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Cross sections and multiplicities in hadron-nucleus collisions with interacting color strings
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The energy and A dependence of the cross sections, number of wounded nucleons, and multiplicities
in hadron-nucleus interactions at high energies are discussed in the framework of a probabilistic string
model. All observables are calculated analytically. The results show that at present energies observable
effects due to string fusion are smail. However at higher energies, such as at the CERN Large Hadron
Collider or the Superconducting Super Collider, these efFects give rise to a spectacular reduction of the
multiplicity, which becomes independent of A. The total cross section, on the contrary, remains propor-
tional to A and only its small reduction is predicted.

PACS number(s): 13.85.Ni, 12.40.Cxg, 25.75.+r

I. INTRODUCTION

Soft hadron interactions are currently described by in-
terchanges of color strings, which play the role of Pome-
rons of the old Regge-Gribov theory. Models based on
color strings [dual parton model (DPM) [1,2] or FRITtoF
[3]] describe particle production at energies achieved so
far reasonably well. Color strings exchanged during a hh
collision do not seem very numerous, but their number
grows with energy and becomes large for hA and espe-
cially AB collisions for planned experiments at the BNL
Relativistic Heavy Ion Collider (RHIC) and CERN
Large Hadron Collider (LHC). This makes it necessary
to take into account a possible interaction between the
produced strings sim, ilar to the Pomeron-Pomeron in-
teraction in the Regge-Gribov approach. Several at-
tempts in that direction [4—6] point to the interaction be-
tween strings as a possible explanation for the rise in
(pl ) and the high baryon and strangeness content.

In recent papers [7,8] the authors have proposed a sim-
ple probabilistic model which gives a unified description
of interacting color strings both for the elastic amplitude
and particle production, thus incorporating unitarity.
The model predicts, in particular, that the interaction be-
tween color strings mostly affects particle production in
hA and AB collisions, its influence on hh collisions and
on the total hA and AB cross sections being relatively
small, at least at present and near future energies. This
conclusion was reached in [7,8] on the basis of crude
asymptotic estimates made for very high energies. The
model of string interactions introduced in [7,8] contains
two independent physical assumptions. One is that
strings interact as soon as their positions in the transverse
space become closer than some critical distance, which
determines the fusion area of an order of the proper
string transverse area so=tr/(p~ ). As a result there can
be no more than one string inside this area. A second as-
sumption concerns the result of the interaction between
strings. It was assumed in [7,8] that when n ordinary
strings get into the area so they fuse to form a new string
with a correspondingly higher color field flux and ten-
sion. The physical results obtained in [7,8] generally de-

pend on both assumptions. Some of them, such as the
rise in the (p~) and central multiplicities, depend cru-
cially on the assumed properties of the new strings, their
decay law, and the cross sections related to them. Howev-
er, there are some predictions following from the model
which prove to be independent of the new string proper-
ties, and, in fact, of their existence, but reflect the mere
fact that the strings do interact as soon as they come to-
gether close enough. These predictions refer to the total
cross sections and the ratio of the multiplicities for h 3
and hN collisions. It seems important to us to study
these results in some detail, since they give a possibility
to investigate the interaction between strings irrespective
of what becomes of them in the result and therefore they
are free from inevitable uncertainties and additional pa-
rameters associated with possible strings of new types.

In this paper we accordingly study the hA cross sec-
tions and particle production ratios for hA and hN col-
lisions taking into account the interaction between color
strings in the framework of the probabilistic model of
[7,8]. The results of this study confirm the general pre-
dictions made in [8]: The total hA cross sections stay
practically unaffected by the string interaction up to ener-
gies of LHC (6.3 TeV center of mass), whereas the rela-
tive multiplicities reduce drastically at such high ener-
gies. This result is independent of the structure of the ob-
jects formed in the course of the interaction between
strings and reflects only the fact of their fusion. The
study of the distributions in the number of inelastic col-
lisions n in the nuclear target shows that this reduction is
due to the substantial decrease in the probability of high
n events, in which the number of produced strings is
inevitably large and the effect of their interaction is great.
As a result the average number of inelastic collisions in
h A interactions at very high energies and therefore with
a great number of strings produced becomes independent
of A and close to unity.

