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Introd uctioп 
Tl1e I'eseaгclt of tl1e deuteгoп stгuctшe iп tl1e гelativistic range .is of 

emiпeнt iнte1·es t fOl' l'elativistic пuс!еаг pl1ysics iп connectioп with fun
dameпtal р1·оЬ!ешs - coпfiпemeпt , spiп cl'isis, vacuuш structure, etc. It 
is kiiO\Vll tltat tl1e deutel'Oн is tl1e most simple bound systeш consisting 
of пucleoпs анd tllci·efoгe it \Vas iпteпsively iпvestigated experimentally 
as \Vell as tl1eoгetically. Tlte existence of гelativistic polarized deuteron 
beams (Dubna, Saclay) орепs fшtl1er possiЬilities апd tl1e hope to receive 
пе\v iпfOl'matioп оп tl1e lligl1 momeпtuш сошропеnt of the deuteron - the 
stt·oпg-coupliпg pol aгized sta te of tlte systeш \Vl1en its size becomes less 
thaп опе of tltc fl'ee coпstitueпts анd iп tllis \Vay forms а droplet of quark 
шаt te1·. 

Tlte simplest геасtiоп апd tlte basic опе to understand the deuteron 
s t1· uctшe itself, tlte pec uli aгities апсl шecltaнisms of ltadroп-deuteron апd 
ннcleнs-deutei·oн iнteJactioнs is tltc р + D --+ р' + Х process in the kiпe

шaticali·egioн fOI·blcld eп fог siп g le пuсlеоп t a1·gets. 
Tlte cxpcl'imcпtal da.t a fo1· tl1e fгagшeпtatioн Cl'oss section of the un

polal·ized deuteгoп \Vas JHeseнtcd iп Ref. [1-3]. Tllis da.ta was numerically 
discussed iн tlte fгаше\vшk of Jelativisti c dyнamics on tl1e light-front [2-6] . 
Iп tl1e analysis \vеге used Jelativistic \Vave fuпctions obtaiпed from nonrel
a tivistic опеs (Paris, Понп, Reid). Tlte a.Jgument of the latter шeans the 
relative ннсlеон momeнtuш iп tlte ceнtel' of ma.ss f1·аше of tl1e nucleon pair. 
Tl1e relativistic kiпem a.tic \Va.s takeп iпto a.ccount as well . The analysis of 
tltis data slю,vs tl1 at tlte spccta tol' шeclщnism domiпates iп: the region 
q < 0.2 .GeV jc (q is tl1e пuс!соп шошенtшn iп tlte deutel'On rest frame). 
А slюulder appea.Jed iн tl1e геgiон q = 0.2 - 0.4 GeV /с and enhances the 
tlteoretical ca.lcнlat ion s based оп tl1e im pнlse approximatioп \vith differ
ent deute1·oп \vave fннctions. Tltis cпltaн cement was coпnected with the 
1·esoнartce рiон шecltaпism dне to tlte ~-i soba1· p1·oduction. At tl1e same 
time tl1e valнe of tl1i s coпtl'ibнtioн is stl'OJtgly depeпding оп the off-шass 
sl1ell beltavioш of' tlte N N --+ 1r Х veгtex. 1Ъе raпge of шomentum q > 0.4 
GeV /с up to tl1e kiпematic limit is exti·emely iпteгestiпg because naшely in 
tbls 1·апgе accoгdiпg to tlteшetical a.ssншptioпs tl1e t1·ansition to the quark 
level may Ье possiЬle and tlte пuшЬе1· of fiп a.l states of tl1e ]J + D --+ р' + Х 
process is st1·oпgly гest гi cted. 

