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Diffractive dissociation in the interacting gluon model

F. O. Dures
Instituto de Fsica, Universidade de”®aPaulo, C.P. 66318, 05389-970 &®aulo, SP, Brazil

F. S. Navarrh
Instituto de Fsica, Universidade de ®aPaulo, C.P. 66318, 05389-970 G®aulo, SP, Brazil
and Soltan Institute for Nuclear Studies, Nuclear Theory Department, uk B8z Warsaw, Poland

G. Wilk*
Soltan Institute for Nuclear Studies, Nuclear Theory Department, ulai8z Warsaw, Poland
(Received 23 May 1996; revised manuscript received 22 October) 1996

We have extended the interacting gluon model to calculate diffractive mass spectra generated in hadronic
collisions. We show that it is possible to treat both diffractive and nondiffractive events on the same footing,
in terms of gluon-gluon collisions. A systematic analysis of available data is performed. The energy depen-
dence of diffractive mass spectra is addressed. They show a moderate narrowing at increasing energies.
Predictions for CERN LHC energies are presenf&®556-282(97)06703-9

PACS numbeis): 13.85.Qk, 11.55.Jy

[. INTRODUCTION namical aspects. This feature makes it very appropriate for
the study of energy flow in high energy hadronic and nuclear
In the last years, diffractive scattering processes have rgeactiond7—-9] and in cosmic ray studigd.0]. In particular,
ceived increasing attention for several reasons. These pras shown iff8,9], the IGM was very useful in analyzing data
cesses may, for example, explain many features of particland making predictions on the behavior of inelasticities and
production and, in particular, heavy flavor producti@hand leading particle spectra, including leading charm production
Centauro eventi2]. They are also related to the large rapid-[11]. The aim of the present work is to demonstrate that the
ity gap physics and the structure of the Pomef8h In a  main characteristics of the DD processes mentioned above
diffractive scattering, one of the incoming hadrons emergesmerge naturally from the standard IGM, enlarging pro-
from the collision only slightly deflected and there is a largefoundly its range of applications. In the following section we
rapidity gap between it and the other final state particlepresent for readers’ convenience the basic elements of the
resulted from the other excited hadron. In some models difiGM. It is then applied to DD processes in Sec. Il where we
fraction is due to the Pomeron exchange but the exact natuaso carefully explain what DD means in terms of the IGM
of the Pomeron in QCD is not elucidated yet. The first test ofand how it differs from the conventional Regge Pomeron
a theory(or a model of diffractive dissociationDD) is the  approach. Section IV contains our numerical results and
ability to properly describe the mas#l() distribution of comparison with data and the last section is devoted to our
diffractive systems, which has been measured in many exsonclusions.
perimentg4] and parametrized as\(3) ~* with a=1. Data
presented if4] were taken at the Fermilab Tevatron collider II. INTERACTING GLUON MODEL
(\s=1.8 TeV). They allow us to make comparison with
CERN [5] lower energies data and observe the energy de-
pendence of the mass spectrum. In the old Regge theory, the The interacting gluon model is based on the following
assumption of Pomeron dominance implies that the masglea[12]: since about half of a hadron momentum is carried
spectrum behaves like I\II/>2< and does not depend on the by gluons and since gluons interact more strongly than
energy[6] whereas ir{4] a slight deviation from this behav- quarks, during a collision there is a separation of constitu-
ior was reported. ents. Valence quarks tend to be fast forming leading particles
In this work we intend to study diffractive mass distribu- whereas gluons tend to be stopped in the central rapidity
tions using the interacting gluon mod¢GM) developed by region. This picture is consistent with string formation and
us recently{7—-9]. In particular, we are interested in the en- fragmentation as it is formulated in the Lund model or in the
ergy dependence of these distributions and their connectiotiual parton model. These models are based on the concept of
with inelasticity distributiong10,8]. One advantage of the string and were constructed to work at low average trans-
IGM is that it was designed in such a way that the energyverse momenta. When, in the late eighties, the energy of
momentum conservation is taken care of before all other dyhadronic collisions increased by more than one order of mag-
nitude it became necessary to incorporate the concept of par-
ton and of hard and semihard collisions. The latter are colli-

A. General ideas
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Js=540 GeV the minijet cross section is already 25% of the x.=1-x
total inelastic cross section. A new generation of models ap- P
peared using the concept of parton and the QCD parton
model formalism and trying to understand minimum-bias x
multiparticle physics extending the parton model to semihard