In Sec. II we review the main points of the model
necessary for the following calculations. Section III is
dedicated to the total hA cross sections. In Sec. IV the
multiplicities are studied. Numerical results and their
discussion are presented in Sec. V.
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II. THE MODEL

S(b)= gpss (b) .
N

With the Poisson distribution

p = exp( g)g /—N!

(2)

(3)

we get S(b)=expIg [s(b)—1]]=exp[iga (b)], where
a(b) is the elementary amplitude. This is precisely the
eikonal expression (1).

With this interpretation we hope to introduce the in-
teraction between strings by changing the Poisson distri-
bution (3). The concrete way to do it is suggested by the
physical picture of string interaction as seen in the trans-
verse plane. As noted in the Introduction, it is natural to
assume that strings interact as soon as they are within a
certain area so in that plane, which has the meaning of
the string proper transverse area. The result of such an
interaction is fusion of several strings into a single string
of a new type, which possesses an augmented color flux
and so has a color quantum number n equal to the num-
ber of fused ordinary strings, in the Abelian approxima-
tion. This physical picture is converted into the probabil-
ity distribution p (v„) in the number v„of strings with
color n given by

p(v„)=c Q + v„!(n!)" x g (1 —kx) .
n k=1

Here x is the probability of string fusion determined by
the ratio of the string interaction area so to the total area
where strings are formed of the order of the hN total
cross section cr. With the corresponding contribution to
the S matrix given by

(b)= ff ~„"(b),

where s, is the elementary S matrix corresponding to the
string of color n, the model is completely defined for hN
scattering.

To generalize it to h 3 scattering one should take into
account that in this case the volume where strings are
formed corresponds to the transverse interaction areas
for individual hN collisions and not to the total nuclear
transverse area. Accordingly we first separate geometri-
cally the interaction area o for collisions of the projectile
with each of 2 nucleons of the target. As a result the to-
tal S matrix becomes presented as a sum of contributions
SI"' for a given number l of interacting nucleons from
the target

The probabilistic model proposed in [7,8] is based on
the interpretation of the eikonal formula for the scatter-
ing matrix S (b) for fixed impact parameter b,

S(b)= exp[i'(b)]= g [iy(b)] /N!, (1)
N=0

as a certain average. Imagine that during the collision a
variable number N of elementary objects ("strings") are
formed with a probability pz and that the contribution of
such a configuration to the total S matrix is s (b) Th.en
the S matrix will be given by the expectation value

S„(b)= g S,(b),
1=0

where

S,(b)=C„'T„'(b)[1 T—„(b)]" 'J + d b; S,
CT

and SI & & is the scattering matrix with the positions

of l nucleons fixed in the interaction area o.. Each S& is
then treated separately in the same probabilistic manner
as before, taking into account that I different nucleons
from the target are present in the interaction area and
form strings, which all fuse as soon as they come together
close enough. For fixed transverse positions of these nu-
cleons b„.. . , b& in the interaction area this leads to an
evident generalization of the probability (4):

M —1

Q Q '„'!( !)" Q (1—k ).
i, n

Si,b, . . . , b
= [1+'i(bl . bi)] '/[1+ig] (10)

Here the notation [1+xj' means the part of (1+x)'
with positive binomial coefficients,

g = exp(Qx) —1 .

The effective elementary S matrix corresponding to I nu-
cleons in the target, and si(b„. . . , bi) is the sum over in-
teracting nucleons

I

si(b». . . , bi)= g s(b, ), (12)

where each individual scattering matrix is given by the
sum over all types of strings

s(b)= g s„(b)(Qx)"/n! .
n =1

(13)

(8)

Here v'„' is the number of strings of type n produced in
the interaction of the projectile with the ith target nu-
cleon from l active ones. Now N =g, „n v„" and
M =+, „v'„' are the total color and number of strings
produced by all l interaction nucleons. The S matrix for
a subprocess with fixed l and transverse nucleon positions
will be given by

&( &')s„ (9)
&(i )

the sums here extend over all possible values of v'„'.
Equations (8) and (9) form the basis for calculations of
the total and inclusive hA cross sections with interacting
strings.

Performing the summation over all configurations v'„'
(see [8] for the details) we get for the S matrix with nu-
cleon transverse positions fixed
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The S matrix (10) goes over into the usual Glauber for-
mula when there is no interaction between strings, which
corresponds to x —+0 and sl -x.

