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1. Colour Screening in Quasielastic Scattering on Nuclei

As hadrons are colourless, their interaction wiih a
colour field is only possible owing to the internal colour
distribution. Consequently, when o hadron iransversal dimen~
sion S)—VO its interaction cross section G(P)V‘\Qz
Indeed, calculations based on a two-gluon exchange Feynman
dingram (Pig. 1) yields /1737 6“(9)me(’775>.

Let us consider quasielastic acatitering of a I ~meson on
a nucleus at a sufficiently high cnergy E D) R, ﬁ In this
case the transversal distance 53' between the pion quarks
will not be changed at distances of the order of RA. The re-
levant cross section can be wriiten in the form: '
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The expression for Aeff(q) al q=0 in the optical approximation

s 74/
¥l s ok 1 il
Ae pplo) = G dbT(E) ) ﬁ fﬂ(ﬂ}%W)exF[-%@?ﬂf)(T@ )

HereYﬁ-(Q) is ghe pion wave function; Z? is the impaci
parameter; T(b) —‘J}{ZS% (g 2) ,is the nuclear profile func-
tion; SJA(b,z) is the nuclear density, further uged in the
Woodg~-Saxon form. 1f we put down
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then (1) takes the form
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Aeff(o) calculations by formula (3) are compared in the Table

with the results of Gleuber's approximation:

Ay = Jib T expF o TE ] .

Table
A
Target Kt 1ot Agr
nucleus (expressions (4)) (express.(3)) (express.(5))
Be 4.9 3os 5-4
AL 9.1 5.8 1.4
Cu 15-0 < 900 21.1
Pb 23e4 - 14.2 44.0

el

As is seen allowance for colour screening in (3) leads to
lower A, pp velues as compared with (4). Difference between
(3) and (4) is due to contribution of inelastic corrections.
Calculation of (1) in the two-gluon approximation (see Ref./4/)
also yilelds an underestimated value of Aeff’ as compared
with. (4).

Note that Aeff(qz) slowly grows with q2 in quasielastic
scattering /4 and exceeds A(é%f . At g2 1 (GeV/c)? the

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

2
large A rp(a®) &2 4

2. Quasifree Charge Exchange on Nucleil

As is shown in Fig. 2, when Regge Poles exchange(e.ge
in reactions of charge exchange) only one valence quark inter-
actse Therefore, the quark colour 1s not screened, and the

charge exchange amplitude at q=0 does not depend upon ¢

- haa a

R

/4/

distence between quarks . Hence, the value of Aeff(o ) for
pion quasifree charge exchange on a nuclel can be calculated

in approx1mat10n (2) by the formula

epp fd’@/(é)]fd’ Wr(e)!eac}o[-~ (p)m’j/

fdz _JKQ_._. . (5)
= po >0 .
L4+*i‘ f057zei}
Results of the calculations are given in Table 1. One can
G . . .
see that in this case A .. > Ae%f s i.e.,inelastic correc-
tions make the nucleus more transparente.

B.G.Zakharov and one of the authors (B.Z.K.) showed /4/
that AZ%% (q2) grows with q2 faster than ﬂeff(q ) does and
already at qzt: m? it becomes Ac§§ (q%) woA. The data on
quasifree charge exchange = T° and J ~» 7Z° at

/6,
40 GeV érove this prediction.

3, Triple Regge Diagrams

Let us consider inclusive charge exchange a+b — c+X
in the triple Regge region of kinematic variables: s/Mi)>1,
Mi > 1 GeV. One can single out contributions of triple
Regge diagrams of two types - RRR and RRFP =~ in the cross
section of this process (see Tig. 3u and 4a). The dashed line
denotes the absorption purt of the amplitude. X - dependence
of coniributions of these diagrams is described by the follow-—

/17y,

ing expresgions (see, for example, Ref.
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BFigg 1-4. The basic Feynman's diagrams described in the

text.

