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The spectra of leading and nonleading charmed baryons (A c and A c ) 
as well as the asymmetries between these spectra measured in TT~A col­
lisions at PL = 600GeV/c in the E781 experiment are described within 
the framework of Quark-Gluon String Model (QGSM). It was obtained 
in this experiment tha t the asymmetry between the spectra of A c and A c 

in ir~A collisions is of nonzero value. It might be described in our model 
only assuming tha t the string junction is transfered from target proton 
into the fragmentation region of pion projectile. This effect should have 
the great impact on the baryon production asymmetry in e — p interac­
tions. 

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

T h e d a t a of E 7 8 1 expe r imen t [1](FNAL) on spec t r a of c h a r m e d ba ryons as well 
as t h e a s y m m e t r i e s be tween t h e s p e c t r a of A c a n d A c in E~y l , 7T~~A a n d p A 
in te rac t ions a t PL = 600 G e V / c have amplified t h e resul t s of WA89 expe r imen t 
[2] ( C E R N ) a t pL = 3 4 0 G e V / c a n d E791 exper iment [3](FNAL) a t pL = 
5 0 0 G e V / c . T h e d a t a of t hese expe r imen t s on cha rmed meson s p e c t r a a n d 
a symmet r i e s have b e e n a l ready considered in t h e previous p a p e r [4] from t h e 
po in t of view of Q u a r k G luon S t r ing Mode l ( Q G S M ) in order t o u n d e r s t a n d 
t h e influence of q u a r k compos i t ion of b e a m par t ic le on t h e shape of p r o d u c t i o n 
s p e c t r a of heavy flavored par t ic les . T h e r e is a large difference be tween leading 
effects in c h a r m e d meson s p e c t r a a n d those effects in c h a r m e d ba ryon spec t r a . 
Lead ing A c b a r y o n in p r o t o n - p r o t o n in te rac t ion migh t b e p roduced by t h e 
" lead ing" f r agmenta t ion of p r o t o n wdl-diquark br inging t h e large fraction of 

*This work was supported by the NATO Science Foundation 

737 

mailto:piskoun@sci.lebedev.ru


738 O. Piskounova, DIS 2003 

proton momentum that gives an important enhancement of A c spectra over 
the spectra of A c . We are suggesting here to consider the spectra in full x 
region: — 1 < x < 1, so that the left side of plots always corresponds to target 
proton fragmentation. The asymmetry between the spectra of A c and A c in 
pion-proton interaction should be equal zero in the region of pion fragmentation 
because pion can have the valent quark (antiquark) in common as with A c as 
with A C 5 so both spectra will provide a leading character and be equal. 

2 Quark-Gluon String Model 

The inclusive production cross section of hadrons of type H is written as a sum 
over n-Pomeron cylinder diagrams: 

Here, the function <p^{s1x) is a particle distribution in the configuration of n 
cut cylinders and an is the probability of this process. The cross sections an 

depend on parameter of the supercritical Pomeron Ap, which is equal in our 
model to 0.12 [5]. 

The distribution functions of A c in case of ir~p collisions are given by: 

where a$c is the central (vacuum) density parameter of charmed baryon pro­
duction and a^c is the fragmentation parameter of proton target diquark. In 
the case of A c production in proton fragmentation the diquark fragmentation 
plays an important role, this diquark part of distribution should be written 
separately. 

Each Fi(x±) (i = s,u,d, ud, dd, ds...) is constructed as the convolution: 

where P{x{) is a structure function of i-th quark ( diquark or antiquark) which 
has a fraction of energy x\ in the interacting hadron and Vf{z) is a fragmen­
tation function of this quark into the considered type of produced hadrons H. 
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T h e s t r u c t u r e funct ions of q u a r k s in in t e rac t ing p r o t o n , h y p e r o n , or p ion b e a m s 
have a l r eady b e e n desc r ibed in t h e prev ious p a p e r s [7, 10, 11]. 

