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Multiple scattering effects in proton-nucleus collisions and the behavior of the total
and partial inelasticities
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A modified version of a multiple scattering model is applied to describe nuclear inclusive reactions of the
type pA— pX and investigate the behavior of the inelasticity in nuclear processes. The modifications are such
that some recent developments in the Pomeron physics are incorporated into the new theoretical scheme. The
particular attention paid to the diffractive region of the spectrum results in a very good description of the
diffractive cross section in terms of the atomic mass. Another important outcome resulting from this analysis
is the average total inelasticity whose atomic mass and energy dependences are shown to be in agreement with
the available data. Moreover, the behavior of partial inelasticities in intranuclear collisions is also discussed.
[S0556-28189)00907-3

PACS numbgs): 13.85.Ni, 11.55.Jy, 13.85.Tp, 24.10.Ht

I. INTRODUCTION believe they are reasonable and completely justified by the

Ph logical models able to d i ¢ | u%ood description obtained for the experimental data.
enomenological models able 1o describe proton-nucleus -, .o present analysis, special attention is dedicated to

interactions have been discussed extensively in the Iiteraturrt:sne diffractive component of the cross section. Instead of just
and continue being an object of attention due not only tointroducing it via the (IM12)-dependencéas is usually done
their intrinsic interest, but also to their importance to the;, gych an analysiswe perform specific calculation for this
analysis of high energy processes in both heavy ion colliegion of the spectrum and compare the results to the avail-
sions and cosmic-ray physics. In the latter case, for instancgple data.

they are crucial to estimateia cascade generatore en- In short, we show that the combination of the BC and
ergy of the primary particles interacting at the top of theFGS models produces a very good overall description of the
atmosphere. Of particular interest in heavy ion collisions ispA—pX data in all regions of the spectrum. This is done
for example, the possibility for quark-gluon plasm formationwith only one free parameter that regulates the elasticity of
which depends directly on the amount of energy deposited ithe collisions in the nuclear medium. Since the BC model
the central rapidity region. A key quantity in both cases isprovides the energy dependence which is characteristic of the
the so-called inelasticity parameter whose behavior is thé&egge pole formalism, no additional adjustments are neces-

object of analysis in the present paper. sary to obtain such a behavior for the nuclear cross sections
In a recent articlg1], we have proposed a modélere- ~ and for the other quantities that are studied. _
after called BC model, for brevilyinspired in the Regge- The paper is organized as follows. In Sec. Il, we give a

Mueller formalism which, through an appropriate combina-Summarized description of the BC model and present some
tion of contributions for the central and fragmentation Of its characteristic results. In Sec. Ill, we show how the BC

regions, was able to give a good description of the inclusivén©del is applied to the FGS approach in order to obtain a
spectrum of the proton ipp collisions in the whole phase theorgtpal framework “S‘?d fo descripé—pX reactions.
space Descriptions of the experimental data and an analysis about

In the present paper, we extend our analysis to nucleatlhe.ineIaStiCity behavior are shown in Sec. IV. Finally, our
. . : . . main results are summarized in Sec. V.
inclusive reactions of the typgA— pX by using a multiple
scattering model which was initially proposed by H{&,
with further developments introduced by fder and Klar Il. THE BC MODEL
(HK) [3] and Frichter, Gaisser, and Stan@&GS [4]. In all
of these approaches, Feynman scaling is assumed. The theo-The description of the leading proton spectrum presented
retical framework employed herévhich could be called in Ref.[1] was established according to the reaction mecha-
FGS/BC approachconsists basically in introducing the BC nisms dominant at the central and fragmentation regions
model into the FGS formalism to compute the multiple scat‘whose cross sections can be derived within the Regge-
tering effects. In doing so, some additional assumptibles ~ Mueller formalism[5]. In such a description, the central re-
sides those of the original FGS model are required, but weion is dominated by double Reggéoexchanges and the

respective invariant cross section is given by

IFor instance, the BC model, which is based on the Regge-
Mueller formalism, incorporates Feynman scaling breaking in a 2The designation Reggeon here stands for the usual secondary
natural way. Reggeons and for the Pomeron as well.
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10’ g - - =D). In this case, we followed the renormalization scheme
i o pp —>pX proposed in Refl6] due to the specific problems to describe
& the experimental data in such a region. For details and par-
® ticularities about this and the other contributions we refer the
@ reader to the Appendix A and RdfL].
100 L e ] In Figs. 1 and 2, we show how the theoretical approach
f E outlined above compares to some of the experimental data

