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Monspuszosarueie mydku Ha 10 I'aB yckoputene OUAH (Hy6ua)

Hcenenosanus mo ciuHoBoii usnke ObLTH Havatel B JlaGopaTopuu Beicokux aHepruit OMSH B Havane
1980-x rT., KOrma MOIAPH3OBAHHBIC ACHTPOHHI OBUIH YCKOPCHBI Ha TyGHEHCKOM ycKopHTese Ha 10 I'sB
(cuaxpodazorpone). Hetounuk nonspusoBanHeix aedTpoHoB ITOJISIPUC npou3BoaHT NoNsSpU30BaHHbBIE
JCHTPOHBI KaK B BEKTOPHOI, TaK H B TEH30pHOH Mofax. CHCTEMa MEIUIEHHOTO BHIBOJIA N03BOJISET CHabXaTh
3KCNCPHMEHTANBHEIC YCTAHOBKH B OCHOBHOM 3KCIIEDPHMCHTAIBHOM 3ale My4KaMH . MOJNAPH30BAHHBIX

JEHTPOHOB ¢ HMITyJIbcamH 10 9 I9B/c ¢ HHTEHCHBHOCTBIO 10 S - 10° B umxn. ITepebie akcne puMeHTBI OBUTH
OPHCHTHPOBAHH HA W3YYeHHe MHKIKO3HBHEIX M GHHADHEIX DEaKiMA C MONAPH3OBAHHLIMH ACHTPOHAMH.
B 1995 r. 6pU1a ycTaHORTEHA MOJSIPH30BAHHAS NPOTOHHAS MUINEHb M CO3MAH KBA3MMOHOXPOMATHYHBIN
TMyYOK MONAPH3OBAHHBIX ICHTPOHOB VTS H3YYEHHs MOBEACHHS Pa3HOCTH rT’iJ'-)ccqunﬁ B UHTEPBAIE dHEPIHi
1,2+3,65 I'sB. B HacTosillee BpeMs OCHOBHOE KOJIBIIO HOBOTO CBEPXIPOBOISAILETO YCKOPHTENs (HYKJIO-
TPOHA) CMOHTHPOBAHO M ycnewHo Henerano. Ilocne BBONa B AEHCTBHE HOBOIO HHXEKTOpPA H CHCTEMBI
BHIBOJIA MCCINEOBAHMA 10 CMTHHOBOH (hH3HKE C MCMONB3OBAHHEM MNOJNAPH3OBAHHLIX AEHTPOHHBIX H Heli-
TPOHHBIX ITY4KOB GYNYT MPOIOIXEHB! HA 3TOM HOBOM YCKOpHTeJe. Henonp3osaHne Ha HYKITOTPOHE ra3oBoiH
MONSAPHIOBAHHON MHUIIEHH ¢ HAKONMHUTEAbHOH SYEHKOMH 1acT BO3MOXHOCTh PACHIMPHTh NIPOTpaMMy HCCIie-
IOBaHUIi O CIHHOBOM ¢hu3uke B JIBD,

Pa6ora Brhinonsena B JlaGopatopuu BeicOKHX aHepruit OHAH.
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Polarized Beams at the 10 GeV Machine of JINR (Dubna)

The spin physics program of the Laboratory of High Energies, JINR was started in early 1980s when
polarized deuterons were accelerated at the Dubna 10 GeV machine (Synchrophasotron). The source
of polarized deuterons POLARIS provides deuterons in both vector and tensor polarization modes.
The slow extraction system allows one to provide experimental setups in the main experimental hall

with polarized deuteron beams of up to 9 GeV/c momenta at an intensity of up to 5 - 10° per spill.
The first spin experiments were oriented to study inclusive and binary reactions with polarized deuterons.
In 1995, the polarized proton target was installed and a quasi-monochromatic polarized neutron beam
was prepared to study the behaviour of rT’iJ" cross section differences over an energy range
of 1.2+3.65 GeV. At present, the main ring of the new superconducting accelerator (Nuclotron)
is mounted and successfully tested. After new injection and extraction systems have been constructed,
the spin physics studies with polarized deuteron and neutron beams will be continued at this new machine.
The use of a gas polarized target with a storage cell at the Nuclotron can give an additional chance
to enlarge the LHE spin physics program.