3 D i q u a r k F r a g m e n t a t i o n F u n c t i o n a n d S t r i n g J u n c t i o n T r a n s f e r 

T h e f r a g m e n t a t i o n funct ions of d i q u a r k a n d q u a r k cha ins in to c h a r m e d b a r y o n s 
or a n t i b a r y o n s a re b a s e d on t h e rules w r i t t e n in [12]. T h e W - d i q u a r k frag­
m e n t a t i o n func t ion inc ludes t h e c o n s t a n t a^c wh ich could b e i n t e r p r e t e d as 
" l ead ing" p a r a m e t e r , b u t t h e value of ajc is fixed d u e t o t h e b a r y o n n u m b e r 
s u m rule a n d shou ld b e a p p r o x i m a t e l y equa l t o t h e va lue t a k e n for A c s p e c t r a 
in ou r p rev ious ca lcu la t ions [7]: 

w h e r e t h e t e r m Z

2O^R(°)~^N(O) m e a n s ^he p robab i l i t y for in i t ia l d i q u a r k t o have 
z close t o 0; t h e i n t e r c e p t s of Regge t ra jec tor ies , a ^ ( 0 ) , CXN(0) a n d a ^ ( 0 ) a r e 
t a k e n of t h e s a m e va lues a s in [7], 0 .5 , -0 .5 a n d -2.0 cor respondingly . T h e A 
p a r a m e t e r is a n r e m n a n t of t r ansve r se m o m e n t a d e p e n d e n c e , it is equa l t o 0 ,5 
he re ( for m o r e i n fo rma t ion see t h e ear ly pub l i ca t ions [5, 7]). I t is i m p o r t a n t 
he re t o keep in m i n d t h e possibi l i ty t o c rea te t h e A c b a r y o n only on t h e base 
of s t r i ng j u n c t i o n t a k e n from p r o t o n of t h e t a r g e t . T h e s t r i ng j u n c t i o n b r ings 
t h e pos i t ive b a r y o n n u m b e r in ba ryons a n d t h e nega t ive one in a n t i b a r y o n s . 
In t h e p r o t o n a n d h y p e r o n reac t ions we have d iqua rks , so only pos i t ive b a r y o n 
n u m b e r shou ld b e t rans fe red . T h e f r agmen ta t ion funct ion of s t r i ng j u n c t i o n 
t h a t c a n b e t r ans fe red t o region z > 0 is of t h e s imi lar form as d i q u a r k F F 
w r i t t e n above , eq. (7) : 

w h e r e asj(0) is t h e in t e rcep t of s t r i ng j u n c t i o n Regge t ra jec to ry . W e a re n o t 
d iscuss ing he r e t h e two poss ib le values of s t r ing j u n c t i o n in te rcep t : 0 ,5 [8] a n d 
1,0 [9] j u s t t a k i n g it equa l t o 0 ,5 . T h i s choice of t h e in t e rcep t is a reson of t h e 
t a r g e t p r o t o n s t r i n g j u n c t i o n going easier in to t h e region of oppos i t e z t h a n t h e 
d iqua rk , as it is seen from t h e compar i son of z —» 0 a s y m p t o t i c s in t h e las t 
formulas . I t will b e c o m e significant w h e n we s t u d y t h e b a r y o n s p e c t r a in p ion 
in t e rac t ions . 
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Figu re 1: a) Asymmetry between A c and A c spectra obtained for TT — A (x > 0) and for 
p — A (x < 0) collisions in the E781 expiment (black circles) [l] and in the E791 experiment 
(empty circles) [ 3 ] , the QGSM calculation with the string junction transfer (solid line); b) 
The distributions of A c (empty triangles) and A c (black triangles) in E781 for these reactions 
and QGSM curves: A c (solid line) and A c (dashed line). 