=-0.17GeVie ] [7.,8]. In Fig. 1, we point outfor two differentt-values the
$=756 GeV diffractive behavior in the reactiopp— pX, which is absent
et : o ' ' 3 from the reactiorpn— pX. This difference is important for
i ] the calculation that will be described in the next section.
107 ¢ 3 Figure 2 shows how the different contributions combine to
. ] compose the flat spectrum exhibited by the cross section

d’o/dtdE (mb GeV™)
3

- & da/dx for the reactionpp—pX.
U :
10" ' =025 GeVic ] Il. BC MODEL APPLIED TO THE FGS APPROACH
] =756 GeV’ . . o :
o f . . L S ...... c L As mentioned in the Introduction, in order to describe the
10 008 000 008 016 024 03 0.40 invariant cross section for the inclusive reaction proton-
E=1-x nucleuspA— pX, we make use of an approach developed in

Refs. [2—4] that takes into account the multiple scattering
FIG. 1. Invariant cross section for the inclusive reactipps  effects supposed to happen inside the nucleus. The FGS ver-
—pX (solid curves andpn— pX (dashed curvesThe solid curves  sjon of this approach4] (which is used hepeconsists basi-
are obtained from Eq¢A8), (A14), and(A16) which correspond to  cally of a generalization of the Hiver-Klar model[3] to
the Pomeron, pion, and Reggeon contributions, respectively. ThﬁA—>NX, whereN stands for either proton or neutron.
dashed curves require only the pion and the Reggeon contributions. In this kind of process, the scattered nucled (s speci-
Thes_e plots intend to put in (_evider_me the_differences between the§%d by its transversal momentumy , and by the fraction of
reactions that occur at the diffractive region. the longitudinal momentunx. In a similar way to what is
done in Ref.[4], we express the invariant cross section of

Eds—0=2 (1) ia'(O) 12“1(0) 1' @ such a process as
dp® 13 So So
10° - . . — T
where mr=(p7+mZ) is the transversal mass, ane- F :iﬁﬁfﬁ?@ﬂiﬁm (400 GeV/c) PP~ PX
—myy/s€ andu=—m;/se Y are the Mandelstam variables " Brenneretal. (175 GeV/c)
given in terms of the rapidity =In(E+p,)/m;. The contri- 10’ 3 = Brenner et al. (100 GeV/c) E
butions considered in our analysj] correspond toi,j b T g"“‘l
=P,R, that is double Pomeron, double Reggeon and crossed . R‘;’;‘;ﬁ;‘
terms. __10° | —— Pion !
For the fragmentation region, we have applied the triple g — -~ Central ]
Reggeon model whose cross section has the following gen- 5
eral expression: %
z
& Fo(M2S,t) (M2 2
Yo (M5t a5 M?), @

kkP

in which f,(M?/s,t) is the so-called flux factor, given by

fk(les,t)zﬁFz(t) - , &) ' ' T

,82 ( M 2) 1-2a(t)
) ] ] FIG. 2. Leading proton spectrum obtained from the reaction
where g, is the coupling constant arfé(t) is the form fac-  pp . px. The broken curves, calculated fgls=15 GeV, corre-
tor. These quantities are specific of each contribution and argyond to the central, Pomeron, pion, and Reggeon, contributions
determined according tb=P,RR, . which are obtained from EqéA7), (A8), (A14), and(A16), respec-
A particular attention was paid to the diffractive region tively. The continuous curve is the result obtained by adding all
which is dominated by the triple Pomeron contributida ( contributions up. Data are taken from references quotg@]in
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100 ¢ . e . 1 [ i \PNoPX
g , ®

opp ] DY(x,p2)=— ixdg

*pp ] olhel

which in turn were previously fixed from data of the reac-
tionspp—pX epn—pXas shown in Sec. Il and in RdflL].
As for v>1, we assume that the recurrence formulas from
FGS approach apply, that is