The investigation has been performed at the Laboratory of High Energies, JINR.
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Introduction. The investigation of the nuclear structure ‘at short distances
is the main subject of research at the Laboratory of High Energies, JINR (Dubna).
Beams of relativistic nuclei (E > 1GeV/nucleon) are an effective tool to study the
nuclear structure at r < 0.5fm where quark-gluon degrees of freedom.in nuclei
should manifest themselves. In the QCD scale the phenomena of relativistic nuclear ..
physics should refer to the domain of long distances QCD, which problems wait
their decisions. Numerous experimental data have been obtained at the LIE and
other laboratories in studies of the cumulative effect - fragmentation of nuclei into
hadrons in the kinematic region forbidden for free NN —interactions [1],[2]. Many
nucleon and quark models proposed to explain the mechanism of cumulative hadron
production, cannot describe specific features of reactions of this kind requiring the
kinematic participation of a few correlated nucleons in the nucleus. Asin the study of
the inner nucleon structure, the short range nuclear structure cannot be successfully
studied without taking into consideration spin degrees of freedom in nuclei. The
deuteron as the simplest nucleus with the well-defined spin structure. (exc luding the
one of deuteron core, to be careful) is the most convenicnt ()b](‘(t for this kind of
investigations.

The first 'spin experiments at the LIIE have been carried out-to study inclusive
and binary reactions -with vector and tensor polarized denterons [3].  Some of
these experimental data.obtained with. magnetic spectrometers ALPIIA [1] and-
ANOMALON (5] arc shown in Fig.l. After installing the Saclay-ANL proton.
polarized target in 1995 , the LHE spin program is supplemented with spin
correlation experiments [6).

LHE accelerators and beams. At the present time, two accelerators operate
in the LHE: a) Synchrophasotron was put into operation in 1957 as a 10" GeV
proton synchrotron and modified later for the acceleration of ions up to 325, b) the
Nuclotron, a 6 GeV/nucleon superconducting accelerator of nuclei,which is in the
commissioning stage and is operating for physics only with an internal target at
present. A schematic view of the LIIE accelerator facility and a layout of the beam
lines into the main experimental hall are shown in Figs.2,3. "Main parameters of the -
accelerators and beam characteristics (7] for light nuclei are listed.in Tables 1,2.
Main beam line VP-1° transports particles from crossover F3, the final point
of slow extraction line MV- 1, -through ‘experimental hall 205 to* the béam dump
(Fig.3). Seven side beam lmcs 1V-7V provide ten physics setups with primary
beams over a momentum range of 2:9-GeV/c. Some experiments at the ALPHA
and ANOMALON setups were performed at the target location in F3 ThlS allowed
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Fig.1. Tensor analyzing' power (Tw) ‘and polarization transfer (ko) for deuferon
br'eakup and‘dzyi 'backward elasticiscattering, measured on polarized deutéron: beams
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Fig.2. Laboratory of High Energies accelerator facility
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the use of long (up to 70m) flight bases for particle identification. For experiments
with a low yield of registered particles (the deuteron fragmentation into cumulative
mesons, for example), the target is located in crossover F5 and secondary particle
beam line 4V with a large angular acceptance ( AQ =6-107%sr at Ap/p = £2%)
can be used.  Three liquid hydrogen targets 100 to 1000mm inlength are available
for deuteron beam experiments. , o

Table 1. Main parameters of the LHE accelerators, Synchrophasotron (SPH) and Nuclotron

Parameters - Units - SPH . -~ Nuclotron
Energy (max) A GeV 4 . - 6 .
Repetition rate p.ps. - 0.12- 05-1 .
Extraction time (max) s 0.5 10
Vacuum Torr 10~ —(10"7) 10-%-(10-7)

. Magnetic field (max) T 11 2.1
Circumference m © 208 T 252
Extracted beam™ '
emittance Ehor mm mr 35T 2.57

€yer . 40w ©'2.0m

Table 2. Light nuclei beam intensities (particles per cycle)

Beam SPH Nuclotron Nuclotron 4 Booster
(now) (plan) (plan)

P 4.1012 1-101T 1105

d 1-10!2 5.1010 1.10'3

d 5-10° 3.108 1-10M1

3He 21010 o o )

1He 5-101° 5.10°. 2.101?

