A). The maximal instanton contribution to the -Acr^(np) is shown
by the dot-dashed curve 2. Two minima were predicted for instanton-induccd
contribution [33] : one close the two-pion production threshold (a), second one
at the (2TT + T]) threshold (b).
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Fig. 5 Energy dependence of A<7{,(/ = 0). The np data plotted in Figs. 3 and 4 were
used (the present symbols have the same meaning). The pp data were calculated
from the Saclay-Gcucva PSA [50,51] for up results from refs.[3,4,G,8|. ANL-ZGS
/ = 0 data arc given by authors of rcf.[13]. At 1.19 and 2.49 GcV pp data were
taken as average values from ANL-ZGS and SATURNE II measurements [3,4,13].
At 3.65 GcV interpolated pp values from ANL-ZGS were used.