= ]
& ] 1dy
; 0008 = [ ngSE_ (DD 0xty.ph
>} ] x Y
+n1S,_;(y)D}_1(xIy,p?)] (9)
— and
n 2\ 1dy pot n 2
: ] D,(X,p7)= XV[nlsvfl(y)DV71(X/y1pT)
10° 10' " 10° 10° 10 B ,
s (GeV) +niS,_1(y)Db_(x/y,pP]. (10)

FIG. 3. Inelastic cross section farp and pF scattering. The

HE " In the expressions above, the functidjs ~(y) are defined
curves correspond to the parametrizations given by(Bgand the

data are froni10]. as
d3 A S+,—(y) yaVM ?’n(y) (11)
o =
A—NX)= PADN(x,p?). 4 Y ! ’
dxdﬁ(p — ) ]}Zl g, V(X pT) ( ) fo dyya”M E,n(y)

The modifications that we are going to introduce in the FGSyjth ay=0 and a,(r=1) as the(unique free parameter.
model resides specifically in the distributi@f(x,p7). The  The distributionM®"(y) comes from
partial cross sectionrrﬁA, is calculated as in Ref9] with

minor differences in the nuclear densitiesee Appendix B

The expression is MB’”(V)ZJ DYy, pf)dp?, (12
| n .
PA_ 2 : vi1_p \A-v and the parameterg andn that appear in Eq$9) and(10)
T f d bv! (A—v)! Pall=Pa™ " © pondering the contributions are the multiplicities given by

i hich '
in whic ngv”:f MP(x)dx. (13
0

_ _inel *
Pa(b)=0opy J,depA(z’b)' ©) By integrating Egs(9) and(10) over pr, one obtains the

recurrence relations for the longitudinal distributions as
In Eq. (6) and wherever the cross sectioﬁ‘g' appears in originally proposed in the FGS model, that is
the following, we use our own parametrization: 1dy
| meoo= [ "rnes: L me o)
op=12.37s710434.90s 2% 31.30s*** (mb), g
(7) _
+n1S, 1 (Y)MT_1(x/y)] (14
which is compared with datdl0] in Fig. 3. This parametri-
zation is proposed here to be consistent with the Pomeron
intercepte=0.104 taken fronj11] and used to describe the . 1dy . .
Pomeron contribution in the BC model. M V(X)Zf V[HESV_l(Y)MV_l(X/Y)
Now we come to the main part of our argument to estab- X
lish how the cross section given py E\q)}s caIcNuIatezd. First +nlS, L (Y)MP_ (x/y)], (15)
we assume that fow=1, the distributionsD7(x,p7) (N
=p,n) are established from the normalized cross section from which one may calculate the cross section
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FIG. 4. Differential cross section for diffractive dissociation of
nuclei obtained with the FGS/BC approach in comparison to experi- FIG. 5. Integrated diffractive cross section vs atomic mass
mental data from the HELIOS Collaboratiph2]. The curve is obtained by the integration of the differential cross
sectiondag/dx within the experimental limits. The data are from
A HELIOS Collaboratior{12].

(pPA—NX)= Zl aPAMN(x). (16)

do

dx Fig. 5, the integrated cross section is compared to data of the

. S . same experiment, showing a perfect agreement.

Although we have introduced modifications in the FGS g6 clarifications about these calculations are in order.
model by.defhllnlng 2the distributions aIrNeady at the levebof gt of a1l we emphasize that no free parameter was used to
=1, that isD;(x,p7) or equivalentlyM;(x), one may con-  spain such a description. It was obtained basically by intro-
sistently specify the boundary conditions as ducing the leading proton spectruis it is given by the BC
mode) into the FGS formalism and by taking=1. This last
assumption ¢=1) is also used in the FGS analy$# and
is justified by the fact that the diffractive dissociation of a

_ _ nucleus seems to occur as a result of the excitation of single
One can easily see that the approach given by B#8~ |, ,cleons on its rim(see[12] and[13)).