(moderatg energy scales. Among these models we mention /
those presented by Gaisser and Staie3}, Sjostrand 14|, é
Wang[15], and Geigef16]. The IGM belongs to this class §

of models. In all these models one finds at a certain point
expresssions of the type

1 1
[Can ], axfx.0906.09 000,609, @
Q Q“/xq

o =1-
wheref ando are parton momentum distribution and parton- @ =y

parton elementary cross section, respectiv@lis the scale. _
Apart from some ambiguity in choosing the scale, these p N
models have to face the problem that even at very high en-
ergies a significant part of a hadronic collision occurs at
scales lower than the semihard one. At this péiahdo are

not very well known. The attitude taken in HIJIN@5], in

the parton cascade modgl6], and also in the IGM is to %
extrapolate these quantities to lower scales. These extrapola- M = xys g

>M, = ys

tions can be continuously improved, especially in view of the

advance of our knowledge on nonperturbative effects. There

are, for example, models for distribution functions which 7

work at scales as low as 0.3 G&Y17]. As for o one can y

compute nonperturbative effects in the context of an operator

product expansiofl8]. In spite of these limitations these P

models have the advantage of dealing with partons and being

thus prepared to incorporate perturbative QCD in a natural

way. This is welcome since perturbative processes are ex-

pected to be increasingly 'mport.am at higher energles: C(.)m_ FIG. 1. IGM description of a proton-proton scatteririg} gen-

pared to the other models mentioned above, the IGM is sim- . . ) . > o=
- . eral case(b) with the formation of a diffractive system of invariant

pler because it is designed to study energy flow and make assM

no attempt to calculate cross sections or to follow hadroni- X

zation in great detail. This simplifies the calculations and

avoids time consuming numerical simulations. The most imaccompanying clouds of gluortehich represent also the sea

portant aspect of the IGM, shared with those models, is th@q pairs and therefore should be regarded as effective)ones

assumption of multiple parton-parton incoherent scattering (ii) In the course of a collision gluonic clouds interact

which is implicit in the Poissonian distribution of the number strongly and form a gluonicentral fireball (CF) located in

of parton-parton collisiongwhich is also used in Refs. the central region of the reaction.

[14,13,19) used below. In going to lower resolution scales (iii) The valence quark&lus those gluons which did not

this independent collision approximation becomes questioninterac} get excited and fornteading jets(LJ’s) (or beam

able. On the other hand, lattice QCD calculatipfg] in the  jets) which then populate mainly the fragmentation regions

strong coupling regime indicate that the typical correlationof the reaction.

length of the soft gluon fields is around 0.2 fm. This is still It should be stressed that the IGM has been formulated

smaller than the typical hadronic size. Therefore the indepemsriginally in order to give the initial conditions for hydrody-

dent collision approximation may still be a reasonable onenamical models by providing in a dynamical way the so-

From the practical point of view, it was shown fid] that calledinelasticity of the reaction understood usually as the

replacing the Poissonian distribution by a broader one doe@nvariany fraction of energy stored in the CF:

not affect the results significantly as long as some mass scale

is introduced to cut off the very low region. K=vx-y, (2

(b)

B. Formulation of the model with x and y being the fractions of the initial energy-

The IGM is based on the assumed dominance of hadronimomenta of the respective projectiles allocated to the CF.
collisions by gluonic interactiong12] and can be summa- This variable and, in particular, its energy dependence is of
rized as followd 7] [cf. Fig. 1(@)]. vital importance in cosmic ray studies as it is the necessary

(i) The two colliding hadrons are represented by valenceéngredient allowing to deduce any elementary information
guarks carrying their quantum numbeicharge$ plus the  from cosmic ray experimen{d.0].
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According to the IGM, pairs of gluons collide and form hadronic cross sections, respectively. These are basic formu-
“minifireballs” (MF’s). In collisions at higher scales a las of the IGM from which all its applications are derived
minifireball is the same as a pair of minijets or jets. In the[20-24.
study of energy flow the details of fragmentation and hadron
production are not important. Most of the MF’s will be in the
central region and we assume that they coalesce forming the
CF. The probability to form a fireball carrying momentum
fractionsx andy of two colliding hadrons is defined as the
sum over(an undefined number of) MF's [7]:

Ill. DIFFRACTIVE DISSOCIATION
IN THE IGM APPROACH

It is now quite straightforward to extend the IGM also to
diffractive dissociation processes. In Figblwe show sche-
matically the IGM picture of a diffractive dissociation event.

