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WHAT SHOULD BE MEASURED IN DEUTERON BREAKUP
WITH POLARIZED PROTON TARGET

E.A.Strokovsky

At present, two different approaches are used for interpretation of inclusive data on
deuteron breakup with emission of proton-fragments at zero degree by hadrons. According to
one of them the observed characteristics of this reaction (cross sections, polarization observ-
ables) are determined by the reaction mechanism and the deuteron structure at short distances
(in the commonly accepted sense) plays a minor role. According to the other approach it is the
deuteron structure at short distances which determines the observed trend of the data. Neither
of these approaches can describe the data even qualitatively in the whole investigated region
of kinematical variables, having particular success for some narrow region corresponding to
long distances. Installation of the polarized proton target at LHE JINR opens an opportunity
to perform a rather simple experiment which could discriminate one of these completing
approaches. The idea of this experiment is discussed in the present paper. Measurement of the
observable suggested here is a particular example of a general problem of a search for spin
correlations in inelastic reactions between particles separated well in 4-velocity or rapidity
spaces. In our particular case correlations of spin degrees of freedom between particles, one of
which is in the target fragmentation region and the other belongs to the projectile
fragmentation region, are discussed.

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

Yo ciIelyer H3MEPHMTh B PEaKIIHH HHKIIO3HBHOIO pa3Bajia
,ueifn'poua NOJAPH30BAHHBIMH IPOTOHAMH

E.A.Cmpokoeckuii

B HacTosee Bpems CYIIECTBYIOT 1Ba OCHOBHBIX MOXXOHA K HHTEPIPETAUHH HHKITIO3UBHBIX
AaHHBIX O pa3Basie NEUTPOHA AIPOHAMH ¢ BEUIETOM IIPOTOHOB-(PAIMEHTOB «Bliepen». CornacHo
ORHOMY U3 HHX XapaKTEPHCTHKH 3TOH PEaKLMH (CeyeHHs U NONAPH3ALHOHHbIE HabmoaaeMbie)
OMpENENAITCA B MEPBYI0 O4Yepedb MEXAHH3MOM DEaklLMH, a CTPYKTYpa ACHTPOHA Ha Manbix
PacCTOSHUSAX, IOHUMaeMast B OOLLIENPUHATOM CMBICIIE, HTPAET BTOPOCTEINEHHYIO posib. B 1pyrom
TMOAXOAE CYHTAECTCH, HAMPOTHB, YTO UMEHHO CTPYKTYpa AEHTPOHA HA MalIbiX PACCTOSHUAX OTpe-
AenseT, B OCHOBHOM, HabniogaeMoe NOBeaeHHe JaHHBIX. HH OXHMH M3 3THX MOIXONOB HE MOXET
ofeCreuTh ONUCaHHe TAHHEIX BO BCOH HCCIEN0BAHHON 061aCTH KHHEMATHYECKHX NEPEMEHHBIX
Haxe KayeCTBEHHO, X074 B OOOMX NOCTHraeTcd HEIIOXOE ONHCAHHE NAHHBIX B HEKOTOpOIR
061acTH, OTBealoUleH CPABHHTENPHO GONBLIMM PaccTOSHHAM. YCTaHOBKA MONAPH3OBAHHOI
npoToHHOH MuteHH B JIBD OMSH oTkphIBaeT BO3MOXHOCTS BBINOJIHUTE CPABHUTEJIBHO TIPO-
CTOH OKCIEPHUMEHT, KOTOpLIH Mor Obl JaTh OCHOBY I8 BHOOpa MeXLy STHMH KOH-
KYPHDYIOIHMH TOYKaMH 3peHHs. B manHoit pabote o6cyxnaercs umes Takoro omsita. Hime-
peHus Halmmionaemoii, MpeoXeHHble B 370l paboTe, MpeACTaBAAT coBOM YACTHBI Crydail
ofwelt npo6ieMbl MOHCKa KOPPE/IIUMA MEXIY CIIMHAMH 4actHll, XOPOLIO Pa3ieieHHbIX B [po-
cTpaHcTBe 4-CKOPOCTell Wik OHICTPOT. B 4acTHOM citydae, paccMOTPEHHOM 3ech, obcyXaaeTcs
KOPpE/IALHA MEXIY CIIHHOBBIMH CTENIEHIMH CBOGOIBI YaCTHLL, OZHA M3 KOTOPHIX [PHHALICXHT
obnactu dparMEeHTAlHH MHLIEHH, & Ipyras — CHapsia.