Using the Abramovsky-Gribov-Kancheli (AGK) rules
I

[9] one concludes from (10) that the cross section corre-
sponding to k cut strings of any type in the interaction
with l nucleons from the target with their impact param-
eters fixed is given by

=[o,(b„. . . , b, )]"C",~„[1+lg c—r, (b, , . . . , b, )j' " "/[1+Ig j' ", (14)

where

I

oi(b„. . . , bi)= g cr(b; )

and o.(b) is the elementary cross section corresponding to
s(b):

Res (b) = 1 —
—,'o (b) .

The total inelastic cross section on the nucleus for l in-
teracting nucleons is the sum of (14) over all k

(17)

Of course the expressions (14) and (17) give the corre-
sponding contributions only for b, l, and all fixed b;. To
obtain the physical cross sections one should integrate
(14) or (17) over all b s in the interaction area and sum
over l = 1,2, . . . , 3 with the weights

uii= Jd b C„'T'(b)[1 oT~(b—)]" (1&)

The inclusive cross section for particle production
from k cut strings of any sort is obtained from (14) after
multiplying it by the factor kI(q) where I(q) is the in-
clusive cross section for the production of a particle of
momentum q from one cut string averaged over its type
(color). Summation over all k gives the inclusive cross
section for l participant nucleons from the target with
their impact parameters fixed

Il, b, , . . . , b

=I(q)cri(b, , . . . , bi)[1+lg]'~' '/x[1+lg]'~

(19)

'k
I I

o(i, =ciC," g y, ~ 1+lg —g x; .
i=i i=1

a —k

x;=y;,

(20)

with a = 1/x and ci = [1+lg j'. Upon summing (20) over
k with y;Wx; we obtain

aI I

iTi=ci . 1+lg+ g (y, —x, )
—

~ 1+lg —g x; .
a '

(21)

which goes over into (17) when y, =x;. Now consider all
contributions to o I which correspond to the events with
only the Ith nucleon wounded. These are those which
contain factors yi, yi, . . . , yi" in (21) and no other y, , i&I,
that is, those which remain in (21) after we put y;=0,
i ~l —1,yl=x

"wounded" nucleons) get accelerated and subsequently
give rise to the so-called "grey" nucleons, which can be
detected experimentally and are in fact the wounded ones
plus those which they produce during their cascading in-
side the nucleus. Thus the cross sections with a given
number of wounded nucleons can in principle be mea-
sured experimentally.

To find the expression for the cross section o'I"b

corresponding to n wounded nucleons out of the total
number l taking part in the interaction we have to
separate the contribution in (14) which comes from cut-
ting k strings in exactly n different nucleons (evidently
k ~n) and then sum over all possible k's. To do this
denote rr(b; ) —=x; when it corresponds to an uncut string
coming from the ith nucleon and o (b; ) —=y; when it corre-
sponds to a cut string. Then (14) may be rewritten as

It is linear in the elementary cross section as a conse-
quence of the AGK cancellations [9].

I —1

~l(l wounded) i ' + g X Xi
i=1

a

III. CROSS SECTIONS FOR A GIVEN NUMBER OF
INELASTIC COLLISIONS INSIDE THE NUCLEUS

I

1+lg —g x; .

a

(22)

Beside the total cross sections (17) for a given number
of interacting nucleons from the target with their impact
parameters fixed, the cross sections for a given number n
of inelastic collisions inside the nucleus present a certain
interest. The n nucleons that interact inelastically (the

I

Contributions with only two nucleons wounded, the lth
and (I —1)th, are those which remain after we put y; =0,
i l —2, yI 1=xI 1, and +I =xl with o.I(I 1, d d) and

I(I wounded) SubtraCted:

~ I ( I, I —1 wounded) ~l
I —2

1+lg —g x, -

aI

1+Ig —g x; .
i=1

~1(l —1 wounded) ~l (I wounded) (23)



47 CROSS SECTIONS AND MULTIPLICITIES IN HADRON-. . . 117

Proceeding in this manner we can determine the cross
sections with any number n of wounded nucleons. As
seen from (22) and (23) the corresponding explicit formu-
las with impact parameters fixed are rather cumbersome.
Much simpler expressions follow after the integration
over impact parameters.