(17), namely the FGS model, corresponds to a generalization - Another important point here is that the renormalized flux
of the Hifner-Klar model[3] that suitably includes the pres- acior, as it is described in Refg6,14), was applied to the

ervation or changing in the leading particle isospin. ThiSyttractive cross section as well as the convolution procedure
generalization was proposed in terms of the longitudinal diSy, ¢ takes into account the resolution effects in the determi-

tributions M }(x). With our modifications, proposed in the nation of the(recoiling proton momentum in the region of
Eqgs.(4—(13), we intend to show that the validity of such a y 1 (see[14]).

theoretical scheme can be extended to distributions depen- ajthough the agreement with data shown in Fig. 4 is not

dent on both variables, that is BY)(x,p%). This is shown in  perfect, it is good enough to propitiate an excellent descrip-
the next section. tion of the data in the fragmentation region, which is pre-
sented in the following.

The description of the cross section in the fragmentation
region requires full implementation of the FGS formalism.
We show the theoretical predictions compared to data of two

We start this section by presenting the results for diffrac-different experiments: in Fig. 6, the longitudinal spectrum is
tive dissociation in nuclear processes obtained with the apsompared to data of Refl5] and, in Fig. 7, the invariant
proach outlined above. As we shall see, a good description afross section is compared to data of R&B] for two differ-
the data in the fragmentation region require@tleast rea-  entpy values. As we see, particularly in Fig. 6 the agreement
sonable description for the diffractive spectrum. In Fig. 4, itwith the data is pratically perfect, while in Fig. 7 it is quite
is shown the diffractive cross section predictions for Beryl-reasonable too. In order to obtain such results we have per-
lium, Aluminum, and Tungsten in comparison to the experi-formed the sum in Eq4) up to »=8 since the contributions
mental data obtained by the HELIOS Collaboratfd2]. In beyond this value are negligible. In Fig. 8, it is shown

M§(x)=48(1—-x) and Mg(x)=0. 17

IV. RESULTS AND DISCUSSION

A. Cross sections
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FIG. 6. Leading proton spectrum for the reactignd— pX FIG. 8. Leading proton spectrum obtained from the reaction
(A=Be,Cu,Ag,W,U). The curves are determined from thepU—pX. It is shown the behavior of the contributions calculated
FGS/BC approaciias described in the texfor s=15 GeV and from v=1 to =8 as they appear in E¢4). Data are fron{15].
the experimental data are from Rgf5]. The data were shifted as

shown in the figure for clarity. that, to pass from a description of the inclusive reactiqn

— pX (obtained in a totally independent wayp the descrip-

the x-dependence of these contributions and the final resukt .
: ion of nuclear reactions of the typeA— pX, only one free
for the uranium case.

The results shown above were obtained by fixing the fred arameter was necessary. After fixing, the curves pre-

. _ Sented in Fig. 7 were calculated directly, without any other
parameter that appears in B4l) asa,=2.6 (v=1) for the adjustment. This tells us that Eq®) and (10) works pretty

data of Fig. 6. This is a remarkable outcome if we ConS'de(/vell and, therefore, that the same scheme of calculations that

is used to obtainMP"(x) can be successfully applied to

4
10 T T T T T T T .-C Dg,n(x1p_2r) as well.
(@) pA—pX oAl In short, all of this shows how good the FGS approach is
e p.=03 GeV/c 'gu in taking into account the multiple scattering effects.
X DAz A

Back to the parametex,, we note(like in [4]) that its
role is making harder the spectrum inside the nucleus. Since
it is indispensable to describe the data, we conclude that the

10 elasticities of the intranuclear collisions are not the same as
% for free particles. We discuss this point in more detail below.

2 10 Another point to be mentioned about these calculations is
=] that, for the energy at which the data of Fig. 6 were taken,

the corresponding leading particle multiplicities arg
=0.56 andn}=0.44, and that makes exacth}+nj=1.
However, this result is accidental since these multiplicities

Ed’o/dp’
5

10 were calculated independently and directly from the BC
model; and furthermore they change with enetgpiffer-

10" ently from what was done in the FGS analyp#d, in our
calculations we did not impose any constraints on the multi-

10° . plicities so that they were left free to change with the energy

01 02 03 04 05 06 07 08 09 1 as determined by the BC model.

