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10 Colour Screening in Quasielastic 3cattering on Nuclei 

As hudrons are colourless, their interaction with 8 

colour field is only possible owinc; to the interno.l colour 

distri bu t on , Consequently, whcn n huür-on t.r-nnavnr-su L dirnen­í 

sion s: 01 its interaction c rcao o e c t í.on C(p) v-- y>2 o 

Indeed, calculntions bnsed on u two-~luon exchanGc Feynmun 

dingro.m (Figo 1) yields /1-J/u(p)v>f2lnfo 

Let us consider quaaielnstic ncu t t e r í.ng o f n '51 -meson on 

n nucleus at a sufficiently hiC;h cnerGY E » RAo~o In this 

case the transversal distance f' between the pion que r ks 

will not be changed at diotances of the order of nAo The re­

levant cross section can be written in the form: 
/ 'l,li el :JTN 

aG9-et - A<jrf'P (O) cLú2:~
dcp:l. - e 1 r (;[~2 

The expression for Aeff(q) a t q=O in t ho optico.1 appr-ox í ma t oní 

is /4;e e 1 j J ( 12 
- 1/

2 
A.!f(o) =(G/:'!l d,tT(C) lYf.1f) ",ot{f)expl+;'ilfm~l.(1) 

Here 'rJTC~) ia J,he pion---.wavc f un c t í.on ; l is í.hc impoct 

parameter; T (b) =f d1 f A ( g, z) . ia the nuclear profile fllilC­
__ -.o
 

tion; 2 A(b?z) ia the nuclear de ns í t y , further u ae in the
ô 

\'/oodo-Snxon formo lf we pu t down 
/' 

j?2 :FN

Cioi (}J) = (T) U;ot,f sr 

2 (? ) 

IY{, Cf)1=. 'li"~S"~ eXf(r'l<q'>") 

then (1) takes the form 

l
 
'OtfJt.CA h ~t uuWW ~HcliTyr,
 
U~BfdX OCC3eJl0Blud 
6&1bJf~1~T~M .. 
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et 2 TClJ_ ~ 
A~ff (O) =:jJ. g[1+iúi:Nj (C)J I (3) 

Aeff(O) calculations by formula (3) are compared in the Table 

with the results of Glauber's approximation: 

Ge r ~ - E 71N ......11Aefl =Jd1.b T(f,)exp -Utot T(e0 . 
(4 ) 

Table 

Target 
nucleus 

GlAef f 
(expressions (4» 

~âAef f 
(express.(3» 

A
C fi X 

aff 
(express.(5» 

Be 

AI 
4.9l
9.1 

3.5 

5.~ 

5.4 

11.4 
Cu 15.0 \ 9.0 "21.1 

Pb 23.4 - ­o___ 14.2 44.0 

As is seen allowance for colour screening in (3) leads to 

lower Aef f values as compared with (4). Difference between 

(3) und (4) is due to contribution of inelastic corrections. 

Cslculation of (1) in the two-gluon approximation (see Ref./4/) 

aIso yields an underestimated value of aa comparedAef f , 

wi t h. (4). 

Note that Aef f(q2) slowly g~ows with q2 in quasielastic 

scattering /4/ and exceeds A~~f • At q2» 1 (GeV/c)2 the 

gluon component in the hadron wave function /5/ leads to a 

large Aef f(q2) t:: A. 

2. Quasifree Charge Exchange on Nuclei 

As is shown in Fig. 2, when Regge Poles exchange(e.g. 

in reactions of charge exchange) only one valence quark inter­

acts., Therefore, the quark colour ia not acreened, and the 

charge exchange amplitude at q=O does not depend upon f ­

2 

f I 

distance between quarks /4/. Rence, the value of Aef f( O) for 

pion quasifr~e charge exchange on a nuclei can be calculated 

in approximation (2) by the formula 

A~íf =jJtB T(ê) f fd'fJr.- (l') I~xfFi 6/./f')T(é[Jr= 
(5 )",Jf.2t Te ê) _~. 