We parametrize the b dependence of the elementary
cross sections as a Gaussian one:

o(b.
) =o o exp( b /r—) . (24)

Here r is the interaction radius for an exchange of a sin-
gle string (one Pomeron contribution)

r =ro+4a'y (25)

with ro twice the radius of the hadron, y the laboratory
rapidity, and a' the slope. According to the results of [7]
the unitarity restricts o o to be less than g; if o 0=gg then

0~/~1. (26)

The typical expression to be integrated over b; depends
on

2 I —2 I
+1(l, l —1 wounded) P + + ~+I(l wounded) & (36)

where we have used the fact that after the integration
over the b s different wounded nucleons give the same
contribution. Generally we then have

+I(I, I —1, . . . , I —n +1 wounded)

n —1
n I —n I

P 7 7 ~ n+I(1, 1 —1, . . . , I —j+1 wounded)
j=1

(37)

nucleons.
Applying (31) to the cross sections o.((") with n wound-

ed nucleons we note that the operator which acts over
p' —y' in (34) is common to all terms. The only difference
is in the function on which it operates. From (22) we
conclude that with the lth nucleon wounded, the corre-
sponding function is

I —
1 I

+I ( I wounded) P+ (35)

For two wounded nucleons, 1th and (i —1)th, according
to (23) the function is

u = g cr(b;)=oo g exp( b, /r )
—. (27)

This recurrency relation is solved with

pn I —n
+I(I, I —1, . . . , I —n+1 wounded) ~P XI X (38)

The integral thus has the form
I nI=J +d b;f( )= ' "J +d b;f( ),

1
'I

X f (dg/g) exp(io ozg)
kp

(30)

Here go=exp( cr /~r —
) and is supposed to be small. Per-

forming the integration over g we finally obtain

I =(n.r )'p' "f(o.oB, )y'(z) ~, o,
where the function y(z) is defined according to

(31)

where we have used that f is independent of b; for i )n.
Going over to variables g,. =exp( b; /r ) and i—ntroduc-
ing a 5 function to factorize the integrals over g; we
present (28) in the form

I =(r' "f du f (u)J((u) (29)

with

J((u)=(~r )'f (dz/2n. ) exp( iuz)—

The cross section o. 'I"' with n wounded nucleons is thus
determined as

+(n) C n(p P )/1+(
—n (40)

The final cross section for n wounded nucleons is ob-
tained as a sum over l of (39) with appropriate nuclear
factors

A
(n) ~ ~(n)~CTI NI

1=1
(41)

The sum over y'I' over all n )0 gives p' —g' in accor-
dance with (34).

Equations (34) and (41) form the basis for numerical
calculations of the hA cross sections. We postpone the
discussion of their results until Sec. V to study the multi-
plicities.

(39)

where the function y'("' is given by (38) multiplied by a
symmetry factor

g(z) =p+ g z "/nn! (32) IV. MULTIPLICITIES

and

n=1

p=o. /~r (33)

is a known number.
With this technique the b, integrated total cross sec-

tion results as

o(=c((mr)'[1+lg —o.oB., ]' "[p'—y'(z)]~, 0 . (34)

This expression should be further multiplied by the nu-
clear factor u)( (18) to give the final contribution to the to-
tal inelastic hA cross section coming from l interacting

The differential multiplicities (uz(q) are determined as
the inclusive cross sections I„(q) divided by the total in-
elastic cross section o.„. According to (19) they involve
an unknown factor I(q) which describes particle produc-
tion from one string, averaged over its types. However, in
the ratio of the multiplicities on the nucleus and on the
single nucleon,

a=@„(q)/p, (q),
the factor I(q) cancels out and the ratio becomes in-
dependent of the properties of individual strings. In the
following we shall study precisely these relative multipli-
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(XI b I, KICTI(b ) T. . . , bl )CT /CTPCT g (43)

cities a, which in our approximation (all strings taken at
the same energy) do not depend on the observed particle
momentum q.

