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The quantity AcL(rT) 17’ ), the difference of n ? total cross sections for antiparallel and

parallel longitudinal (L) spin states, has been measured for the first time in an energy region
of several GeV using a free polarized neutron beam and a polarized proton target. The new
data are discussed together with existing results and modem theoretical predictions. This is the
first of a planned series of measurements of A, @ p ) in this new energy region.

The investigation has been performed at the Laboratory-of High Energies, JINR.

H3MepeHHs pa3HOCTeH MOJHBIX 7 p p ceueHHil B YHCTBIX COCTOSHHAX
no cniMpansHocTH npu 1,20, 2,50 u 3,66 I'>B

B.H.Illapos u Jp.

Bemmuuna A O’L(IT) ? ), PasHOCTb MOMHBIX g ff)ceqeﬂuﬁ IUIS aHTHNApAVIENBHLIX H napan-

NEABHBIX NpoAoAbHEIX (L) CTMHOBHX COCTOSHHi, BNEpBbie H3MEPEHA B 00MaCTH 3HEPIHil He-
cxosko B ¢ Henob30BaHHEM MOMIAPH3OBAHHOTO ITyYKa CBOGONHBIX HEHTPOHOB H TIPOTOHHO#H
NONKPH3IOBaHHON MuuICHH. HoBHE pesynbraTel 0GCYXIAI0TCS COBMECTHO C HMEBIIHMCA Habo-
POM [aHHKX H C COBPEMEHHbLIMH TEOPETHUYECKHMH NPEACKA3aHUIMH. DTO Nepabie HIMEPCHUS U3
TUIAKHPYEMOH CepHH H3MCPEHHH pasHoCcTel AoL_T (n ;75 C MPOJOJNILHBIMH M MOMNEPEYHBIMH

OpPHUCHTAUHAMK CTIIHHOB MTy4Ka H MHILICHH B 3TOH HOBOM OGIacTH 3HEpIUi.
PaGoTa euinonxexa B JlaGoparopuu seicokux aHepruit OMAH.

1. The aim of this letter is to present new AOL( 7’) data over an energy range of

several GeV and to prepare for continued measurements of this polarization observable and
(rT) _)) (with transverse orientation of particle spins) in this new energy region. The

results were obtained using the new free neutron polarized beam [1] prepared at the JINR
LHE accelerator facility [2] that now provides the highest energy polarized neutron beam.
The large reconstructed polarized proton target (PPT) [3,4] was used in the present
experiment, and this is the first of a planned series of measurements with this PPT.

The total nucleon-nucleon cross section can be written as [5]:

ctot=6

0(0( Itot(P P )+a

Py D, K), (M)

where Pb and P' are the beam and target polarization vectors, k is the unit vector in the

incident beam direction, Sotot

and 0,  are related to the observables A S, 1 by:

is the unpolarized total cross section and the spin-dependent

contributions o,
tot

-Ac;=26(Mh)-olMl/ P, P,)=20,,, @

A6, =2[6(3)~o(@&)]/(P,P,) =20, + Oy ) (3)

The total cross section differences A6, and A 6,, along with G, , are related to the

Otot’
three nonvanishing imaginary parts of the nucleon-nucleon (NN) forward scattering
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amplitudes via optical theorems. A set of existing data on these observables is used for a
direct reconstruction of the amplitudes and for a NN phase shift analysis (PSA) [e.g., 6,7].
The existing data on A G, r (see Ref. [8] and references therein) for pp-scattering cover

an energy range from 0.2 to 12 GeV. For np-scattering, these observables have been
measured only to a neutron beam kinetic energy of 1.1 GeV [8]. The goal of the present
studies is to obtain detailed 7, ?data in an energy region of several GeV.

The AGL(? n ) data were first obtained [9] over an energy range from 0.51 to 5.1 GeV

. . -
using a bound neutron target, i.e., from AO'L(F) d’) and AGL(p_)IT)) measurements. The
values of A O'L(Z)')ﬁ"

free 7” ?data obtained later in the energy range below 1.1 GeV, because there are model-

dependent difficulties for extraction of the p_)r_z_)valucs from the A GL(fJ—) d )and A GL(p_) ;_7_) )

) extracted by the authors [9] and in another way [10] disagree with the

data. The energy behaviour of these ;7) n” data is even different from the free 7> ?data {8]
and they arew not included in the PSA [6]. This is also one of the reasons for obtaining
free 77, ;T)data in an energy region higher than 1.1 GeV.