Unlike in Fig. 1(@ here only one of the protons loses a
X(xy)=2 5( x=2 nixi) 5( y-2 ”iyi) I1 P(n) fractionx of its original momentum and gets excited forming
i} ' ' il ?) a LJ carryingx, =1—x fraction of the initial momentum.

The other one, which we shall call here the diffracted proton,
(all masses and transverse momenta are neglected in wHases only a fractiory of its momentum but otherwise re-
follows). The distribution of the number of MF's is given by mains intac{25]. In the standard IGM presented in the pre-
P(n;) for which we use Poisson distributions: vious section we were computing the probabilitgx,y) of
depositing energy fractions andy in the central region in

_(n)"exp(—ny) the form of gluonic CF of mas# = /xys, which subse-
P(nj)= n;! (4) quently was decaying and producing particles. Here we shall

be rather interested in the mal§k,, a new variable in our
corresponding to independent production. Expressing thgroblem, which, as can be seen in Figb)l is just the in-
delta functions via Fourier integrals one can perform all sumvariant mass of a system composed of the CF and the leading
mations, transform certain summations omeinto integrals, j€t formed by one of the colliding protorisve shall call it
and make the replacemedi /dxdy=w(x,y) arriving at  also diffractive masg Denoting byE, and P, the energy
the general formul§7]: and momentum of the uppé¢in Fig. 1(b)] proton and by

W and P the energy and momentum of the CF,

Xo 1 2 2
X,y)= exp — X—{X S S S
X By P 2D, ) PL=EL=§(1—x>, = g(x—w, w- g(xw),
2 2 )
FXNY =YD = 2(xy)(X=(x)(y = (YN 11, -
the energyEx and momentunPy of the diffractive cluster
(5)  are given by
where S S
Duy=()(y?) = (xy)? (10)
and leading to the following expressions for the mass of our dif-
1 L fractive clusterMy, and its rapidityYy:
x“m=fdxx”fd o(X,y), 6
with xo being a normalization factor defined by the condition 1 Exy+Py 1 1
that Yyx==In = —In—, (12
2 Ex—Px 2y

1 1 2
x| “ayvoxp o0y -1 @
0 0

with K in=mo/ /s being the minimal inelasticity defined by

where /s is the invariant energy of thpp system. We are
working in the center-of-mas&.m, frame of the incoming
nucleons. All masses have been negle¢&4.

In the limit y— 1, the whole available energy is stored in

the massn, of the lightest possible CF. The, so-called, spec-M, which remains then at rest, i.&,=0. For small values

tral function w(x,y) contains all the dynamical input of the
IGM in the general form ofcf. [9])

B Tgg(XYS)

0(xY)= = 5T BBOCyY KRy, (8)

of y we have small massdd y located at large rapidities
Y. In order to regard our process as being truly of the DD
type we must assume that all gluons from the target proton
participating in the collisior(i.e., those emitted from the
lower vertex in Fig. 1b)] have to form a color singleOnly
then a large rapidity gap will form separating the diffracted

whereG’s denote the effective number of gluons from the proton (in the lower part of our Fig. land theMy system

corresponding projectilesapproximated by the respective
gluonic structure functionsand oy4 and o the gluonic and

(in its upper papt which is the experimental requirement
defining a diffractive event. Otherwise a color string would
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develop, connecting the diffracted proton and the diffractive

1 1
cluster, and would eventually decay, filling the rapidity gap H(M32,s)= Xo dxexp{ - 2—{(y2>(x—(x>)2
with produced secondaries. In this way we are effectively 27Dyt mm2 Dy
introducing an object resembling closelyut by no means M2
identical tg what is known as Pomero’] and therefore in _ _ X )
what follows we shall use this notion as a handy abbreviation 2(xy)(x <X>)< s v ” ’ (17

of notation[27—29. The probability of finding the “bunch”
of gluons (that forms the Pomergrmentioned above in a The moments(g"), q=x,y, andn=1,2 are given by Eq.

color singlet configuration is not computable at a more fun-13) anq are the only place where dynamical quantities like
damental level because the model is simple and does ngle g1 onic and hadronic cross sections appear in the IGM.