Pabota srmonuena B JlaGoparopuu BsicoKHX sHepruit OHSH.
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1. Why an Additional Polarization Observable is Necessary

Reaction d + (p, A) = p + X of inclusive deuteron breakup when proton is emitted at
zero degree with momentum p > p ;7 2 is under study about 15 or more years. Here p 418

the momentum of the initial deuteron. Data of high quality are obtained on differential cross
sections [1], tensor analysing power T20 [2] and spin transfer coefficient K, from the deu-

teron to the proton-fragment [3]. The main goal of these efforts was to get information
about deuteron structure at short distances where its nucleons-constituents can hardly be
treated as separate objects and quark-gluon effects should be revealed. Of course, such kind
of information can be obtained from experiments with electromagnetic probes as well; a
wide-spread belief is that it is the best way. But use of hadron probes has some advantages
before electromagnetic ones: apart from higher cross sections disintegration of deuterons by
hadrons is sensitive not only to charged (quark) constituents of deuteron but to its gluonic
component as well. The expression «deuteron structure» is used here in a commonly
accepted sense, i.e., it can be represented in terms of deuteron structure functions or its
wave function, which can be found as a solution of some set of equations with boundary
conditions corresponding to the problem of the stable bound system with the deuteron
quantum numbetrs.

Generally speaking, in the experiments mentioned above the polarization observables
were measured in the projectile fragmentation region and correlations of spin degrees of
freedom between incident deuteron and its proton-fragment were studied when these par-
ticles are more-or-less close to each other in the 4-velocity or rapidity spaces, i.e., the close
correlations were studied.

The motivation of experiments on hadro-disintegration of deuteron is based on implicit
assumption that the matrix element of this reaction can be factorized on two parts: the one
part is determined by deuteron wave function (DWF), the other one describes interaction of
the deuteron constituents with target, i.e., represents a particular reaction mechanism. The
assumption, or a belief we are talking about, is that the 2nd part of the matrix element, i.e.,
a particular mechanism of the breakup reaction, has comparatively weak influence on the
behaviour of the measurable quantities (the cross sections, polarization observables) which
are determined mostly by the DWF. This assumption can be expressed in other words as an
assumption of absence of significant spin correlations between target and projectile frag-
mentation regions when 4-velocity or rapidity spaces are considered. There are evidences
in favor of this (see, for examples, Refs. [4,5]). Still, this is not proven neither
experimentally nor theoretically so far. Therefore there is no commonly accepted inter-
pretation of the data mentioned above.

According to one point of view, the discrepancies between the data and theoretical
model calculations [S5] are a signal about necessity to make various modifications of the
DWF, according to the others [6], it is the reaction mechanism which is responsible for
these discrepancies.

Recently it was shown, that if the DWF has commonly accepted 2-component structure
with § and D waves at distances where nucleons can be treated as the separate entities, and
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if the reaction mechanism does not change
the spin state of the detected protons, then
the two polarization observables, T,, and

K, must be related and fill a circle on the
T20 - %, plane [7]. The experimental data

show that it is not so: at least one of these A
conditions is not fulfilled [4, 7]. The pre- d
sent state of theory and the experimental P
data base cannot provide a basis for a defi-
nite conclusion which of two possible rea-
sons is responsible for the deviation of the
experimental data from theoretical expec-
tations.

In all the experiments on the hadro-
disintegration performed so far only unpo-
larized targets were used. We would like to stress here that the breakup of unpolarized
deuterons on polarized protons can help much in finding of definite conclusion about the
relative importance of the reaction mechanism.