According to (19) the partial relative multiplicity al
co.-responding to l interacting nucleons with their impact
parameters fixed is given by

I —1

PI(l wounded) I I ' + g g Xi
i=1

a —1

(49)

Likewise the inclusive cross section for only two nucleons
wounded, 1th and (l —1)th, is given by what remains in
(48) after we put y, =0, i ~l —2, x, , =y, „and x, =y,
minus the contributions with only the lth and only the
(I —1)th nucleon wounded:

with o.~ being the cross section for one string

o.p = f d b cr(b ) =oovrr.

and the coeScients ~I given by

K(= I1+lgI' ' 't 1+gI'~ /I 1+lgI' Ii+gI'T"

I —2

O'l(I, I —) wounded) cia (Xl —) +Xl ) ' 1+lg g xi
i=1

I I (I —1 wounded) Pl(l wounded)

a —1

(50)

(44)

The integration of (43) over b, gives

al =KllCT /o. „.I (45)

The physical a's are obtained from (45) upon multiplying
it with the nuclear factor u)l (18). The effect of string in-
teractions is contained in the factors ~l, smaller than uni-
ty. They reduce the multiplicity for an interacting nu-
cleon when surrounded by l —1 others as compared to an
isolated one. The total relative multiplicity a is the sum

(46)

As with the cross sections, we shall be also interested
in the multiplicities a'"' for n nucleons interacting
inelastically (wounded). They are determined as ratios of
the corresponding inclusive cross sections I'"' to the
cross sections o'"' for n wounded nucleons calculated
above, normalized to the case 3 =1. To calculate the in-
clusive cross sections I'"' we apply the same technique as
for the cross sections o'"'.

The multiplicity corresponding to k cut strings of any
sort for l interacting nucleons, up to a factor which can-
cels out in a, is given by (14) multiplied by k. We rewrite
it as

i =I —n+1

I —n

x, 1+lg —g x,
a —1

(51)

The integration over 6; with l —n + 1 +i ~ l is done
directly resulting in the factor nm. r o." '. The rest of the
integration is performed according to Eq. (31), so that the
integral (51) is finally given by

where p is defined in (33). The part of the operator ap-
plied to the function g' " which is independent of n is
common to all expressions for multiplicities with a
diA'erent number of wounded nucleons. So we present
each multiplicity as

Then we find from (49) and (50)

Proceeding in the same manner we can calculate the in-
clusive cross sections for an arbitrary number n of
wounded nucleons out of their total number l.

As in the case of ordinary cross sections, simpler for-
mulas are obtained after the integration over nucleon im-
pact parameters b;. The typical integral that appears
here has a structure

I

PIk kci C,"—k I

1+lg —g x,

'a —k I —1
~I(l wounded)

I —2~l ( I, I —1 wounded ) ~P+ ~I ( I wounded )

(47) and generally

(54)

(55)

where we have used the same notation as in Sec. II:
a = 1/x, x; =o (b, ) for uncut strings and y, =o (b; ) for
cut strings. The sum of (47) over all k with x;Wy, gives

I I

(tel=cia g y, 1+lg+ g (y, —x, )

i =1 1=1

'a —1

(48)

With x; =y; this brings us back to (19) for the total multi-
plicity for l interacting nucleons.

Consider again all events with only the lth nucleon
wounded. The corresponding inclusive cross section is
given by what is left after we put in (48) y, =0, i ~ l —1,
Xl —Pl .'

Equation (56) gives a recurrency relation with the solu-
tion

n —1 I —n~I ( I, I —), . . . , I —n + ) wounded) (P (57)

The multiplicity p'I"' for n wounded nucleons is obtained
from (53) with a function A, (l") given by (57) multiplied by
a symmetry factor

~I(l, l —1, . . . , I —n+1 wounded)

n —1
n —1 I —n ~ ~jznP 7 ~ ~n "I(I,l —1, . . . , I —j+1 wounded)j= 1

(56)
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A', ", '=nC,"(p —y)" (58)

The sum of A, &"' over all n gives a constant Ip' ' which
upon substitution in (53) and proper normalization re-
turns us to (45). The final multiplicities )M'"' for a given
number of wounded nucleons are obtained from (53) after
summation over l with nuclear factors attached and ade-
quate normalization:

( ) —y )~ / )

1=1
(59)