|nvolve_ .col_or quantum nqml_)ers e>.<pI|C|tIy. Howeve_r this At this point we emphasize that we are all the time dealing
probability is represented indirectly in the cross section beWith a proton-proton scattering. However, as was said above,
tween the gluonic bunch and the other proton, the paramet

di 4 below i Ve are in fact selecting a especial class of events and there-
o discusse eor\:v Ihn Eq;L'B).._ f1h , il fore we must choose the correct dynamical inputs in the
In our approach the definition of the objects essentially ,oqent situation, especially the gluon distribution inside the

only kinematical 30}, very much in the spirit of those used ¢4 cted proton and the hadronic cross sectoappearing
in all other works which deal with diffractive processes ini w. As a first approximation we shall take

the parton and/or string languafi@l—34. We shall there- GP(V)=GP(V)=G of 28 with  G(x)=n(m
fore try to derive the whol&% dependence directly from the +1())E)(1—Y)(¥3y] v(v)llt)h m(='5 tLe ]s)eme aIready( u)seg(by us

IGM. Our first step necessary to adapt the standard IGM t@efore[9]. The amount of the diffracted nucleon momentum,

DD eollieions will be the introduction of a kinematica_ll re- 1. allocated specifically to the gluonic cluster and the had-
striction in the formula for the moments E() preventing  (qnic ¢ross sectiow are both unknown. However, they al-

qupns coming from the diffracted protgqand forming our _ways appear as a ratip{c) of parameters inw and differ-
objectl’) from carrying more energy than the one released inyp chojces are possible. Just in order to make contact with

the diffractive system. Therefore we shall write it as the present knowledge about the Pomeron, we shall choose

— 1 @ Ymax S
(x"y >_f0 dx fo dyy"w(x,y), (13 g(s)zapp=a+blns—o, (18)

wherey .= M5/s and the meaning of the spectral function wheres,=1 GeV? anda andb are parameters to be fixed
w(x,y) remains the same as before. We can now calculatfom data analysis. As it will be seea(s) turns out to be a
the diffractive mass distributioMy using thex(x,y) func-  very slowly varying function of/s assuming values between
tion by simply performing a change of variablesf. Eq. 2.6 and 3.0 mb, which is a well accepted value for the
1D]: Pomeron-proton cross section, ape0.05.

Before performing a full numerical calculation let us es-

dN 1 1 ) ) timate Eqgs.(15) and (17) keeping only the most singular
a2~ J, dXJO dyx(x,y) 8(Mx—sy)O (xy—Kin) parts of the gluonic distributions uséie., G(x)=1/x] and
X collecting all other factors in E(8) in a single parameter
111 M2 c. Let us first assume that the ratio of the cross sections
:EfmZ/MZ X(x,?). (149  o(xy9)/o(s) does not depend or andy. Neglecting all
0" X

terms of the order oim3/s and m3/M% we arrive at the
following expressions for the moments calculated in Eq.
In the IGM [7,9] the distributiony(x,y) is a wide Gaussian (13):

in the variablesx andy changing slowly with the energy

Js. Substituting now Eq(5) into Eq. (14) we arrive at the M2
following simple expression for the diffractive mass distri- <X)=2(x2>:cln—§; (19
bution: Mo
1 s M2 M2
=-F(MZ,5)H(M2 1 =2 —(yA)=c—In—y
where

M2 m2 M3
X 0 x)_ 21)

<X'y>2°<?‘?'”mg

2 0] oa

20,1 s Y

F(M2 ,s)=exp{ -

Notice that in all cases of interest- y) is much smaller than
other momentgby a factor In{A2/mg), at leas}. It means that
and D,,=(x?)(y?) and consequently
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FIG. 2. (a) Diffractive mass spectrum fgop collisions calcu-
lated with the IGM[Eg. (14)] and compared with CERN-ISR data
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FIG. 3. Diffractive mass spectrum farp collisions calculated
with the IGM [Eq. (14)] and compared with CERN Super Proton
Synchrotron(SPS Collider data[5].

leading to
dN 1 5 5
=—H(Mg,s)F(M%,s
aMZ s ( JF(M%,s)
MZ\ 2

1-cin—

const 1 o
— ex

M% M2 M

cin— cln—

o 0

(24)

The expression above is governed by thel i/term. The
other two terms have a weaker dependenceVgn They
distort the main (JMIf() curve in opposite directions and tend
to compensate each other. It is therefore very interesting to
note that even before choosing a very detailed form for the
gluon distributions and hadronic cross sections we obtain
analytically the typical shape of a diffractive spectrum.