2. The transmission method was used to measure AO'L(rT) 17) ). The neutron flux M

before the PPT was determined by a monitor detector (see Fig.1b), and another neutron
detector was used to measure the neutron intensity N transmitted through the PPT. For a
given neutron beam energy, the measured total cross section difference is given by:

NM*

Ao, = In
MNT

L ppP
P

, )
bt

where n, is the density of polarized hydrogen nuclei (ﬂcmz) in the PPT, and N* /M ™* and

N7 /M~ are the normalized rates of the transmission detector for parallel and antiparallel
spins, respectively. As the measured value of A 6, depends only on the ratio of monitor and

transmission detector rates, the result is independent of the absolute efficiencies of the
monitor and transmission detectors. It is only important to keep the detector efficiencies
stable, and to keep the detectors at the same location during data taking runs. The neutron
beam polarization was reversed every cycle, as requested. This allowed us to minimize the
influence of some possible sources of errors, e.g., a possible temporary shift or drift of
some neutron beam characteristics. To avoid a systematic uncertainty due to possible
detector and target misalignments relative to the beam, the measurements were carried out
for both signs of target polarization, and then a simple average of the results was made.

3. The experimental set-up (see Fig.la,b) included both polarized deuteron and
polarized free neutron beam lines [1,2], two beam line polarimeters (absolute and relative)
for measuring and monitoring the deuteron polarization, a polarized proton target [3,4],
neutron transmission detectors, electronics and data acquisition systems.

The beam of free polarized neutrons with a well-defined value and orientation of the
polarization (the same as for the deuteron beam) was obtained by the breakup of vector
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polarized deuterons on the production target BT. The 0° angle breakup process has a high
neutron yield with a maximum for a neutron momentum of p. =p,/2 and FWHM =~ 5%

[11]. The production target consisted of 17 cm Be and 6 cm C. An intense deuteron beam
passed through BT. Charged secondaries and noninteracting deuterons were deflected from
the neutron beam direction by a dipole magnet CM and went into a shielded beam dump to
reduce the background level in the neutron detectors. To form the required size (30 mm) of
the neutron beam spot on the PPT with a suitable angular divergence (~1.5 mrad) and a
minimum halo intensity, a set of iron and brass collimators C1-C4 (the total length is 6 m
in a path of 7 m) was inserted into the neutron beam line after the CM up to the neutron
monitor detector.

The intesity of polarized deuterons was continuously monitored using two calibrated
ionization chambers placed in the deuteron beam line before the BT. The values of the

deuteron intensity, averaged over each data taking run, were 5.3 X% 10%, 6.1x 108, and

6.4x 10 (77 cycle at deuteron beam kinetic energies of 2.4, 5.0, and 7.32 GeV, respectively.
When preparing the neutron beam line, the neutron flux was measured by an activation
method. During these test runs, the neutron beam profiles were also measured using a
nuclear emulsion method. The intensities of polarized neutrons, averaged over a data taking

run, were 2.7 X 104, 2.0x 105, and 4.7 x 10° rT7cycle at neutron energies of 1.2, 2.5, and
3.66 GeV, respectively.

The neutron beam had the same vertical orientation of polarization as the accelerated
and extracted deuteron beam. To precess the neutron spins from the vertical to the
longitudinal direction, a suitable dipole (spin-rotating magnet SRM) with a horizontal
magnetic field and a maximum field integral of 2.7 Teslameters, was mounted before the
PPT. The SRM was used after precise magnetic field mapping [12]. During the data taking
runs and tuning for each beam momentum, the SRM magnetic field was continuously
monitored for stability using a Hall probe.