X

FIG. 7. Invariant cross section for the inclusive reactiqis
—pX (A=C,Al,Cu,Ag,Pb) as given by the FGS/BC approach in 3The energy evolution ofif can be seen in Fig. 8 of Ref1].
comparison to data experimenfdl6] for two p; values. Data and Notice, however, that the values given there correspond to two
theoretical calculation correspond {B=14 GeV. hemispheres and therefore should be divided by 2.
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10 F Actually, in Ref.[3], | is one of the free parameters that is

@ adjusted to describe the data and physically represents a
0.8 oo measure of the nuclear stopping power since it gives the rate
06 EoTSIoooorE T T T T ] of energy loss after every intranuclear collision.

% - In the FGS model, an analogous quantity based on the
04 interplay of Eqgs.(14) and (15) is also defined. However,
oa b there is a bit of confusion in such a definition which we try to

’ clarify below. After introducing the mean value

0.0 & = R

10 10 10 1

"2 (GeV) (x)B‘“=J dxxMP"(x), (20)
1.1 £ T T T T T T T T T 0
09 | 3 the authors present the relati¢gee[4])
0.7 L ; P/ AP L AN/ AN — (1 p p n n
E E N(X),+N (X)), 1=(1—=1,)[Nn5_(X),_1+Nn,_1(X),_1],
e E © 450 GeV é [ V< >V V< >V] ( V)[ v l< >V 1 v 1< >V l(]21)
05 F —-—10GeV E
——25GeV . . _ . .
03EF 450(§eV K in which |, is said to be given by
—— 1000 GeV
I A | 1 1 sl eaat ! t I _1_cot_ o
01 0 25 50 75 100 125 150 175 200 225 250 ,=1-§ -5 (22)

A with
FIG. 9. Behavior of the average inelasticity in terms(af en-
ergy, \/5 and (b) atomic massA. The experimental data, from 1 1
[17,18, refer to carbon and lead nuclei and were measuregsat S,f:nﬁ dnyf—l(y)- and S;=n'£f dyyS,_1(y).
~450 GeV. 0 0 23

B. Average inelasticity The reader will easily identify Eqg21)—(23) above with

Average inelasticity, a quantity that is employed in the Eds-(20) and(21) of Ref.[4]. .
calculation of cascades developed in the atmosphere, is usu- The problematic point here is that the expressionsl for
ally defined as the fraction of energy used for multiparticlethat comes from Eqs(21) and (22) are inconsistent with
production in every collision. Due to the lack of experimen-€ach other. Perhaps the easiest way to verify such a state-
tal data, it is difficult to establish how this quantity is ob- ment is by puttingy=1 in both expressions and comparing
tained and how it should evolve with energy. This difficulty the results. Since no details about these calculations appear
is noticeable by the enduring debate going on in the literaturé [4], we give below our own interpretation about a possible
(see, for instance, the papers about this subject quoted ®figin for such a problem.

[1)). First we note that by applying the definition of the mean
In the present analysis, we define the total average inelayalue(x) given by Eq.(20) to the Egs.(14) and(19), itis
ticity as possible to manipulate the outcomes to work out the relation

1 [ doPA=pX X)P+ ()" =[S +57 1" 24
<k>=1_<X>=1— fx_ dx, (18) < >V < >V [Sp Sn] (29
Tincl dx

This relation is crucial to what follows.
From the above equation, we define a kindaskerage
where the inclusive cross sectionslo/dx)PA~PX corre-  nucleonic inelasticity K given by*
spond to those curves presented in Fig. 6, but normalized by

the integrated inclusive cross sectiofq=[(do/dx)dx. ()P4 (x)"
The way the average inelasticity evolves with the energy (1-K,)= T o =S; +S, . (25
Js and with atomic masa is shown in Fig. 9. In both cases -1t ()1

a mild increasing of(k) is observed. Two experimental , .
points [17,1§) are given for comparisor(ke)=0.65+0.08 It is immediately seen tha€, so defined corresponds exactly

from [17] and(kpy) = 0.83+0.17 from[18]. 'ﬁq)elgr?i\\//;::y Eq.(22). Now let us introduce theormalized

C. Partial inelasticity
The concept of partial inelasticity was firstly defined in “Such a definition should not be confused w(f) given by Eq.

the Hifner-Klar model[3] by the relation (18). The latter is a quantity that refers to the inclusive process
pA—pX as a whole, whereak, has to do with putative intra-
(X),=(1=1)(x), 1. (199 nuclear collisions.
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1.0 - ' ' should also be noted that they agree with this experiment in
a more general sense since it is clearly establishedckthat
1 is much less thaik;.