V. NUMERICAL RESULTS AND DISCUSSION

Calculations of the cross sections and multiplicities in
the model require knowledge of the parameters x, g, and
cro which determine the probability of string fusion, their
number, and the cross section for one string averaged
over its types, respectively. In accordance with the phys-
ical picture explained before, the probability x was
chosen proportional to the ratio of the proper string
transverse area to the total interaction area

at the energies as high as 1/s =6.3 TeV and with the
choice b, =0.5 (that is, with a very strong string interac-
tion) they are reduced by 15% at most. This can also be
seen in Fig. 2 where we compare the energy dependence
of the p-air inelastic cross sections without (x =0) and
with string interactions and of the experimental ones tak-
en from cosmic ray data [11]. The interaction of strings
reduces the cross sections by 10% at the highest energy.
The experimental data suffer from various uncertainties
and depend on the way they are extracted, making the
comparison inconclusive. It is remarkable that the string
interaction does not change the A dependence of o. ~,
which stays proportional to A, although with a slight-
ly lower coefficient.

The relative multiplicities a (Fig. 3), on the contrary,
change drastically both in their absolute value and A

1600

x =0.199rr/o (pi) . (60)
1 400

The numerical coefficient 0.199 was taken to ensure the
unitarity of the model at the energy as low as correspond-
ing to p„b =200 GeV/c (y =5.93). With a higher value
of the fusion probability the resulting pp cross sections at
y =5.93 become lower than the experimental ones. The
cross-section parameter o.

o was taken in the same form as
in the theory of a supercritical Pomeron,

o.o= C (ro/r) exp(by ), (61)

with r and ro related according to (25). Two values for
the intercept 6 were considered: 6=0.12 and 5=0.5.
This latter high value is favored if one wishes to describe
the rise in (p~) and multiplicity with energy by string
fusion [7]. The parameter g was determined from the
condition that the values of the cross section o for pp (or
pp ) interaction given by the model coincide with the ex-
perimental ones, extrapolated for energies unaccessible so
far as a +by . It turns out that this procedure essentially
eliminates the dependence of the results on the value of
the numerical coefficient C in (61): A change of C by an
order of magnitude changes the results by a few percent.
We have chosen C =0. 1 in the calculation.

For the nuclear profile function T„(b) a simple form
was taken that corresponds to a constant nuclear density
inside a sphere of a radius R ~. To take into account the
growth of the interaction range at very high energies the
radius R ~ was taken as a sum of a constant proper nu-
cleus radius plus the hadron radius, which grows with en-
ergy in accordance with the values of o. . The value of R ~
was determined to be A ' 1.26 fm at p&,b=800 GeV/c
from the known experimental data on pA inelastic cross
sections [10]. The results depend very weakly on a par-
ticular form of T~ (b) and are practically the same even
with a constant T~ (b).

The results of the calculation of h A cross sections and
relative multiplicities are presented in Figs. 1 —5.

As expected, the total cross sections (Fig. 1) are only
slightly affected by the interaction between strings. Even
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FICx. 1. The h A inelastic cross sections as a function of A '

at (a) p&,b =800 GeV/c and (b) &s =6.3 TeV. The curve x =0
corresponds to noninteracting strings. The experimental data
are at p ~,b

=800 Vie V/c [10].
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dependence. As observed from Fig. 3(b), for high ener-
gies and therefore with a strong interaction between
strings they become practically independent of A and
close to unity.

The physical picture underlying this change becomes
clear from the dependence of the cross sections and mul-
tiplicities on the number of wounded nucleons presented
in Figs. 4 and 5 for a Au target (A =197). The striking
feature of these results is a very weak inhuence of string
interaction on the multiplicity for a given number n of
wounded nucleons. It practically remains proportional to
n at least up to values n =8, for which the cross sections
are not too small (Fig. 5). There does not seem to appear
any sign of a saturation. A possible explanation of this
result is that the string interaction equally reduces the hN
interaction itself and absorption corrections to it, so that
the net result is negligible (as happens normally with the
AGK cancellations [9]). The cross sections o'"' having n

wounded nucleons, on the other hand, change radically
(Fig. 4). They fall with n much more rapidly than
without string interaction, so that at high energies very
few wounded nucleons appear with appreciable probabili-
ty. As a result, the mean number of inelastic collisions is
substantially reduced, approaching unity for a very
strong string interaction. This result is all the more in-
teresting if we recall that the total cross section stays
practically the same.