Here G(qz) = G(O)exp(—quz) are the relevant effective
triple Regge vertices; 0432 ©w o1 (GeV/c)™@ is the Regge tra-
jectories slope parameter; values of o(R(O) =1/2, aC?(O) =1
are accepted for intercepts. There are blanar graphs (Fig.
3b and ¢) corresponding to the diagram in Fig. 3a. The gpace-
time picture of the process is following. Quarks of the
incident 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/|s « 'After the slow quark (antiquark) annihilated, fragmen-
tation of the fast quark begins, e.g. through hadronization
of the coloured triplet string between the fast quark and
the target diquark (to magke it determined, let target to be
nucleon)., Hadronization occurs up to momenta f)t: (1—x)5/2n%;
after that the antiquark produced with this momentum is picked
up by the leading quarke. The picking-up probability is pro-
portional to 1/ V?i;; . All these factors are present in
expression (6).

Interpretation of the graph RRP jin Pig. 4a is less
triviale As is shown in Fige. 4a, the Incident meson is in
the configuration, where the fast quark carries part of the
momentum Xqs while the slow quark part is 1—x1. After gluon
exchange between one of the quarks and the target the slow
quark completely fragmentates into a jet with the mass M? =
XIS, and the fast quark fragmentateé to the mass M%: S-xé
and then picks up the quark with the momentum  (1-x, )S/ZHh.
The picking-up probability is proportional to 1/y 1—#2 o
The product of the incident meson structure function and of
the fragmentation function should be integrated over Xq

2,
the result 1is as follows:

fafx, dxldl(x,xz—x) (}/4—_-;; W:)Z)"i:fdx,[}, (1-x1)(x,—x)j__;.

(8)



It is clearly seen that at 1-x{{ 1 this integral is inde- of the hadron one. But the string interaction does not

/8,9/,

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

practically affect the leading hadron momentum gince

ig the .result of non-planar (cylindrical) shape of the

0

the fast quark is already slowing down by the string with a
graph in Fige 4b. force &€ =~ effective coefficient of the string tension

Thought quark disgrams in I'ig. 4b,c lead to x-dependence {, (with allowance for the gluon bremsstrahlung). The slowing

of the relevant triple Regge phenomenology (7), there is ceases only after hadronisation finished, i.e. after the

¢ i if i ige i . . . .
a radical difference between the graphs in Fig. 4a and in , \ fast quark picks up the antiquark and a colourless object is

Fig. de 7 ional i i i
ge 4¢, A conventional interpretation of graph 4a is that produced. In opposite, inelastic interactions should be pro-

/7
the reggeon R elastically scatters on the target by means of hibited during the passing of colourless hadrons through a

omexr xchange. 1 i
P on exchange t can be seen, however, that the graph in nucleus ag a significant part of the momentum is lost in

Fige 4c does not have a similar one with colour screening the process hN X

inside the reggeon (compare, for instance, with Fig. 1a,b). . «
Thus in an inclusive process Aeff has the form that

Moreover, the graph in Fig. 4d admits no three-reggeon inter- differs from (5):

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

Regge vertex, localized in the rapidity scale, is justified : Ae‘ﬁ) @’ Ox fdl€/d39(€ E)IIdP}YJ (9)/

in QCD only for an RRR vertex, as in Figs 3. Unlike the ~ (9)

commonly used in past scalar theory AY#, QCD allows gluon * eJ%P -__Ca;f(9)17(g}‘ C{E 9(692]

exchange interactions through a large rapidity gap. Therefore Expression (1) is modified in a similar wayse

the graphs RRP, PPP , etc., can only be employed for pheno- The quantity Aeff in (9) depends on x, because lf

menological purposes, because they yield a correct x-depen~- depends on x /8,9/

dence. However, interactions with a nucleus require a correct g ::_fi_(1_><).