IV. COMPARISON WITH EXPERIMENTAL DATA

In Fig. 2@ we show our diffractive mass spectrum and
compare it to experimental data from the CERN Intersecting
Storage Ring$ISR) [35], which are usually parametrized by
the form 1M)2(. These spectra were calculated with expres-
sion (15) with the same gluon distributions, cross sections,
and the mass parametep (my=350 MeV) used in previous
works[7-9]. As it can be seen, the agreement between our
curves and data is reasonable. At large valueMfs, ex-
perimental points start to flatten out, deviating from the
1/M2 behavior. This may be due to the contribution of non-
diffractive events. We expect therefore some discrepancy be-
tween theory and experiment in this region. At very low
values ofM%/s and lower energies/s our model does not
give a good description of data. Here again some discrep-
ancy should be expected because we are neglecting all reso-
nance effects. In principle a better agreement between theory
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FIG. 4. Diffractive mass spectrum fqrp collisions calculated
with the IGM[Eg. (14)] and compared with Fermilab Tevatron data )
[4]. dogy
dtdM’?

and data could be achieved in this region. It would be (mbGeV™)
enough to choosm,=550 MeV keeping everything else as
before. The result is shown in Fig(l8. A discrepancy per-
sists at very low masses at the lowest center-of-mass energy
\/s. However, this region is almost beyond the validity do-

001 |

K'+p—>p+X

main of the model. Instead of changimg, (which would * EHS /NA22 Coll.
also require a change in our previous workee prefer to " .
keep its usual value. Given the qualitative nature of the 10 100
present work, we choose to be consistent with our previous (b) M} (GeV?)
works in prejudice of the quality of the fits.

Figures 3 and 4 show similar comparisons fs=546 FIG. 5. (a) Diffractive mass spectrum fqo+ 7+ — p+X colli-

and 1800 GeV, respectively. Data are from Rgf§.and[4].  sions calculated with the IGVEQ. (14)] and compared with experi-
Again we find reasonable agreement with experiment. In thenental datd438]. (b) The same aa) for p+K™—p+ X collisions.
low M2/s region at higher/s the agreement is very good.

All the curves above were obtained wit=2.6 mb and (kaons. As it can be seen, a good description of data is
b=0.01 mb. obtained.

As a straightforward extension of our calculation we now L€t us consider now the energy dependence of our results.
apply expressiorl5) to the study of diffractive pion-proton The (;olhder_ Detector at FermilalcDF) Collaboration stud-
and kaon-proton scattering. We first consider the casel€d single diffractive events and found some energy depen-
p+ 7—p+X andp+K— p+ X. This corresponds to replace dence; in the diffractive mass spectrum. This fact is illustrated
the proton by a pion or a kaon in the upper line of Figp)1 Py writing
everything else remaining the same. We must also substitute
the gluon distributions in the protor(x), by the corre- > ~7sb.
sponding gluon distributions in the pion and kaon, taken osp dML  (MPLTe’
from [36]. Here, for simplicity, we tak& ™(x) = GK(x). This
is supported by an ACCMOR Collaboration data analysigvhere the factor e has been reported to bg39]
[37]. We also assume that?P=oP™ = oPK. The compari- €=0.121+0.011 at\/'s=546 GeV ande=0.103+0.017 at
son between our results and data from the EHS/NA22 Col~/s=1800 GeV, respectively. Considering the error bars one
laboration[38] is shown in Figs. &) (pions and 8b) (ka- might say that this value is just constaf&nd that there
ons. We may also have diffracted mesons, which undergavould be no indication of energy dependendeut a real
reactions of the typer+p— 7+ X andK+p—K+X. This  (albeit small ongchange ine is not excluded. Therefore, if
corresponds to replace the proton by a pion or a kaon in theonfirmed, it would mean that the distribution becomes
lower line of Fig. Xb), substituting also the corresponding slightly broader.
gluon distributions. The comparison between our results and In the IGM everything is from the beginning energy de-
experimental datf38] is shown in Fig. 6a) (pions and &b) pendent and so should be the diffractive mass distribution.

S da—SD 1 (25)
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FIG. 6. (a) Diffractive mass spectrum for* +p— =" + X col- (b) M (GeV7)
lisions calculated with the IGMEQ. (14)] and compared with ex-
perimental dat@38]. (b) The same ag) for K* +p—K*+X col- FIG. 7. (a) Energy dependence of the functiGi{fM2,s) (16).
lisions. (b) Energy dependence of the functibhM2,s) (17) calculated
with the IGM.