The experiшeпta.li·es нl t s of tlte fragшeпtation process for tensor polar
ized deuteгons to ргоtонs \Va.s pгeseпte<l iп Ref. [3, 7]. Tl1e teпsor analyzing 
pn\vcг Т20 \vas mсавн гссl at DнЪн а. нр to q = 0.51 GeV /с and a.t Sa.clay up 
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to q = 0.42 Ge V /с. Tl1e tl1eoretical description of Т20 up to q = 0.2 Ge V /с 
including only spectat01· mechanism is in good agreement with tl1e data. 
In the intermediate region, contributions from different reaction mecha
nisms are obvious and tl1eir magnitudes are iпtensively investigated [8,9]. 
In the deep cumulative range (q > 0.4 GeV /с) strong disagreement be
tween the data and standard calculations iп tl1e impulse approximation is 
observed. It was shown in Ref. (11] that tl1e momentum of the incident 
proton at Dubna and Saclay is not sufficieпt to transit to tl1e asymptotic 
regime where mass corrections of the N N ---> 1r Х vertex and the absence 
of the cross section factorization must Ье taken into account. Under these 
assumptions the calculated momentum dependence of Т20 on the incident 
proton momentшn is in good agreement \vitl1 tl1e observed data. 

Tl1e last expe1·imental data on tl1e vector polarized--deuteron fragmen
tation to polarized p1·otoпs was presented iп Ref. (12,15]. Tllis data was 
analyzed in Ref. [10] takiпg tl1e rescatte1·iпg апd absorption mechanisms 
into a.Ccount. Iп Ref. [11] tl1e dерепdепсе of vector polarization trans
fer coefficient (К) оп tl1e iнcideнt р1·оtон mOineпtum and the asymptotic 
behaviour of tllis obsei"vaЬle \vere pt·eclicted. 

In the present раре1· we consider tl1e fJ·agшeпtatioп p.rocesses 
р + jj ---> р' + Х, р + jj ---> р ' + Х, р + D ---> р' + Х of tensor, vec
tor and unpolыized deuteroпs to protons iп tl1e frame\vork of the covari
ant approach iп tl1e ligl1t соне variaЬles оп tl1e basis of tl1e relativistic 
deuteron \Vave fuпctioп \vitl1 опе nucleon оп-шаss shell [16-19]. We in
vestigate the dерепdепсс of tl1e tensш analyziпg po\ver Т20 and vector 
polarization tJ·ansfei" coefficieпt ]( он tl1e шошепtuш of nucleon-spectator 
scattering at tl1e angle (}Р, = 140°,180° and tl1e шoшentum of the iпcident 
proton kp = 4.55,8.9,50, 103 (GeV /с). Calcula.tioп of polarization char
acteristics for differeнt deutel'Oll and р1·оtоп spin 01·ientations were шаdе. 
The obtained results \VeJ·e compa.1·ed \vitl1 tlю asyшptotic bel1aviour of 
these observaЬles and tl1e experiшental data. Tl1e experiшental verifica
tion of tl1e predicted шошеntuш and aпgulю· dependencies of the tensor 
analyzing power and tlю vector pola1·izatioн traпsfer coefficient near the 
kiнeшaticallimit is of g1·eat iпtCI·est. 

1. Relat.ivistic lmpнlse Approximation for the Deuteron 

The impulse aprнoxiшatioп is bascd он tl\C assumption of tl1e iнde
pendeнt interactioп of tl1e iпcideпt p;;нiiclc {lt) \Vitll constituents (N) of 
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Figure 1: Tl1e amplitн<le of tl1e h + D---> lt' + D' pюcess in the IA (а). The 
iшagina1·y рю· t of tl1e foпva.I"d amplitude оГ tl1e h + D ---> h + D process in 
tl1e IA (Ь ). 

tl1e deute1·oп (D). Iп tl1is a.ppюximation tl1e a.шplitude of tl1e process is 
desпibed Ьу tl1e Fеушпап dia.g1·юн (Fig.l( а)) . 

Не1·е kp(kp'), р(р') , /,:(!.:') a.I"e шошеntа of tl1c incident (final) particle, 
the deuteron а1нl of tl1e cleuteJ·oн coпstitueнt, 1·espectively. Tl1e top Ьlock 
is the aшplitude of" tl1e !t + N ---> 1~1 + N' p1·ocess, the bottoш one is the 
amplitude of tl1e N + D ---> N' + D' process. 