As follows from [13,14], the relation between the polarizations of the 0° breakup
proton with momentum P,=p d/ 2 and the incident deuteron is Pp/P ;= 1. Assuming

identical breakup conditions (P, =~ Pp), we have measured the polarization of the deuteron

beam in order to know the neutron beam polarization. For absolute measurements of
deuteron polarization, a fast beam line polarimeter [15] was used. It consisted of a liquid
hydrogen target, situated at focus F5 of the extracted beam line VP1 (Fig.1a), and two pairs
of detector arms with recoil proton detection and magnetic analysis of scattered deuterons.
(This polarimeter operated when the deuteron beam was not deflected towards the neutron
beam line 1V). The dp-elastic scattering, with precisely known analysing powers [16] at a
deuteron momentum 3 GeV/c, was used as a polarization analyser. Each of the two pairs of
polarimeter arms were positioned at kinematically conjugate angles close to the maximum
vector analysing power. The positive and negative values of deuteron vector polarization,
measured before and after the data taking runs, were close to each other

P; =+0.530£0.013 and P, =-0540%£0.012 with an average value of
|P,| =0.535£0.009.



18 Sharov V.1. et al. Measurements of the i°p° Total Cross Section

During data taking, the deuteron beam polarization was continuously monitored by
another polarimeter [17] with a thin tagret 5 mm CH, placed inside the deuteron beam line

(Fig.1a). Each of the two pairs of arms of this device were positioned at kinematically
conjugate angles, close to the maximum analysing power for free pp elastic scattering, to
measure the left-right asymmetry €(pp). The average values of €(pp) for all the runs were:
measured to be 0.2193 £ 0.0015, 0.1410+ 0.0007, and 0.7514 +0.0010, respectively, at 1.2,
2.5, and 3.66 GeV.

A target with frozen proton polarization initially developed for a Fermilab experiment
was used [3,4,18,19]. The target material was 1,2-propanediol (C3H802) with a

paramagnetic Cr(5) impurity having a spin concentration of 1.5 x 102° cm™ [20]. A load of

140 cm’ propanediol beads in a plastic thin wall capsule 200 mm long and 30 mm in
diameter was placed inside the dilution refrigerator. The determination of the density of
polarized protons in the PPT was based on the conventional method of measuring volume
and weight. The density of hydrogen nuclei was estimated as n,= (8.93+£0.27) x

x 102 ;_77 cm?. The neutron transmission of the PPT measured before data taking was 0.73.

This value is close to the calculated one. The measured transmission of the «empty» target,
i.e., a capsule without propanediol beads, was 0.94.

The target polarization measurements were carried out using a computer-controlled
NMR system. The typical values of proton polarization were + 0.84 and - 0.90 for positive
and negative polarizations, respectively, with ~3% uncertainties. The duration of one
continuous data taking run at a given sign of target polarization was 12 hours. Polarization
degradation over this period was insignificant, since the nuclear spin relaxation time in the
frozen mode at a temperature of 50 mK and the magnetic field of 2.5T was above 1000
hours.

Our neutron detection equipment (Fig.1b) for the AGL(E') 17) ) measurements was

analogous to that used in Refs. [21,22]. Each neutron detection module consisted of a veto
counter for incoming charged particles followed by a CH, converter and two adjoining

scintillation counters in coincidence. The converter was placed immediately behind the
large veto scintillator, and the neutron flux was measured by detecting charged particles
generated by neutrons in the converter. Such a method of neutron detection has a relatively
small efficiency (~2%), but the efficiency is quite stable. Using two similar detector
modules for monitoring the incident neutron beam let us increase monitor statistics by a
factor of ~2. The rates of monitor detector modules were simply added.

To increase the transmission detector statistics, three neutron detection modules were
used to determine the flux of neutrons that passed through the PPT without interaction. In
this way, the statistics were enlarged by a factor of ~3. The data were analysed separately
for each module of the transmission detector, and the result for Ao, was obtained as a

weighted average. The solid angle subtended by the transmission detector from the center
of the PPT was ~0.2 msr (Blab~ 0.6°). It was estimated that the difference between the

measured value of A GL(O =0.6°) and the extrapolated A OL(O =0°) is less than 0.02 mb, i.e.,
much smaller than the statistical errors.
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Two independent data acquisition systems were used during the data taking runs. The
following information was read out by the first one for each accelerator burst from the
CAMAC scalers: rates of two ionization chambers used for monitoring the primary
deuteron beam intensity; rates of two monitor and three transmission detector modules;
rates of accidental coincidences for all the neutron detection modules; and rates of the left
and right arms of the continuous deuteron beam polarimeter. This information was
recorded, processed, and displayed for on-line monitoring of the performance of the
apparatus.