4 S p e c t r a a n d A s y m m e t r y o f A c / A c i n 7r p c o l l i s i o n s 

T h e a s y m m e t r y be tween t h e s p e c t r a of A c a n d A c m e a s u r e d in ?r~A coll isions 
a t PL= 600 G e V / c [1] is shown in F i g . l a ) . T h e nonze ro a s y m m e t r y in t h e 
region of p ion f r a g m e n t a t i o n is desc r ibed on t h e base of b a r y o n s t r ing j u n c t i o n 
t ransfer f rom t h e p r o t o n f r a g m e n t a t i o n region (see sect ion 3) . T h e a s y m m e t r y 
is defined as : 

Here dN^/dx a n d dN c/dx a re t h e event d i s t r i b u t i o n s m e a s u r e d in t h e ex­
p e r i m e n t [1]. T h e inva r i an t d i s t r i b u t i o n s xdN/dx of c h a r m e d b a r y o n s a n d 
a n t i b a r y o n s o b t a i n e d in p ion i n t e r ac t i ons in E 7 8 1 e x p e r i m e n t are shown in 
F i g . l b) w i t h t h e Q G S M curves ca l cu la t ed for p ion f r a g m e n t a t i o n ( the s ide of 
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pos i t ive x) a n d for p r o t o n f r agmen ta t i on ( the s ide of nega t ive x). T h e r a t i o 
b e t w e e n t h e va lues of xdN/dx(p —> A c , A c ) a n d xdN'j'dx{ix~~ —> A c , A c ) d e p e n d s 
on t h e r a t i o of cross sec t ions of t he se two reac t ions . T h e a b s o l u t e values of cross 
sec t ions a r e n o t m e a s u r e d in t h e p re sen t expe r imen t , so t h e left s ide of exper ­
i m e n t a l p lo t in F i g . l b ) c a n b e shif ted t o w a r d s t h e r igh t s ide by t h e a r b i t r a r y 
factor , a n d we d id it h e r e in o rde r t o m a k e a b e t t e r desc r ip t ion . 

5 C o n c l u s i o n s 

In t h i s p a p e r we have e x a m i n e d t h e d a t a on c h a r m b a r y o n p r o d u c t i o n in p ion 
b e a m i n t e r a c t i o n s w i t h t h e fixed t a r g e t a t PL = 600GeV/c in t h e E 7 8 1 expe r ­
i m e n t . T h e few conc lus ions a b o u t A c a n d A c s p e c t r a a n d a s y m m e t r i e s a r e t o 
b e m e n t i o n e d he r e as t h e o u t c o m e of t h e Q G S M s tudy . T h e fea tures of b a r y o n 
cha rge t r ans fe r by t h e s t r i n g j u n c t i o n of t h e t a r g e t p r o t o n a r e disclosed in t h e 
n o n z e r o b a r y o n / a n t i b a r y o n a s y m m e t r y in t h e k inema t i ca l region of p i o n b e a m 
f r a g m e n t a t i o n . W e could n o t d i s t ingu i sh be tween t w o values of s t r i n g j u n c ­
t i o n t r a j e c t o r y i n t e r cep t , O ^ S J ( O ) . T h e m o r e pecise s t u d y w i t h p ion , m u o n a n d 
p h o t o n b e a m s shou ld allow t o d e t e r m i n e t h i s va lue as well a s t h e p a r a m e t e r s 
of s t r u c t u r e func t ion of p r o t o n s t r i ng j u n c t i o n . W e h a v e got fixed t h e l ead ing 
f r a g m e n t a t i o n p a r a m e t e r of A c p r o d u c t i o n , a£ c —0.006 , t h a t will he lp u s t o p re ­
d ic t t h e c h a r m b a r y o n p r o d u c t i o n in t h e h igher ene rgy r eac t ions w i t h different 
b e a m par t i c les . In t h e s a m e t i m e , t h e s p e c t r a of c h a r m e d b a r y o n s r equ i re m o r e 
de ta i l ed desc r ip t i on in t h e p ion f r agmen ta t i on region. So, t h e ana lys i s of on ly 
a s y m m e t r y is n o t a p r o p e r i n s t r u m e n t t o s t u d y t h e bechav io r of b a r y o n s p e c t r a 
in t h e region of x close t o 1. I t shou ld b e no t i ced t h a t t h e r e w a s n o necess i ty 
t o involve t h e in t r ins ic c h a r m in to t h e ca lcu la t ions of c h a r m e d b a r y o n s p e c t r a 
a t t h e u p - t o - d a t e level of e x p e r i m e n t a l d a t a . 
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