Results of the calculations are given in Table 1. One can 

see that in this case :> A~~f ' i. e. I inelastic correc­Ae f f
 
tions make the nucleus more transparente
 

B.GoZakharov and one of the authors (B.Z.K.) showed /4/
 

that A~~~ (q2) grows with q2 faster thun ~}f(q2) does snd
 

already at q2~ m~ it becomes A~~~ (q2) ~A. The data on
 

quas í.r ree charge exchange 5:":Jf° and j/:'-' ~ o at
 
/61

40 GeV prove this prediction. 

3. Tripla Regge Diagrama 

Let us consider inclusive char6e exchnnee a+b --- c+~ 

in the triple Regge region of kinemntic vnrinbles: s/M~» 1, 

~ ~> 1 Gev2. One cah sinele out contributions of triple 

Regge diagrams of two types - RRR and Iil{f - in the cross 

section of this process (see Fig. Ju nnd 40). The dashed line 

denotes the absorption purt of the amplitude. X - dependence 

of contributions of these diagrams is described by the follow­

ing expressions (see, for exampl~, Rei. /7/): 

(du) ::: 1 GRRR(O) e:r:pfq:J.fi<:Rr<-2~~e,(1-x)ll. 
\dX de; 2. RRR (SISo r 1-><. fi [ 1) (6) 

(a;1f; i)RRI' =G,./o) e:rrf7'[R:.6' -2 '<:~ ~tl (s-« U}· (7) 

3 
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Fig. 1	 Fig. 2 

C CI 

a c 

J x2=~<t 
tb )	 b I b I	 b 
a b c 

F1g. J 

2 .~~" I 

~"--C~Ilg~1~ 
9 g+ g ~g+'p 

1 .... ~ -,b t b I 
I 

a b c d 

Fig. 4 

]figa 1-4.	 The bas í,c Fe,ynman'p diagrama deseribed in the 

text. 

4 

Here G(q2)	 = G(O)exp(_q2R2) are the relevnnt effeetive 
J -

triple Regge vertiees; tl R ~ 1 (GeV/c)-2 is the Regge tra­

jectories slope parameter; values of otR(O) = 1/2, 0(,(0) = 
nre aecepted for intercepts. There are planar gr~phs (Figo 

3b and 9) corresponding to the diagram in Fig. 3a. The space­

time picture of the process is following. Quarks of the 

ineident hadron are in a strongly momentum-asymmetric con­

figuration: one of the quarks carries the total momentum. 

Probability of this configuration is suppressed by the factor 

1/(:9 • 'After the slow quark (antiquark) annihilated, fragmen­

tation of the fast quark begins, e.g. through hadroni~ation 

of the coloured triplet string between the fast quark and 

the target diquark (to make it determined, let target to be 

nucleon). Hndroni~ation occurs up to momenta p~ (1-x)S/2~; 

after that the untiquark produced with this momentum is picked 

up by the leading quark. The picking-up probability is pro­

portionnl to 1/ ~ AlI these factors are present in 

expression (6). 

Interpretation of the graph RRP in Fig. 4a is less 

trivial. As is shown in Fig. 4a, the incident meson ia in 

the configuration.where the fast quark carries part of the 

momentum x 1, while the slow quark part ia 1-x1• After gluon 

exchange between one of the quarks and the target the slow 

quark eompletely fragmentates into a jet with the mass M~ 

XtS, and the fast quark fragmentates to the mnss M~= S·xi 

and then picks up the quark with the momentum (1-x2 )S/2~. 

The picking-up probability is proportional to 1/ (1-x2 

The product of the incident meson structure function and of 

the fragmentation functio~ should be integrated over x 1 ,X2 ; 

the result	 is as follows: 
1 _ 

Jdx, dx.JCx,x2.-X ) (V1-X, Yl-x<rt,Jdx1r' (I-X')(Xt-X~r2. 
x	 (8) 

5 

1 



It Ls cLea r-Ly seen t ha t a t 1-x <<. 1 tllis integral is inde­

pendent of x. This just corresponds to expression (7) and 

i8 the .result of a non-planar (cylindrical) shape of the 

graph in Fig. 4b. 