"decoding" of this graphs (see Fig. 4), as is shown below. l * (10)
©

4. Leadi Hodron Fragmentation Length ‘ Here E is the incident meson energy in the laboratory.

A . . The sense of (10) is clear: before hadronisetion is over,
In the inclusive process, unlike to elastic scattering

. . the quark with the energy E 1oses the energy 9€ per unit
or binary charge exchange, the leading hadron is not produced

A N of length. Therefore, the time of fragmentation into a hadron
immediately, but at gome distance 1f after interaction with

with the energy xE is given by expression (10). At x —e1
the target. One should not think, however, that interaction

* v
. the 1, =0 ), In this case expression (9) turns into (5).
1s impossible in this interval 1ro Before hadronization is

over, the colour siring with the transversal dimension of gl *)
The behaviour (10) is opposite to an energy dependence of

the order of 1 fm and the string length less than 1 fm (in the formation length in the standard parton model

lab frame) can interact with a cross section of the order f‘ where 1, &2 XEOV?; - this dependence is valid in the region

' x $ 0.5 only.
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The value of 3 , obtained from the data on hadron pairs

production with large Pr on nuclei 1/
/12/

or from the data on
ZAF'hadropfoduction on nuclei » appears to be quite
large: € v2 3 GeV/fm. It is noticeably larger than the
value for a static string 3€ = (Zﬂﬁ{ﬁ)"1 ¢ 1 GeV/fm. This

is explained by the effective contribution of the gluon brems-

by gt s s, s 4 ronn, poah S s

——s

strahlung. Such large value of 2€ implied that at energy

-
-~

about 10 GeV (see next section) and x > 0.6 1, < 1.4 fm,
i,e. léss than the mean internucleon distance in .a nuclei.

Thus fragmentation length effects can be neglected.

5. Reaction T *a —PQ X

In Ref. /13/ the relative yields of GZ mesons, produced

on various nuclei at the momentum 1005 GEV/C s WeTe measured.
0 how ratios R (x) = ' v‘——"'

s Y

Ilg 5 S 9 a A !X :)(

for various nuclei A.

Noteworthy is the increase of Réx) with x in a disagreement
with results for other processes (e.gey See Ref. /14/).

Let us consider some non-asymptotic corrections ?o
formula (7), where a relative phase volume of two jets should
be }aken into account (see Fig. 4b). At x = 1 each jet turns
to be a resonance and a suppressing factor 52 due to a

two-body phase volume appears near the production threshold

of two hadrons MO =

m.] +{ﬂ22 i
Qo Im=(mirm,)®,
B M

2
This factor is only effective at 1-x z:(m1+m2)/S, iees,at

1)

high energies it can be neglected.

The minimal masses which can be substituted ‘to (11)

are m1‘b Mgy Uy = Oy However, the probability of quark L

-
recombination into a pion is statistically suppressed by a 3

-~

factor 1/3,aB8 compared with a 9 -meson. Comparison of the h‘

data /15/ on cross sections for reactions 3770-*-71*1 and

7 +1
& P"*qz Ja) (1236) shows that isotopic amplitudes of these

processes with I = 3/2 and I = 1/2 are approximately equal.

This means that in hadron~deuteron (and heavy nuclei) inter—

action the target diquark fragmentates into A (1236) with

the probability twice as large as that of fragmentation into

a nucleon. So, we estimate (11) with my = Mo, My = my .
Let us denote the effective numbers for the graphs in

. R
Fige 3 and 4 by Aeff and Aeﬁf » respectively. Ignoring the

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

P
E (X):—i Afff"/@f‘AAe;ﬂf}/}o—x ,
? 2 1//3/56 + AV xo—x (12)

2 g2 .
RRR = "RRp 3

expresgsion (7) is multiplied by the factor (11); Xo =

Here expregsions (6) and (7) are used with R

1 - (mf + mtx)2/S; the contribution of the RRP graph equals
zero at x > X3 the q2-dependence of a cross gection is
considered to be the same for all nuclei /13/; A = Gppp (0)/
GRRR(O) by definition,

Let us consider three pogsible veriants:

(i) Aﬁff = Aggf = Ag%f in the Glauber approximation. In
this case RA = 1/2 Ag%f is independent of x. The corres-
ponding values are shown by dashed lines in Fig. 546.

(ii) If the three~reggeon graph RRP is considered as a

=A_R

result of the reggeon gscattering on the target, then Ag) eff

£f
is given by formula (5). R, = 1/21\2ff is independent of x.
The corresponding value from the Table is shown by dash-and-dot

113 ]
Rcu(x) .