Iн tl1e нoпrela.tivistic limit (k2 ~ m2,k'2 ~ m 2 ) botl1 nucleons are near 
mas-s-shell due to tl1e sшall Ьinding епе1·gу fD ~ т. Tl1e constituents of 
the deu_teron а1·е пucleoпs . Tllis assumptioп is proved experimentally. All 
deuteron models take tl1is fact into accouпt. Iп tllis limit according to the 
optical tl1eoreш tl1e ima.ginary part of the for,vard scattering amplitude 
Fig.l(b) is соппесtес\ 'vitl1 tl1e пoss sectioн of the process. Tl1e proton 
deuteron пoss sectioп ( о1· otl1eг obset·vables) is expressed via the proton 
constituent ct·oss sectioн а.пd tl1e deutet·oп \va.ve fuпction. Tl1e hypothesis 
of the amplitude factшizatioп \Vas used as \vell. 

In tl1e RIA tl1e опе пuсlеон appt·oxiшatioп is \videly used too. The ba
sic object of tl1e iпvestiga.tioп is tl1e DN N ve1·tex connected with the rela
tivistic deuteJ"oп \vave fuнctioн (RDWF). Diffe1·eпt relativistic approacl1es 
[4,5,19-21] \Vet·e used to coпstt·uct tl1e RDWF. Iп the fraшework of covari
ant approaches in tl1c t·elativistic 1·egion tl1e coпstituents leave the mass 
sl1ell апd their pt·opei·ties may Ье diffet·eпt ft·oш free ones. Therefore the 
hypothesis of tl1e amplitude factшization апd consequently the cross sec-
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tion factorizatioп ша.у Ь с violated. Not.c tl1at iн tl1esc approa.cl1cs tl1e 
DN N vertex dcsпibes not опlу tl1c N N сошропепt of RDWF (S and 
D-waves) but also tl1e N Н pair pi"oductioн сошропепt of thc RD\VF (P
wave). In the t·elativistic I"egion tl1e coнt1· ilнttioн of tl1e last шec11anism 
may Ье considerable анd tllC iпvestigatioн of it шау give the information 
on the ·vacuuш structui"e. 

2. Tensor Analyzing Power Т20 of tl1e 71 + D-+ р' + Х Process in 
the Relativistic lшpulse Approximation 

In the RIA tl1e teпsor a.пalyzing po\vet· Т2о of tl1c p+D -+ р' +Х pt·ocess 
ln tl1e fraшe\VOI'k of tl1e СО\'<нiанt fol'lnali sш iп tlн~ ligl1t - coпe variaЬles \vitl1 
tl1e RDWF (18] is dcЛпNI IJy tl1e f'om111la 

Т2о = ..J2 . Sp{A(~> . Р~~· >} 
3 Sр{Ао( {З . (l(u)} · 

н ) е> /З 

Here р~~,р~~) щ·е tl1c uпpol arized ашl tl1 c tcн sot polarized pal'ts of the 

polai"ization deнtCl'oп <lcJJ sity шаtгiх. Tl1 c t cн sol' А~~ is expressed via tl1e 
DN N veгtex fнпсtiоп Г.,. as follo\vs 

A~J =(т+ k)-1 f и ( т+ rj)Гrз (m + k)- 1(kp +от+ (Зk) . 

Figшe 2 sho\vs ca.lcнlatioп I'csults of t l1c <.lcpcпclence of Т20 on tl1e шo
mentuш of tl1e p1·otoп- spcctatOI· scattel'c<l a t tl1c aнgle Вр' = 140°, 180° for 
tl1e шошеntа kp = 4.55, 8.9, 50, 103 Ge V /с of tlю incident proton. Duriпg 
the calculatioп the шass pat·;шicteгs а = 1. , (З = О. were used. lt is seen 
а noticeaЬle depeпdencc of Т20 оп tl1e нюmслtнш kp . With increasing kp 

tl1e Т20 tends to the asyrнptotic liшit . Not.c tlнtt all curves at Вр' = 180° 
do поt cross tlte <lasl1ccl li 11с, \vitlt <lccJ·easi пg о", tl1ey шоvе up and cross 
the dasl1ed liпe at q = 0.51\ GeV /с . 