08
V. SUMMARY

In this paper, we have presented an extension of a previ-
ous analysig1] on the inclusive reactiopp—pX (here
called the BC modeglto nuclear processes of the typé\
—pX. In order to do that, we have used an approach to take
into account the multiple scattering effects inside the nuclear
matter that was proposed initially by HW2] and developed
by Hufner and Klar[3], and Frichter, Gaisser, and Stanev
] (FGS model [4].
~. By using the last version of such an approach, we have
shown that a combination of the BC and FGS models makes
up a theoretical framework that requires only one free pa-
rameter to provide a quite precise description of the inclusive
nuclear processes analized. Besides the agreement with cross

e
o

Partial Inelasticity
o
'S

o
[38)
\
/

.-
—

00

10" 10° 10’ 10° 10°

FIG. 10. Behavior of the partial inelasticitiés, and K, in
terms of energy.

1
P.Nn
fo dxxM;"(x) ) ()P

Gop"=
14 ng’n

: (26)

section data, the consistency obtained with experimental re-
sults of average inelasticityk), and partial inelasticities,
K, , indicates that the combined FGS/BC model constitutes a
theoretical framework quite appropriate to compute the mul-
tiple scattering effects of intranuclear collisions.
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Tor1
fo dxMP"(x)
APPENDIX A: CROSS SECTIONS

which implies In this appendix we present the main expressions used to
calculated the cross section for the inclusive procpgs
(X)PN=nPnix)Pn, (277  —pX as they were applied in our previous pape}.

By replacing Eq.(27) in Eq. (25), one gets the relation 1. Central region

For the central region, we use the invariant cross section
[NP(OP+n"(x)" = (1—K,)[nP_,(x)P_ +n"_,(3)"_,7, given by the double Reggeon mod8l, that is

28
( ) ai(O)fl C(j(o)*l

. (A1

t
So

u

So

d3o 2 )

which is basically the same as Eg1), with exception of the Edp3 G %ij (M)
definition of the mean value of Thus, it seems clear from
the reasoning presented above that the mentioned inconsig- which the coupling functionyij(mi) assumes a Gaussian
tency in the definitions of, comes from an ambiguit§prob-  form,
ably involuntary in the treatment ofx). Be that as it may,
we apply in our calculations the definitid@5), which cor-
responds to the FGS expressi@g).

In Fig. 10, we show the results obtained #y andK ,~,  From Eq.(Al), the invariant cross sections for the contribu-
obtained from Eq(25). Roughly speaking, the main result is tions obtained with,j=P,R become
thatK, is on average five times larger th&n .., . K; exhib-
its a pretty mild behavior whil& - ; in turn presents a fall
off with energy up toys~10° GeV, which is similar to the
results shown in the FGS analy$#]. Beyond this energy,
FGS results continue to fall while our calculations indicate a (

2
yij(m§) =T ;e amr. (A2)

—Tpe Mm%, (A3)

d3c

sensible increasing with energy. E ) :2F‘P‘Hefa“,]{m%(m_r\/g)e+a‘H(O)fl
PR+ RP

Finally, we note that both theoretical results are rather
small in comparison to a recent experimental estimation
which givesK ,-;=0.2 at\s~450 GeV[17]. However, it

dp®
X cosh (1+ e—ap(0)y)], (A4)