(iii) If the colour screening effect is taken into

line in Pig.6 with the data on

account, Aégf is calculated by formula (3). Substituting
values from the Table to (12),we obtain the function RA (x)

which increases with x. [t is shown by solid lines in Fig. 6.
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] (ﬁ__ & eF :
| Q s i Comparison of the results, obtained from calculations
B mm— @ 3]
Jo 48 E Q5 { and measurements 713/ of %& ~meson relative yields in the: re-
[ O voe . |
T © C: E é i! actions Tty — 'ZX , Showed the Glauber approximation (with-
o & o T 1] out inelastic screening) cannot explain increase of “the
©  Hx a + o i
- - . N 3
O Avped o gi spectrum ratio RA(x) with x, but gives the correct mean value
o] o H O N
v 1 5 " . of Aope
Bag ik o
- . ES 3 g SN - ! To include inelastic corrections, we used the éigenstate
- ot
a5 .g % ) : method /16/ which takes into account the colour screéning
- 9 H O~ . .
w0 ~ ’g s ‘:‘.—:H ' inside the hadrons.
i —4#—— o o ] .
:z.é >=‘“ e E It is shown here that quark diagrams for the charge ex-
1 1 1 L . ODm a9 o
(‘\j ~ o~ ﬂ; g 3 5 4 ; change process do not correspond literally to the RR{P graph.
I
o : - % ° g‘ , This fact and the effect of colour Screening inside hadrons
) LTS
ﬁ & ? B : ] result in "abnormal"™ increase of the ratio R (x). At higher
o E o g d A
é $‘r§ 8 g ‘ energies the contribution of the RRR graph decreases, as is
[ o - .
. BoH % = seen from (12), and R, (x) must increase at larger x.
. O O [ m
a L0 N
- 0 g v % = The authors are thankful to Yu.L.Dokshitser, E.M.Levin
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Komenuosuu B.3., PycakoBuu H.A.
DddekTel 3KpAaHUPOBAHUA 1IBeTa IpH 06pas3oBaHHHU
agpoOHOB Ha sgpaxX B TpeXxpemxeoHHONM objiacTu

E2-86-298

JxpaHupoBaHue IBeTa npu''Markom'" BsaUMOZeNHCTBHH aJpOHOB
NPHBOAMT K TOMY, 4YTO B KBasHynpyroM paccesiHHY Ha sAjpax Heynpy-]
rue nompaBKH ''saremHsiT'' sgpo. Hao6opoT, B peakiiHH KBasHCBO—
GopHOi mepesapAAKH Heynpyrie IONpPAaBKH [AeNlanT sApo GoJjlee Nnpo—
spauHbiM. [0 9TOH Xe NPHUMHE BKIIalbl TpeXpeXeOHHBX I'padHKOB
RRR u RRP 3kpaHHpylOTCsa SOPOM B pas3HOH cTeneHu. YueT 3¢deKkToOB
3KPaHUPOBAHHA MO3BONAET OGBACHHUTH POCT Agpg(X) mpu X - 1 B pe-
aKIHHU ntA + nX OpH 3Hepruu 10,5 I'sB.

Pa6oTa BemoJsiHeHa B JlaGopaTopuH sAgepHsix npobsiem OHIH.

Mpenpunr O6beAMHEHHOr0 MHCTHTYTa sAfepHBIX ucciedoBaHui. y6ua 1986

. reaction mtA » nX at 10.5 GeV/c.

Kopeligvich.B.Z., Russakovich N.A.
Colour Screening Effects in Hadron Production
on Nuclei in the Triple Regge Region

E2-86-298

Colour screening in soft hadron interactions manifests
in a tess transparent nucleus due to inelastic corrections
in quasielastic scattering on nuclei. On the contrary, ine-
lastic corrections make the nucleus more tramsparent 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 "anomalous" growth of Agfg (X) when X > I in the

The investigation has been performed at the Laboratory
of Nuclear Problems, JINR.
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