Figure 3 slю\vs tl1e compaгisoн of tlю ott г t·csults of Т20 \vitl1 experi
шeпtal data (3,7] . C~oo<l apeemcлt bct,vecll tl1cOJ'Y and experiment can 
Ье sеен at kp = 4.5.5 (~с\! fc. At tlte lo\v шон1снtшn kp = 1.75 GeV /с it is 
necessat·y а ШЬ1·е detail ccl calcнlation of tlte cxclusive р + D -+ р' + р + n 
p1·ocess to describe tlte iп cl11sive р + D -+ 7/ + Х one. During the calcu
latioн рю·ашеtс1·s о= 0.5, fJ =О. \VC I'C н sccl . Note that our curves for all 
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Figнre 2: Тенsог a.JJa.lyzi 11 ~ JIO\VN Tlo of 1 11<' Jl + D -+ р' + Х pt·occss iн the 
RIA: (а) Вр' = 1:10° , (l1) 01,- = 180°. 

lllOШCHta kp at fJ", = HI0° <1 0 11 ' t Cl'OSS tJ1e ()a.s)ICC) ]iне iп COHtrary to other 
rcsults (3,6,7]. Tl1c гс;щн1 of tl1is, iп онг орiнiон, is the violatioп of tl1e 
ampli_tude fact01'izatio11 iн tltc t·elativistic ге).?;iоп. 

3. Vecto r Polarizatioп Traпsfer Coefficieпt of the р + D -+ jj 1 + Х 
Process iп tl1e Relativistic Iшpнlse Approxiшation 

Tl1e vectoг polaгi zat. ioн t. га.п s Ге1· co~fll('i(•ll!. Гюш deuteroп to proton is 
аЬlе to give iпclcpCiнlelll. i11Гогшаtiон он t.l1c clcнteroп spiн structure in 
tl1e J·clativistic t ·cgioв . lв tl1c ША tl1is oiJsC'I'v·able iн tl1e fraшe\vork of 
covat·iaнt foпнalisш iн t.l1e ligltt-coнc •·aгiables ( 19] is defiнed Ьу forшula 

S J{J\oi} . J( v )} [( = 1 (v) r .. ;1 

Sp{A cr;з. I!"J} . 
(11) r " 1з 
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Figure 3: Tensor analyzing power Т20 of tl1e р + D -+ р' + Х process in the 
RIA. Experimental data: о - Dubna (7), х - Saclay (3) . 
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Here p~J is tl1e vectOI' J><Ht of tl1e pola.гizatioн cleuter·oп deпsity matrix. 

Tl1e tensor A~vJ is expгesscd as follo\vs 

A~J =(т+ kГ 1 f' alss(m + q)ГJ3(m + k)- 1(kp + am + {Зk) . 

Figure 4 slю\vs calculatioп 1·esults of tlre сlсрепdепсе of К1 , К2 , ](3 on 
the proton-spectatoг шошепtum апd tlrc sca.ttCI·iпg aпgles Вр' = 140°,180° 
for tl1e nюmenta kp = 4.5.5, 8.9, 50, 103 Ge V /с of tl1e iпcident proton. Tl1e 
parameters а= 1., f3 = О . \vere used. Also vщ·ious kinematics (noncopla
nar- (а) and coplaпar· - (Ь,с)) for differcпt clcuteroп апd proton-spectator 
spiп Ol'icntatioпs at·c coлsiclcrcd. Iп tl1c fi1·st kiнcmatic (а) spiп vectors of 
the deuteron аш\ tlrc JHot:oн-spectatOI' а1·с pet·pcнdicula.r to tlre scatteriпg 
рlане . Iн tl1e otlrcг cases tlюiг spiн vcctoгs lie 011 tl1e scatter·iнg рlа.нс . 
Tl1ey are perpcпdicular· ( Ь) or pa.гallcl (с) to нюшснtа of tl1e iпcident pro
ton and tl1e p1·otoн-spcctatш·, гcspccti\·ely. 