' Indeed, if one takes the assumption that the reaction mechanism does not change the
spin state of the detected proton, i.e., this state is determined by its spin state in the
deuteron before it was broken (at distances where it has a sense to talk about spin state of
proton in deuteron), then the polarization of protons Pp from breakup of unpolarized deu-

Fig. Inclusive breakup of deuteron in IA-like appro-
ximation

terons on polarized target must be zero. It is evident from the simplest IA-like graph of the
Figure widely used for interpretation of the breakup data. In other words: there must be no
correlation between Pp and polarization P, of the target, i.e., between spin degrees of

freedom when one considers particles separated far in the 4-velocity or rapidity spaces. This
correlation parameter is denoted here as Koyy where lower indices refer to the initial par-
ticles (projectile and target) and upper index refers to the detected particle; this notation is

constructed in analogy with notations used in Ref. [8] where elastic backward deuteron-
proton scattering (BES) was analysed.

On the other hand, if the reaction mechanism does change the spin state of the detected
proton, then there could be sizeable correlation between Pp and Pz . This is evident, for

example, if configurations with at least 3 nucleons (2 from deuteron + 1 from target) with
relative distances less than ~0.5 Fm in the coordinate space play significant role in the
process of the deuteron breakup with emission of a hard proton with momentum
p>py/2 '

Therefore the measurement of the spin transfer from polarized proton target to the
proton-fragment, ie., Koyy in breakup of unpolarized deuterons could give an almost

definite answer to the key questions: what we are studying in the deuteron breakup: a
mechanism of this reaction or the deuteron structure (if they can indeed be disentangled and
this question makes sense).
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2. Some Details of the Experiment

The experiment can be performed at LHE JINR using Moveable Polarized Proton Tar-
get which has been installed in the Laboratory.

In order to reach the main goal formulated above it would be enough to measure Koyy

»,

up to k of 300—400 MeV/c, where large discrepancies are observed between data and
almost all theoretical models. Here k is the light-cone variable (see [1, 2, 3, 5] for example).
In this kinematical region the breakup cross sections are rather big [1] and problem of
particle identification is not so difficult as it was in the previous experiments {2, 3], where
data were taken at k close to the kinematical limit.

Because of low content of polarized protons in the target working material used now,
it would be better to replace it by irradiated NH, which has two main advantages for this

experiment; -
« all the scattering centers are polarized because the nitrogen nuclei are polarizable as
well as protons;
+ the upper acceptable_level of intensity of the primary beam is much higher with
irradiated ammonia.

Another advantage of measuring Koyy in this experiment (as well as Koo;y in BES) in
comparison with measurements of k, or spin-spin correlation ny in the deuteron breakup

or BES [9] is that intensity of unpolarized deuteron beam at the Synchrophasotron or the
Nuclotron is much higher than the intensity of polarized deuteron beam. Therefore the data
taking rates will be limited by the setup capacity only.

The magnetic spectrometer with momentum resolution of ~0.3—0.5% placed down-
stream the target must include a proton polarimeter like the POMME polarimeter [10]
working at SATURNE or a new polarimeter to be built at LHE.

3. Conclusion

Measurement of the spin transfer coefficient K{)y from polarized proton target to the

hard proton-fragment in reaction of inclusive deuteron breakup at zero degree is suggested
to be performed at the extracted beam of unpolarized deuterons of the Synchrophasotron or
the Nuclotron. If this coefficient will be small and close to zero up to k ~ 300—400 MeV/c,
it will be a strong experimental argument that the breakup of deuteron by hadrons probes

the deuteron structure at short distances. If the coefficient Koyy will deviate significantly

from zero at k ~ 300—400 MeV/c, it will be an unambigious argument in favour of alter-
native approaches like those where reaction mechanism contains strong final state inter-
action and intermediate isobars and mesons play a decisive role or those where some system
of 9 quarks or 3 correlated nucleons appears in the intermediate state.

Of course, other possible spin observables should be examined (first of all theore-
tically) as well: the coefficient of tensor-to-vector spin transfer from tensorially polarized
deuteron to proton and the triple spin correlations (polarized deuteron, polarized target
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proton and polarized final proton-fragment). Some of them could be unsignificant within
IA-like models where graphs like on the Figure are dominant, but could be essentially
non-zero in alternative approaches.

In our particular case a particular correlation of spin degrees of freedom between
particles belogning to target and projectile fragmentation regions was discussed. In this
sense the measurements of observable suggested here give a particular example of more
general problem of a search for spin correlations in inelastic reactions between particles
separated well in 4-velocity or rapidity spaces.
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