Li 2-10° 2.100 ., 7 5.1012

12¢ 1-10° 7-10° Y2010

Deuteron beam polarimetry.  The 200uA cryogenic ion source POLARIS
is used to produce polarized deuteron beams at.the 10 GeV accelerator [9].
POLARIS operates either in the vector (HFS transitions 3 — 6 at pf and 1 — 4
at p;) or in the tensor (HFS transitions 2 — 6 at p}, and 3 — 5 at p,) polarization
modes. The sign of polarization can be changed pulse by pulse. To measure the beam
polarization after acceleration in the 5 MeV/nucleon linac, two types of low energy
polariﬁletefs with semiconductor detectors were used. The vector polarization was
measured via the measurement of the left-right asymmetry by detecting a-particles
at the elastic scattering of 10 MeV deuterons on *He, d+*He — d(126°)+*He(15°).
The tensor polarization can be determined by detecting stripping.protons in the
reaction d+3 He — p(0°) +* He on a 3He gas target.

- To measure the deuteron polarization at the slow extraction beam line VP-1, the
two-arm magnetic spectrometer ALPHA is used as a high energy polarimeter (Fig.4)
[10]. The deuteron polarization components (p¥, pt,) are measured by detecting the
deuteron elastic scattering on a hydrogen target. The vector A, and the tensor A,,
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Fig.4. High-energy polanmeter ALPHA IC - beam monitors; S (ST) ~ scintillation
counter (telescope); PC = multiwire proportional chamber; H - scint. counter
hodoscope; L1,L2 - quadrupole lenses; ML,MR - dipoles

analyzing power for this reaction at ps=3 GeV/c are known to a high precision {11].
The polarimeter arm angles are fixed at 7.5° as the value of A, shows no t-dependence
in the vicinity of the four momentum transfer —¢ = 0.15(GeV/c)?. To estimate
depolarization effects at deuteron acceleration over 3 GeV/c, the comparison of the
vector polarization p, was made at deuteron extraction on reaching a momentum
of 3 GeV/c and for deuterons accelerated up to 9 GeV/c , then decelerated down
to 3 GeV/c and extracted. The values of p, in these two measurements turn out
to be coincident within the limits of 4%. The¢ ALPHA polamnetcr provides a high
absolute. precision (Ap,(syst.) = 2%) in measuring of the deuteron polarization at
a registration point of 3 GeV/c. However, it is necessary to readjust repeatedly the
extraction system for 3 GeV/c using thls polarimetry method i in long time runs at
other beam momenta.

For experiments with a tensor polarizcd deuteron boam a more convenient
method was tested to check periodically the beam polarization. It is based on the
measurement of the tensor analyzing power T3q in the reaction d+ A — p(0°) + X.
The T3 has an extreme value of ~ —1 when the ratio of the proton to the deutcron
momentum p,/ps = 2/3 (it corresponds to the mtcrnal motnentum of proton in
the deuteron k=0.3 GeV/c)(Flg 1b). The value of Tao(k = 0.3) does not show dny
energy dependence in the” reglon from 3 to 9 GeV/c and there are no theoretical
reasons for its appcarance at higher energics. lor rath(,r a high proton yl(’ld al 0°
(dd;ﬂ ~ 100mbGeV ~'sr~ ¢ at py=9,p,=6 GeV/c) i increasing as p) with increasing
energy , the brcakup reaction can be recommended as an effective oxpross mothod of
tensor polarization monitoring of a hlgh energy deuteron beam. In (ompdrlson with
other known polarimetry reactions which analyzmg power drops with increasing
energy, this method has no_limitation at high encrgies. As an examp]e the
measurement result of 120(d — p) in a long time run for studying the tensor
polarized deuteron fragmentation into cumulative pions (d — 7r) is shown in Fig.1b
(the point denoted by a star). In the second run at the SPHERE spectrometer,
similar measurements were repeated 24 times during the five- day run and confirmed
a long time sta,blllty of the POLARIS operation. Typical values of vector and tensor
deuteron beam polarizations are p¥ = +0.5 and pf = +0.7. -~ =