We tried to compare these results to the existing exper-
imental data on the dependence of the cross sections and
multiplicities on the number of inelastic collisions inside
the nucleus [12]. Unfortunately these data belong to
comparatively small energies (p&,b

= 100,200 GeV/c),
where the effect of string interaction is not so pro-
nounced. Besides, what one sees in experiment is not the
number of wounded nucleons n but rather the number of
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use of the standard procedure to convert data on grey
protons to wounded nucleons n =n (p„) [13]. The result-
ing experimental points for the cross sections and multi-
plicities on Au are shown in Figs. 4(a) and 5(a) by circles
and triangles for two different choices of parameters in
the conversion formula. In both cases the experimental
data do not agree too well with theoretical predictions
both with and without string interaction. The difference
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FIG. 2. The p-air inelastic cross sections as functions of the
laboratory energy. The curve x =0 corresponds to noninteract-
ing strings. The experimental points are from [11].

FIG. 3. The ratios of h A to hN multiplicities a as a function
of A' ' at (a) p~,b=200 GeV/c and (b) &s =6.3 TeV. The curve
x =0 corresponds to noninteracting strings.
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between these latter is of the same order of magnitude as
the one which results from different types of nuclear
profile functions. Therefore more precise experimental
data, preferably for higher energies, together with a de-
tailed knowledge of the relation between n and p„, are
needed to draw definite conclusions on the subject.

We want to stress that the present calculation was per-
formed in the simplified version of the string interaction
model where all strings are formed at the same energy
and no attempt has been made to incorporate energy con-

servation. This corresponds to energies high enough,
when all strings formed have a considerable "length*'
(that is, carry enough energy). It is known, however, that
at present energies strings vary substantially in their ener-
gies and the majority of them are rather short. The gen-
eralization of our model to this realistic case requires
considering strings with different locations in the rapidity
space. Together with the energy conservation require-
ment, this considerably complicates the picture, so that
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FIG. 4. The hAu inelastic cross sections for different num-
bers n of wounded nucleons at (a) p&,b=200 GeV/c and (b)
&s =6.3 TeV. The curve x =0 corresponds to noninteracting
strings. The experimental data are at p~,b =200 GeV/c [12].

FIG. 5. The hAu multiplicities for different numbers n of
wounded nucleons relative to n =1 at (a) p~,b =200 GeV/c and
(b) &s =6.3 TeV. The curve a = n corresponds to noninteract-
ing strings (x =0). The experimental data are at p] b=200
GeV/c [12].
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calculations become possible only within a Monte Carlo
approach. Such a program is now in progress. However,
our strongest prediction, namely, the practical indepen-
dence of the multiplicity on 3 at very high energies, will
remain valid independently of the above considerations
and may have important consequences for heavy-ion col-
lisions at RHIC and LHC energies. Several theoretical
predictions on multiplicities at the LHC energy have
been made using different models. The values of the cen-
tral charged rapidity density for central Au-Au collisions
range from 2500 in VENUS 3.11 [14] to 3200 or 7000 in
the DPM depending on such details as the pp cross sec-
tion used, the shape of the nuclear profile function, the
definition of central collisions, and approximations made
in the course of calculations [15,16]. The resulting A
dependence is 3 ' ' in VENUS 3.11 and A in DPM,
the latter being the one which corresponds to the pure
AGK rules and the Glauber model. The extension of our
approach to nucleus-nucleus collisions is straightforward
but does not allow to obtain analytic formulas like the
ones obtained here for the hA case. The exact behavior
of cross sections and multiplicities in A 3 collisions with

2 and energy can thus be studied only by Monte Carlo
simulations. Nevertheless, based on the analogy with
Pomeron models for AB collisions, one may conjecture
that in the limiting case of strong string fusion the multi-
plicity in AA collisions would become proportional to

At LHC energies we would therefore expect it to
behave between 3 and A, with a reduction factor rela-
tive to the standard AGK prediction of the order

. For Au-Au collisions it will reduce the value
of the central charged multiplicity density by a factor of
6/33, which means that this multiplicity density should
be less than 1200. Needless to say, this spectacular
reduction may have important consequences in many as-
pects, ranging from the LHC detectors to the extensive
air shower data in cosmic rays.
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