014902-7



M. BATISTA AND R. J. M. COVOLAN PHYSICAL REVIEW C60 014902

TABLE I. Values of the parameteis;; anda;; . :30
fp(é,t)= = Fi(t) ¢t 20 (A10)
i [y (mbGeV?) a; (GeVv ?)
PP 23.53 3.90 and
PR —29.8 3.45 1 =0
RR 13.75 1.80 N(s)= J f fp(&t)dtdé. (A11)
1.56J —x
and In the above expressionB,(t) is the Dirac form factor,
FL() (4m°—2.7%) 1 (AL2)
d3o 1= 2_ t \2
E— = [‘We*auﬂﬂmi( mT\/g)Z(aH(O)*l)_ (A5) (4m°—t) 1— ——
dp3 RR 0.7

In the above expressions, x(0)=0.5 ande=0.104 [11]. the Pomeron trajector;z/ isap(t)=1+€e+a't lwith €
The other constants are adjusted to describe the data of the0-104, @’ =0.25 GeV”, and ,=6.56 GeV ", deter-

reactionpp— pX (whose production mechanism is typically {Polmg frlc\)/r;\rglt?] In EQ. (A8) the Pomeron-proton cross sec-
centra) through the expression g y

opp(M?)=Bog(sf)© (A13)
d3o central d3o d3o
(E—3> (E—) +<E—3) with the triple Pomeron coupling determined from data as
— 1
dp*/ o ~ox dp®/ ., dp*/ ps ke gp=09 Gevl o
The pion contribution 7 P) is given by[21]
d3
Ed—” (A6) o
p? didz Wp—fw(f,t)X«pr(SE), (A14)
These constants are given in Table I. where
Then, in order to obtain the central part of the cross sec-
tion for the procespp— pX, we make 1 gz It ,
f (Et)=-— ————ePalt=pDgl=2e4() (A1)
PBo central o central Am 4w (t— )
(EF> :"(S)< EF) 0 AD anda()=0.9¢ p?) with p?=m2=0.02 GeV. We fol-
pp—>pX pp—>pX

low [21] putting g?/4w=15.0 andb_=0. The pion-proton
cross sectionr . ,(s€) = 10.836£) %1% 27.13(s¢) %32 (mb)
is taken from[11].

The Reggeon contributiorRRP) is determined by

in which \(s) is parametrized as(s)=1.0+11.06s %2

2. Fragmentation region

The invariant cross section for the fragmentation region is dz_") _
compounded of three predominant contributions which are (dtd§ — R(&D X app(SE) (AL6)
determined within the triple Reggeon modB]. These con-
tributions correspond to Pomeron, pion and Reggeon exwith
changes and are referred to BEP, wxlP, RRP, respec- ,3
tively. OR o

The PPP contribution, which is dominant in the diffrac- Fr(€, t)_ ZbRtfl 2 (AL7)
tive region, is given by

and

d2
(_U> = f][‘_rer'( g;t)x O'Pp(sf), (A8) U\I%p(S§) :BO\Hg\H(Sf) € (A18)
dtdf rrp

) ) In this case, the trajectory is assumed todgt) =0.5+t
where f‘,),rgn(g,t) is the renormallzequmeron flux fa(_:tor while the constantﬂHE(ﬁSRgH) and by (determined from
proposed inf6] with the parameters defined [a9], thatis  gatg are 8,=2465.7 mb GeV? andby=0.1 GeV 2

T e €)= ll\l((g )) (A9) APPENDIX B: NUCLEAR DENSITIES
s
The nuclear densities applied in our calculation are simi-
with the Donnachie-Landshoff flux fact¢20] lar to those used if9]. In Eq. (6), the nuclear density used

014902-8



MULTIPLE SCATTERING EFFECTS IN PROTON . . PHYSICAL REVIEW C 60 014902

for light nuclei (6<A<18) is Co

1 .2 p(r)= 1+exd (r—ro)/bg]’ (B2)

- - _ - _r21a2
p(r)= 3253 1+6(A 4 a2 exp—rag),  (B1) wherec, is the normalization constant
0 0
with ag=[(rg—r3)"% (52— 4IA)1*2, ry=1.2A"3 fm, and 3 1
r,=0.8 fm. Co=, 3 2 (B3)
For heavier nuclei&A=18), p(r) is calculated according

to the Woods-Saxon formul®2], that is andby=0.4 fm.
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