Thought quark diagrams in Fig. 4b,c lead to x-dependence 

of the relevant triple Regge phenomenology (7), there is 

a radical difference between the graphs in Fig. 4a nnd in 

Fig. 4c,d. A conventional interpretation of graph 4a is that 
/ 

the reggeon R elastically scatters on the torget by means of 

pomeron exchange. It Can be seen, however, that the graph in 

Fig. 4c does not hove 8 similar one with colour screening 

inside the reggeon (compare, for instnnce, with Fig. 10,b). 

Moreover, tlle graph in Fig. 4d admits no three-reggeon inter­

pretation. This is caused by the fact .t.ha t. the idea of a triple 

Regge vertex, localized in the rapidity scale, ia justified 

in QCD only for an RRR vertex, as in Fig. J. Unlike the 

commonly used in post scalar theory A'fJ, QCD allows gluon 

exchonge interactions through a l~rge ropidity gap. Therefore 

the graphs RRP, FFr ,etc., can only be employed for pheno­

menological purposes, becauBe they yield a correct x-depen­

den~e. However, interactions with a nucleus require a ~orrect 

"de c oddrig " of this graphs (see Fig. 4), as is shovm be Low, 
o 

4. Leading Hadron Fragmentation Lene;th 

In the inclusive process, unlike to elastic scottering 

or binary charge exchnnge, the leading hadron is not produced 

immediately, but at some distance lf after interaction with 

the target. One should not think, however, that interaction 

is impossible in this in terval Ir Before ho.dronization is 

over, the colour strinc \'Iith the tronsversal dimension of 

th~ order of 1 fm and the string length lesa than 1 fm (in 

lab frame) can interact with a cross section of the order 

~
 I
 

of the hadron one. But the string interaction does not 

practically affect the leading hadron momentum /8,9/, since 

the fast quark is already ~lowing down by the string with o 

force ~ - effective coefficient of the string ten~ion 

(with ollowance for the gluon bremsstrahlung). The slowing 

ceases only after hadronisation finished, i.e. nfter the 

fast quark picks up the antiquark and a colourless object is.J: 
produced. In opposi.te, inelastic interoctions should be pro­

hibited during the possing of colourless hadrons through a 

nucleus a~ a significant part of the momentum is lost in 

the process hN ~hX. 

Thus in an inclusive process has the form thotAef f 
differs from (5): ~ 

Ae/! (CJt'=- olx)=:Jd,-gJd1r (f:%) JJd 2pIy~ (f)J2x 

-- 2+-!/ 
(9 ) 

>< €.r.fffôM(9JfrclJ-jdJ1f(é,ilj] ('-. 
Expression (1) is modified in a similar way. 

The quantity Aef f in (9) depends on x, because lf 

dependa on x /8,9/ 

_ Ee1- ae (1-X) (10) 

Bere E ia the incident me80n energy in the loboratory. 

The senae of (10) ia clear: before hndronisation is over, 

the quark wi th the energy E 10se"13 the ene r-gy :Jf. per uni t 

of length. Therefore, the time of froGmentlJ.tion into n !ladron 

with the energy xE Ls civen by expression (10). At x-+-1 
*)the lf ~ O • In this case sxpreas í on (9) turns into (5). 

1 *) The behaviour(10) is opposite to [in energy dependence of 
the formntion length in :the standard porton model /10/ 

;here lf~ xE/~, - ~his dependence is valid in the region-4 
l 

x ~ 0.5 on Ly , 

6 7 



The value ofat , obtained from the data on hadron pairs 

pr?duetion with large PT on nuelei /11/ or from the data on 

~;!YJ hadroproduetion on nuelei /12/, appears to .be quite 

large: Je ~ 3 GeV/fm. It is notieeably larger than the 

value for a statie string ae ; (2~~~)-1 ~ 1 GeV/fm. This 

is explained by the effeetive eontribution of the gluon brems­

strahlung. Sueh large vnlue of ~ implied that at energy 

about 10 GeV (see next seetion) and x > 0.6 lf < 1.4 fm, 

i.e. less than the mean internucleon distance in.a nuclei. 

Thus fragmentation length effeets ean be negleeted. 