In Fig.4( а),(Ь) it is slю\VП tlra.t tl1c crr г\·сs (о г Вр' = 180° do not differ 
from eacl1 otl1e1·. - Внt \vitlt deпca.siпg 8", tlrcsc cшves l1ave differeпt be
llaviouг. Tl1ey ar·e teнdiлg to tlle a.syшptotic Ьcltavior \Vitlt iпcreasiпg kp 
анd ltave а поdе пеаr tltc шошснtнm q = 0.3 Gc V /с. Curves iп Fig.4( с) 
have diffe1·eпt qua.lita.tivc Ьeltaviouг f1·ош tlrc a.lюve ones апd а strong an
gular dерепdенсе botlr at. sшall q < U.l СсУ /с arнllar·ge q > 0.4 GeV /с. 

Figшe 5 sl10\VS ош ca.lcнlatioп гcsнlts aJl(l cxpcгimeпtal data [12-15] on 
tl1e vector polar·iza.tioл t1· aнsfcг cocfГtcic11t i11 t.lrc fi1·st kiпematic. Dubпa 
data [15] is preliшiпыy. Cood а.gгссшенt. l>ct\VCeJl tl1e01'y апd experiment 
is obse1·v~d. Dшiнg tlrc ca.lcнla.tioп tlю mass pa.гametcгs а = 0.5, f3 = О. 

\Ve1·e used. Tl1e сош ра.riюн о Г Sa.c\a.y a.JI(I D 11 Ьпа data slюws а similar 
dependeпce он tl1c iлcicl eнt JHOtoп шошспtшл. Such а depeпdence was 
predicted iн Ref. [11]. Tlte coпtiннa.t. io11 о( tlrc шea.sшement of ](1 to 
tl1e region q = 0.5- 0.6 GeV /с is of gгcat iпtet·cst fOI' tl1e understaпdiпg 
of tl1e deute1·oн spiп st1·нctшe аш\ tltc co!llJ><Hisioп \vitl1 otlter theoretical 
calculations. 

4. Inclusive Cross Sectioп for the Jl + /) ~ 7/ + Х Process in the 
Relativistic Iшpulse Appt·oxiшation 

No\v \Ve ргеsенt tlrc calcнlatioн J ·csнlts о/· t.l1c iнclusive cross section for 
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this process. In tl1e RIA it is defiнcd Ьу tl1c cxpt·cssioн 

<i3 a (u) Оt{З trA 
Е-3 = К· f10tf3 • Р(и) · apN> dq 

where К is а kiнeшatical factor, а~% is thc total cюss scctioн ofthe p+N-. 
Х process. 

We have iнvestigated tl1e шomcнtum dсренdенсе of the cross sectioн on 
the mass parameter а анd tl1e restt·iction due to tl1e kiнematical boundary 
of the reaction. 

Figure 6 sl!O\VS tl1e !'csults of our calculatioн of tl1e cross section with 
RDWF [18] . Cнrves 1,2 arc calculatcd fог kp = 4.55,103 GeV /с without 
taking into accouнt tЬе kiнematical lюuнdагу of tl1e reactioн. Curves 
3,4,5 include tllis !'estl'ictioп Ьу tl1e modcl kiпd апd slю\v amЬiguities near 

· the kinematical liшit. Dш·iнg tl1e calculatioн tl1e mass parameters а = 
0.5 , {J = О . \vere used. lt is scen tl1at fаг fгош tl1e kiнematical boundary 
cш·ves 1,2 lie above tlte <iata [2] анd cш· vcs 3,4,5 арее \Vith tl1em. Our 
results slюw tl1at tl1e coнtt·ibutioн of tl1e RIA to tl1e cross section is very 
importaнt fш tlю estiшatioн of otl1cг шecl!a.нisшs. Note that tl1e1·e is а 
differeнce betwecн tlш data at kp = 4.55 Gc V /с анd at kp = 8.9 Ge V /с 
where tl1e mass сопесtiон шау give а coпsideгa.Ьle contribution. In our 
opinioн, tl1at шeans tl1at at tl1esc шошепtа tlш asymptotic regiшe is still 
not reached. lt is пecessat·y to go to blgl!el' cпcigies to verify the prediction 
of the dependence on tl1c iпcideнt pt·otoп шoшentum. 

