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We investigate the inclusive production of prompt J/rf? mesons in po­
larized hadron-hadron and photon-hadron collisions in the factorization 
formalism of NRQCD. Numerical results are presented for BNL RHIC-
Spin and the approved SLAC fixed-target experiment E161 to assess the 
feasibility to access the spin-dependent parton distributions in the po­
larized proton and photon. We point out tha t da ta on J/ip production 
taken by the PHENIX Collaboration in unpolarized proton-proton colli­
sions at RHIC tend to favor the NRQCD factorization hypothesis, while 
they significantly overshoot the theoretical prediction of the CSM. 

1 I n t r o d u c t i o n 

Before t h e adven t of t h e non-rela t ivis t ic Q C D ( N R Q C D ) factorizat ion formal­
ism, heavy q u a r k o n i u m p roduc t ion wi th polar ized p r o t o n or p h o t o n b e a m s was 
believed to provide reliable informat ion on t h e sp in -dependen t g luon dis t r ibu­
t ions of t h e polar ized p r o t o n or pho ton . A t present , however, we are faced wi th 
t h e po ten t i a l p rob lem t h a t N R Q C D predic t ions a t lowest order have a consid­
erable normal iza t ion unce r t a in ty due t o t h e in t roduc t ion of non -pe r tu rba t i ve 
color-octet m a t r i x e lements , which were no t present in t h e color-singlet mode l 
(CSM) and which also have t o b e ex t r ac t ed from exper iment [1]. 

In order t o clarify t h e ques t ion if heavy qua rkon ium p roduc t ion w i t h po ­
lar ized p r o t o n or p h o t o n b e a m s remains t o b e a useful p robe of t h e polar ized 
gluon densi t ies , we invest igate inclusive J/ip p roduc t ion in polar ized pp a n d 
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7 P collisions a t R H I C - S p i n a n d E 1 6 1 . O t h e r processes w i t h t h e po t en t i a l t o 
c o n s t r a i n t h e po la r ized g luon d i s t r ibu t ions inc lude t h e p r o d u c t i o n of low-mass 
l ep ton pa i r s [2]. Numer i ca l resu l t s re levant for J/ip p r o d u c t i o n in polar ized 7 7 
collisions a t D E S Y T E S L A as well as a comple te list of ana ly t i ca l resu l t s for 
all po la r i zed p a r t o n i c cross sect ions can b e found in Ref. [3]. 

2 J/jp p r o d u c t i o n a t B N L R H I C - S p i n a n d S L A C E 1 6 1 

At R H I C , p r o t o n b e a m s w i t h longi tud ina l po la r i za t ion of a p p r o x i m a t e l y 70% 
collide w i t h center-of-mass energy u p t o y/S = 500 G e V a n d luminos i ty C = 
2 x 1 0 3 2 c m ^ s " 1 . In E 1 6 1 , c i rcular ly polar ized p h o t o n s w i t h energies be tween 
35 a n d 48 G e V will collide on a fixed t a r g e t m a d e of longi tud ina l ly polar ized 
d e u t e r i u m [4]. I n F igs . 1 a n d 2, N R Q C D a n d C S M pred ic t ions for t h e 

u n p o l a r i z e d cross sec t ions da/dpx a n d da/dy or da/dz a re d isplayed in t h e 
first pane l , whi le t h o s e for t h e doub le longi tud ina l - sp in a s y m m e t r y ALL a r e 
shown in t h e second a n d t h i r d panels . T h e PT d i s t r i bu t ions a r e i n t eg ra t ed 
over t h e in te rva ls \y\ < 2.4 a n d 0.3 < z < 0.8, respectively, while t h e y or z 
d i s t r i bu t i ons a r e i n t e g r a t e d over all k inemat ica l ly allowed values of px in excess 
of 15 a n d 1.5 G e V . T h e s h a d e d b a n d s ind ica te t h e theore t i ca l unce r t a in t i e s in 
t h e N R Q C D a n d C S M defaul t p red ic t ions . As our defaul t po lar ized p a r t o n 
dens i t ies , we employ t h e G R S t V - S T D set in t h e p r o t o n a n d t h e G R S i - M A X 
set in t h e p h o t o n [5] (for a de ta i led discussion of our i n p u t p a r a m e t e r s see [3]). 
W e a s s u m e t h e ideal case of 100% b e a m pola r iza t ion . Real is t ic po la r i za t ion is 
a c c o u n t e d for by scal ing ALL w i t h [P(p)]2 a n d P(^y)P(D)J respectively. 