5. Reaetion X<Ji +A --"''2 
In Ref. /13/ the relative yields of ~ mesons, produeed 

on various nuelei at the momentum 10.5 GeV/c, were measured. 
dú~! dui)

Fig. 5 shows ratios RA(x) ; cix j. et)( for various nuclei A. 

Noteworthy is the increase of Rjx) with x in a disagreement 

with results for other processes (e.g.,see Ref. /14/). 

Let us consider some non-asymptotic corrections to 

formula (7), where a relative phase volume of two jets should 

be taken into aceount (see Fig. 4b). At x ~ 1 each- jet turns 

to ~e a. resonanee and a suppressing factor Q due to a 

two-body phase volume appears near the production threshold 

of two hadrons Mo ; ID1+m2: 
52 =. V~N-:2..---(m-'·-+-?YJ-2.~t·. 

(11)fVl 
2 

This factor ia only effective at 1-x ~(m1+m2)/S, i.e.,at 

high energies it can be negleeted. 

The miniIDal masses which can be substituted -to (11) 

are ffi1 ~ m§ , m2 ; ~N. However, the probability of quark. . 
recombination into a pion is statistically suppressed by a , 
factor	 1/3,aS compared with a ~ -meson. Comparison of the 

8 

r: 
-u 
~{ 
\.f data /15/ on cross sections for reactions 'Ji{>-Zn and q ~+ J\t-t 

".11 P~rrz LJ (1236) shows that isotopic amplitudes of these q
(. processes with I = 3/2 and I ; 1/2 are approximately equal. 

This means that in hadron-deuter0n (and heavy' nuclei) inter­

\!
I 

action the target diquark fragmentotes into Ll (1236) with 

the probability twice aS large aS that of fragmentation intoli a nucleon. So, we estimate (11) wi th m = mf" ffi 2 ::: mil • 1 
\ : 

Let us denote the effective numbers for the graphs in

I Fig. 3 and 4 by A~ff and Ae~f ' respectively. Ignoring the 

Glauber corrections in the deuteron, we can put down for RA(x)I 
I 

RA~)= ~ f-A5t10i. +).!I!;/~) . 
\. ti/SiSo +ÀVXo-X-	 (12 ) 

Here expressions (6) arid (7) are used wi th R~RR ::: R~R f 

expression (7) is multiplied by the factor (11); Xo 

1 - (mg. + mó' )2/S; the contribution of the RRP gr-aph equnls 

zero nt x > xo; the q2-dependence of a cross seetion is 

considered to be the Same for alI nuclei /1 3/ ; À ::: GRR~ (0)/ 

GRRR(O) by definition. 

1et us consider three possible verinnts: 

(i) A:f f = A~f ; A~~f in the Glauber approximotion. In 

,I	 this case RA ; 1/2 A~;f ia independent Df x. The eorres­

ponding values are shown by dashed linea in I.1i g . 5,6.f 
(ii) Ir the three-reggeon graph RRO' ia considered as a 

result of the reggeon scattering on the target, then A~f = A~f 

is g~ven by formula (5). RA = 1/2A~ff i8 independent of x. 

The corresponding value from the Table ia shown by dash-and-dot 
ns I 

line in Fig. 6 wi th the da ta on Rc/ >< ) . 

J:

(iii) If the colour screening effect is taken into
 

account, Ae~f is calculated by formula (3). Substituting
 

values from the Table to (12), Vle obtain the r unc t Lon RA. (x)
 
\ which increases wi th x , ft ia shown by s olid lines in }'ig. 6.
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6. Conelusionsr o +3
 
><: tH. <li i=l
 

.t:l <li
 
(\J +3 'd Comparison of the'results, obtained from ealeulations 
......... ......-rI
 

<li o 
c» '-t~ \.O i=l and measurements /13/ of ~ -meson relative yields in the, re~,

M tH O'\-rIO · it!J Ql • 
~ o o > • 

Ql ...... aetions 1i +A - i X , showed the Glauber approximation (wi th­
I ... 11 t!J o 11 

eu ~..< o 0 r.1 out inelastie sereening) eannot exp1ain inerease of'the
cD i=l ... \-c «:t­
d ~~~,q k ~
 speetrum ratio RA(x) with x, but gives the eorreet mean value~ ~ o i=l il

'd -ri tH <li 
Ql I ~ 'd 
.cl s:: i=l of 
111 eu ...... o Cll ,\

Aef f • 
-I~ ~ .!=l ~ ~ ~ To inelude inelastie eorreetions, we used the eigenstateo M ...... o 'd 

-ri 
I 

......... ~ (lj'd ......
 