Relativistic polarized neutron beams The most convement way to generate
high energy polarized neutron beams with well-defined characterlstlcs is the breakup
of relativistic deuterons. The deuteron breakup cross sectlon is a s1gn1ﬁcant part
of the total dA cross section which slowly changes in the GeV reglon The
propertxes of neutron beams produced in this way improve with' increasing beam
energy in accordance with the decrease of the ratio of the average internal nucleon
momentum in the deuteron to the neutron momentum in the laboratory frame
k{;’t"/pn At high energies, the angular spread (0s) and yield (Y) at a zero angle

behave as o4 ~ 1/p., ¥ ~ p?. However, the nonmonochromatlcy of stripping
neutron beam remains at any energies ( dp,/pn — const ~ kI"t*/m, ~ 0.05 at
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Fig.5. Neutron beam line for the experiments with PPT [6]

E — o0). The pola.rlzatlon of nucleons (PN) produced in the vector polarized
deuteron fragmentation is characterized by the coefficient of polarization transfer
ko = Pn/ Py, studied in a series of experiments (Fig.1a). It is shown that k, ~ 1 for
the predominant part of stripping protons. So, one can assume that neutron beams,
formed at 0°, have P, = Py, i.e. they inherit the polarization of primary deuterons.
The neutrons beams at the Dubna 10 GeV accelerator operate on the basis of a
slowly extracted deuteron bea.m Two neutron beam channels, sﬂ;ua.ted in the main
experxmental hall (Fig.3), were mounted [8]. The first channel assembled at the
end of the central VP-1 line. was used for methodical purposes. Neutron fluxes at
different neutron momenta obtained with a 20cm CH-target at the outlet of the
2. 5m long iron colhmator (¢30mm) are shown in Table 3.

Table 3.

P.,GeV/C WE} 15 177 2.9 15
T, /T2(10%) ppc_ 7.6 10° /01 35-10° /03 7.7-10° /0.5 1.6.10° /0.8 1.0-10° /1.0

The neutron beam line for the experiments with the polarized proton target
(PPT) is shown in Fig.5 [8]. The polarized neutron beam was formed by the
collimator composed of four stages: C1,C2 (¢4cm, ¢3cm,iron) and C3,C4 (42. 86m,
brass) 6m in total length. The collimator determined a solid angle AQ of 3usr,
an angular divergence of 1.2mrad and a beam spot in the PPT that fitted into
a ‘¢3cm circle. The PPT mneutron beam®line is equipped with the spin rotator
magnet of a 2.77 X m maximum field integral to turn neutron spins from_ the
vertical direction to the longitudinal one. During the runs, the neutron space
distribution was continuously monitored by a MWPC placed 0.5m downstream the

PPT (Fig.6). In the ﬁrst data taking runs performed at 1.92, 3.31 and 4.50 GeV/c,
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Fig.6. Neutron space dlstrlbutlons on the PPT beam line (p, = 4. 5G’eV/c)

neutron beam momenta, the intensities averaged over each run were 2.7-10%, 2.0- 10°

and 4.7 10°7/cycle at deuteron intensities of 5.3 - 108, 6.1 - 108, and 6.4 - 108d/ spill

(a composed Be, 17em+C, 6¢cmn target for deuteron strlpplng was used) The charge
contamination was neghglble (12].

Future progress of spin physics in, LHE is. connected with putting into

operation the new injector of the Nuclotron It will increase to a great extent

the intensity of polarized deuteron' beams (see‘ Table 2). This will open the ‘way -
for probing the deuteron spin structure at hlgh internal momenta unavailable up
to now. A small internal beam ‘emittance of the Nuclotron gives an opportunlty ‘
to use a polarized gas internal target with a storage cell. At a luminosity of
L > 1-10%em™%s™" and taking into account a low density of the gas target, it

makes possible studying, for instance, the Pomeron spin structure by means of the

measurement of asymmetry A, in pp elastic scattering in the region of Coulomb-

nuclear interference (—t o~ 1073GeV?/c?) [13]. A,, can be measured with an

uncertainty of §A,, = 1% at L ~ 1-10%®°cm~%s}, which corresponds to the target

density p; = 1013’at‘oms/cm2 the internal beam 1ntens1ty I'=10"p and Ty = 0.8us

( the time of one turn in the Nuclotron). The internal gas target has well-known

advantages of thin internal targets: a low density allowing the registration of low

energy recoils, small beam losses and the possibility to be used (in the time sharing

regime) 51multaneously with running external beam experiments.
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