Conclusion 
Tl1e 1·elativistic iшpulse аррюхiшаtiоп iн tl1e f1·amewшk of tl1e co

variant аррюасl1 is а нoпtt·ivial шесl!а.нisш of tl1e iпteractioп of incident 
particles \Vitll tl1e dенtегоп coнstitucпts. Iп tl1e гelativistic region it takes 
iпto accoнnt tl1e пuсlеоп off-sl1ell effect, N fl pa.i1· production and in the 
deep cuшulative 1·egioп (неаt· tl1e kiпematical liшit) possiЬly the vacuum 
structure itself. ТЬе lliA is а po\Vel'ful t!Jcoгetica.l iпstruшent for the de
velopшeнt поt only of tlte <lенtсгоп tltc01·y l>ut geнerally of the relativistic 
discription of шану Ьоdу systeшs . 
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Токарев М.В. 

Реnятивистское имnуnьсное nрибnижение 
и сnиновая структура дейтрона 

Е2 -92-264 

Рассмотрены nроцессы фрагментации тензорно и векторно nоnяризованных 
дейтронов в nротоны в рамках ковариантного nодхода в nеременных светово
го конуса в терминах реnятивистской воnновой функции дейтрона с одним 

нукnоном на массовой обоnочке . Иссnедуется зависимость тензорной анаnизи - · 
рующей способности, векторного коэффициента передачи поnяризации и инкnю
зивного сечения этого nроцесса от имnуnьса протона-спектатора,выnетаю

щего в заднюю nопусферу (ер . = 140°, 180°),и имnуnьса наnетающего протона. 
Проведены расчеты наблюдаемых веnичин дnя трех геометрий, отnичающихся 
ориентацией спинов дейтрона и протона-спектатора по отношению к пnоскости 
рассеяния . Поnученные резуnьтаты сравниваются с асимnтотическим поведени
ем этих веnичин и имеющимися экспериментаnьными данными . Экспериментаnьная 

nроверка nредсказанных импуnьсных и угnовых зависимостей тензорной анаnи

зирующей способности и векторного коэффициента передачи поnяризации пред
ставnяет интерес дnя изучения импуnьсных и спиновых распредеnений консти

туентов высокоимnуnьсной компоненты дейтрона . 

Работ а выпоnнена в Паборатории высоких энергий ОИЯИ . , 

Преnринт Объединенного института 11,1срных нсСJJезований . Дубна \992 

Tokarev M.V. 
Relativistic Jmpulse Approximatioп 
апd Deuteroп Spiп Structure 

Е2-92-264 

The fragmeпtatioп processes were coпs idered of teпsor- and vector-po
larized deuteroпs to protoпs iп the framework of the covariant approach 
iп the light сопе variaЬles оп the bas i s of the relat i vistic deuteroп 
wave fuпctioп with опе пuсlеоп oп-mass shell . lп the relativistic impulse 
approximatioп the dерепdепсе of the tensor aпalyzing power Т 2 0 апd vector 
polarizatioп traпsfer coefficieпt К оп the momeпtum of the пucleoп-spec
tator backward scatteriпg апd the momeпtum of the iпcideпt proton for dif
fereпt deuteroп апd protoп spiп orieпtatioпs were iпvestigated. The ob
taiпed results were compared with the asymptot i c behaviour of these obser
vaЬles апd the experimental data. The experimeпtal verificatioп of pred i c
ted depeпdeпces of Т 20 апd К is of iпterest for the research of the mo
meпtum and spiп distributioпs of high momeпtum deuteroп coпstitueпts . 

The iпvestigatioп has Ьееп performed at thP Laboratory of High Energi
es, JJNR. 