A t R H I C - S p i n , t h e differences in ALL for var ious p a r t o n densi t ies a re 
large aga ins t t h e combined theore t i ca l unce r t a in t i e s from o t h e r sources , so 
t h a t sufficiently precise m e a s u r e m e n t s will increase our knowledge on t h e spin-
d e p e n d e n t p a r t o n s t r u c t u r e of t h e polar ized p r o t o n . T h e N R Q C D a n d C S M 
PT-dependences inc identa l ly a lmos t coincide, so t h a t t h e polar ized p r o t o n den­
sit ies c a n b e explored in a mode l - i ndependen t fashion. O n t h e o the r h a n d , t h e 
N R Q C D a n d C S M pred ic t ions for t h e y d i s t r i bu t ion exhib i t s t r ik ingly different 
s h a p e s in t h e forward a n d backw a rd di rec t ions . 

A t E 1 6 1 , t h e s i t ua t i on is less favorable since t h e theore t i ca l unce r t a in t i e s a re 
larger , d u e t o t h e low pho ton -nuc leon center-of-mass energy y/S — mj^(2E^ + 
W>N) ~ 9-2 G e V . T h i s is especial ly t h e case for t h e N R Q C D pred ic t ion shown 
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Figure 1: Cross sections da/dpT and dcr/dy (first panel) and asymmetries ALL (second 
and third panels) of pp —• J/ip + X at RHIC-Spin with \/S = 200 GeV as functions of 
(left) and y (right) in NRQCD and the CSM. 
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Figu re 2: Same as in Fig. 1, but for -yD -+ J/i^+X at E161 with E-y = 45 GeV. Inelasticity 
z is used instead of rapidity y. In the first panel, the resolved-photon contributions are also 
shown separately. 
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p p -> J/\|f X at Vs"= 200 GeV 

F i g u r e 3: PHENIX da ta for 
and in the interval 1.2 < y < 2.2 as a function of px are compared with NRQCD and CSM 
predictions. 

in t h e second pane l of F ig . 2. Never theless , it shou ld b e possible t o d i sc r imina te 
be tween t h e G R S t V a n d G S se ts . In t h e C S M , t h e resolving power of ALL used 
t o b e m u c h b e t t e r , as is evident from t h e t h i r d pane l of F ig . 2. In th i s sense, t h e 
i n t r o d u c t i o n of N R Q C D , which was necessary t o overcome phenomenologica l 
a n d concep tua l p rob l ems of t h e C S M , led t o some aggrava t ion . 

A s can b e seen from t h e first pane l s in Figs . 1 a n d 2, t h e no rma l i za t ion of 
t h e unpo la r i zed cross sect ion is a d is t inc t ive d i sc r imina to r be tween N R Q C D 
a n d t h e C S M . I n fact, d a t a from t h e P H E N I X Co l l abo ra t ion [6] a t R H I C , w i t h 
y/S = 200 G e V , t e n d t o favor t h e N R Q C D pred ic t ion c o m p a r e d t o t h e C S M 
one (see F ig . 3) . Since t h e J/ip mesons a re t agged t h r o u g h the i r decays t o 

pa i r s , t h e factor B(J/ij) —• = (5.88 ± 0 .10)% is inc luded in t h e 
theore t i ca l p red ic t ions . W e observe t h a t , for PT > 2 G e V , t h e d a t a a re nicely 
descr ibed by t h e N R Q C D predic t ion , while t h e y significantly overshoot t h e 
C S M one . In t h e b in 1 G e V < PT < 2 GeV, t h e compar i son h a s t o b e t a k e n 
w i t h a g ra in of sal t s ince t h e N R Q C D pred ic t ion a n d t h e P - w a v e con t r ibu t ion 
t o t h e C S M one suffer from infrared a n d coll inear s ingular i t ies a t pr = 0, which 
still feed in to t h a t b in as a n artificial e n h a n c e m e n t . 

at RHIC with VS = 200 GeV 
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3 S u m m a r y 

For inclusive p roduc t i on of p r o m p t J/ij) mesons in polar ized h a d r o n - h a d r o n 
a n d p h o t o n - h a d r o n collisions a t R H I C a n d E 1 6 1 , we found t h a t t h e sp read in 
t h e a symmet r i e s for different p a r t o n densi t ies in genera l cons iderably exceeds 
t h e combined theore t i ca l uncer ta in t i es from o ther sources, which we e s t ima t ed 
r a t h e r conservatively. Therefore , even wi th in t h e N R Q C D formalism these 
expe r imen t s have d iscr iminat ive power w.r . t . t h e spin s t r u c t u r e of t h e p r o t o n 
a n d p h o t o n . As a by -p roduc t , we found t h a t P H E N I X d a t a of unpola r ized 
h a d r o p r o d u c t i o n of Jmesons a t R H I C favor N R Q C D as c o m p a r e d t o t h e 
C S M . T h i s is in l ine w i t h previous findings in pp, jp, a n d 7 7 collisions [1, 7]. 
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