The other data acquisition system was used for monitoring the efficiency stability of
each scintillation counter by watching pulse-height distributions.

4. The results of the Ao, (7°p’) measurements are (7.1£3.7), (-0.85+1.32), and

(0.30£0.84) mb at neutron beam kinetic energies of 1.20, 2.50, and 3.66 GeV, respectively.
The errors are statistical only. The systematic uncertainty, caused by the measurement
uncertainties of beam and target polarization and target thickness (see above), is estimated
to be ~5%. Our — A GL(n P ) values are shown in Fig.2 together with the available n _)data

[8]. The solid curve presents the fitted —A o (n 7 ) energy behaviour from the PSA [6]

L —'A (—) ——))
30 ¢ al\np
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20 k O SATURNE I
JINR—DU,BNA
o 15k (this experiment)
- C — PSAFA95
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Fig.2. Enefgy dependence of A cL(rT’ 17) ) obtained with fre¢ neutron
polarized beams. B this experiment; e, w and o existing LAMPF,
PSI, and Saclay data (see references in Ref.[6]). The curves are
explained in the text
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Fig.3. Energy dependence of A ¢, (I = 0). The notation is the same
as in Fig.2

(FA95 solution). The measured —AGL value at 1.20 GeV is close to results at nearby

energies, and the other two show a fast decrease in contrast to the tendency of the PSA
solution.

Using the 7° p pand p p’p p’data, one can deduce values of A o, for the isospin state /=0:

Ao (I=0)=2A0,(Wp) - AG,FP) 5)

The values of A GL(I 0) obtained from our results and the existing ), D and data [8] are

plotted in Fig.3 together with the PSA (6] prediction. These new data and the results of
upcoming measurements of Ao, 1(:7’ ;7) ) over the new energy range will be important to

extend the evaluation of the characteristics of NN-interactions to higher energies.
The investigated energy region corresponds to the possible generation of heavy

dibaryons (M > 2.4 GeV/c?). Precise and detailed A 0, {°p’) data will also be very useful

to verify the predictions of some modern resonance models. For example, there .is a
prediction [23] of the possible manifestation of an exotic 351 dibaryon (M =2.63 GeV/cz)

in the energy behaviour of Ao, n’p’) near 1.8 GeV. There is also a model [24] for the

formation of a heavy dibaryon state with a color octet-octet structure in this energy region.
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Another interesting prediction for the energy behaviour of AO'L(rT) 1_)') ) has also been
made recently [25] (see also Ref. [26]). The contribution to AO'L(rT) 13') )} of the

nonperturbative flavour-dependent interaction between quarks (NPQCD) induced by a
strong fluctuation of vacuum gluon fields, or instantons [27], was estimated in Ref. [25].
This contribution is shown in Fig.2 by a dash-dotted line and agrees well with the data. An
anomalous energy dependence of the instanton-induced interaction near 2r and 2%+
thresholds leads to large contributions of this mechanism to spin- dependent Cross sections.
Using such a model, one can explam qualitatively the observed dip in the energy depend-
ence of the existing Ac (n p°) data near the 21 production threshold at 0.6 GeV. The

magnitude of the instanton contribution near the 27 + 1 threshold at ~2.0 GeV, is predicted
to be ~3 mb, which is sizeable. Hence, more precise and detailed A ©, r measurements over

this energy range are needed to test this model.
This instanton model [26] was also used for an analysis of the CERN and SLAC data
on the spin-dependent cross sections of longitudinally polarized leptons (].T,>_§ on

longitudinally polarized protons and deuterons. Thus, a continuation of the AGLT

experiments using the PPT at the polarized nucleon beams of the JINR LHE accelerator will
give the possibility of obtaining complementary information concerning the problems of the
spin structure of nuclear matter and the QCD vacuum. Such a model is also related to the
problem of the anomalous violation of baryon number conservation in weak interactions
induced by instantons, which can be experimentally tested at the LHC [25,28]. Hence, the
experimental examination of this instanton model will be very useful at intermediate
energies,where reasonably large effects for the spin-dependent NN cross sections near
production thresholds are predicted.
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