C') o ri Ql ~
 method /16/ whieh takes into aeeount the eolour sere~ning 
.- 'd ;:1 k ...... 
<, I ~p.~ inside the hadrons.LQ ...... s o I 

o I-< (lj tH k 
...... I (\J o It is shown here that quar~ diagrams for the charge ex­

;:1..Q ~ fH 
t J t .Ol11 .c Cll 

co lO ---.:t N ~ ~ ehange proeess do not e9rrespond 1iterally to the RR~ graph.
i=l ~ ~ 

~ o ~ o ~. 
+3 +3 ~ This fac t and the effeet of eolour sereening inside had.rons 

(lj <li as ... o 
~ ~3-;::: result in "abnorma1" inerease of the ratio RA (x). At higher
'd (lj o i=l (lj 

Ql +3 ai ~ .G energies the eontribution of the RRR graph deereases, as is,qkoQ)-P
8 Cll Ql Ti 

seen irom (12), and RA (x) must inerease at larger x • 
\.O g ~Cll (lj t3
• g: ~~ ~ 

~Ql I/~ ~ The authors are thankful to Yu.L.Dokshitser, E.M.Levin-rI..Q Q) i=l 
1i<4~~-,oQl 

and M.G.Ryskin for useful diseussions. 
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KonenHOBHq B.3., PycaKOBHq H.A. E2-86-298 
3~eKT~ 3KpaHHpoBaHHH ~BeTa npH 06pa30BaHHH 
aAPoHoB Ha HApax B Tpexpe~eOHHOI1 06nacTH 

3KpaHHpOBaHHe ~BeTa IlPH"MHrKoM" B3aHMogel1cTBHH aApoHoB 
IlpHBOgHT K TOMY, qTO B KBa3HYIlpyroM pacceHHHH Ha Hgpax HeYIlPY­
r ae norrpanxa "3aTeMHHIOT" HAP'O. Ha060pOT, B peaKI~HH KBa3HcBO­
60AH0l1 nepe3apHgKH HeynpyrHe nonpaBKH AenalOT HApo 60nee nP9­
3paQHh1M. Ilo 31'011 zce npHQHHe BKnaAbI t-pexpenxeonasix rpaqlHKoB 
RRR H RRP 3KpaHHpYIOTCH HgpOM B pa3HOH c reneaa , Y"lJeT 3~eKTOB 

3KpaHHpOBaHHH n03BonHeT 06bHCHHTb pOCT Aeff(X) npH x ~ 1 B pe­
aK~HH n+A ~ nX npH 3HeprHH 10,5 r3B. 

Paõo-ra asmorrneaa B Da60paTopHH anepnsrx npo õrreer üIDIH. 

Ilpenpanr 06'b(tIJ.HHeHHoro HHcTHTYTa anepasrx HccnenoBaHHH. ,Uy6Ha 1986 

Kopeliovich B.Z., Russakovich N.A. E2-86-298 
Colotir'Screening Effects in Hadron Production 
on Nuclei in ,the Triple Regge Region 

Colour screening in soft hadron interactions manifests 
in a tess transparent nucleus due ta inelastic corrections 
in quasielastic scattering on nuclei. On the contrary, ine­
lastic corrections make the núcleus more transparent in the 
reaction of quasi-free charge exchange. This is also the rea­
son of different screening of three-reggeon graph contributi ­
ons RRR and RRP. Taking this into account allows one to un­
derstand "anoma l ous " growth o.f Aeff (x) when x ~ I in the 
reaction n+A ~ nX at 10.5 GeV/c . 

The investigation has been performed at the Laboratory 
of Nuclear Prob lems, JINR. ' 
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