We start analyzing the analytical approximation equations
(19), (22) and(23). In Eq. (23) we see that the dependence 5 4t 5=0.54 TeV (solid liney, 0.9 TeV (dashed lines

factori_zes and the functidH(I_\/If() has the same '_shape fF’r all and 1.8 TeV(dotted line$. Finally Fig. 8c) shows our pre-
energies, Ll d|ffe_rence pelng on_ly a mqlﬂplymg factor diction for the diffractive mass spectrum at the CERN Large
numerical calculations this behavior is slightly violateth Hadron Collider (LHC) (yS5=14 Te\) compared to the
Eq.(22) thes dependgnce doeg not factqrize and Zremains ir]I'evrcltron one. The spectra in FiggaBand 8b) are the same
tbhrgargc}m?cr:itgno\r/;/ithlri"ln\;ili(rar?lz% \'/glt:ee g;g?ﬂﬁ]z(deX) tlr?eamo-Of Figs. 2, 3, and 4. It is interesting to note that the behaviour
ment(y) which increases with the energy makiﬁgg “ro- that we find is not in contradiction with data. In all curves we
tate” in a way that it becomes higher z;\t lower values Ofobserve a modest narrowing as the energy increases. This
M2 and becomes deeper at larger valuesVgf. When we small effect.means that .the diffractive mass becomes a
multiply H (which goes essentially like 2) by F it be- smaller fraction of the available energjs. In other words,
comes steeper. This behavior Bf and H ig illustrated in the “diffractive inelasticity” decreases with energy and con-

| sequently the “diffracted leading particles” follow a harder

Figs. 1a) and qb), respectively, which show the numerica ; X :
evaluation of Eqs(16) and(17). The result of the numerical Xr SPectrum. Physically, in the context of the IGM, this
evaluation of Eq(15) is presented in Fig. 8. There we show means that the deposited energy is increasing whttbut it

the energy dependence of our diffractive mass spectra iWill be mostly released outside the phase space region that
proton-proton scattering. Figurée® shows diffractive mass Wwe are selecting. A measure of the “diffractive inelasticity”
spectra for\s=23.5 GeV (solid line9, 44.6 GeV(dashed is the quantity= M)Z(/s. Making a trivial change of variables
lines), and 62.4 Ge\M(dotted lineg. Figure &b) shows spec- in Eg. (15 we can calculate its average val(®:
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where énin (=1.5/5) and &2« (=0.1) are the same used in

émax AN
@9- [ degze

(26)

[39] for the purpose of comparison. In Fig. 9 we plat)
againstys. As it can be seeti¢) decreases with/s not only
becauseé,,, becomes smaller but also becauddl/dé¢

changes with the energy, falling faster. This qualitative be- « g >
havior of (¢) is in agreement with the estimate of the same

guantity extracted from cosmic ray data analy€i6]. Also

shown in Fig. 9 is the quantityé®) (which has been dis-
cussed i 39] in connection with the energy dependence of

the single diffractive cross sectiprfor £=0.08 (dashed
lines ande=0.112(dotted lines.

The energy behavior ofiN/d Mi is determined by the
moments(13) and(8). Sinceoyy(s) andG(x) are the same
as in previous works, being thus fixed, the only source of
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uncertainty in thes dependence of the results is in the ratio

p/o, which is the only free parameter in the model. All

curves presented above were obtained with the chdigg

made foro and with p=0.05. We have checked that for a

FIG. 9. Energy dependence of the “diffractive inelasticity”

stronger growth ofoPP with /s the energy behavior of (&) and of(£°).

100 1000 10000

Vs (GeV)

2715




2716 F. 0. DURAES, F. S. NAVARRA, AND G. WILK 55

dN/d M)Z( might become even the opposite of the one foundeters kept as in previous applications of IGMturns out to
here, i.e., the diffractive mass distribution would becomebe also able to provide a reasonable description of diffractive
broader at higher energies. However, these stronglgvents41] and their energy dependence. We predict that, at
s-dependent parametrizations do not give an acceptable daigher energies, a narrowing of tha)z( distribution may be
scription of the existing data and were therefore excludedgpserved.

Considering what was said above one might think that we (ji) As is obvious from Fig. (b), it provides a detailed
can discriminate between different Pomeron-proton crosgescription of the diffractive clustéof massM ), disentan-
sections and we could use this model to ext@Ct~ from gling it in a natural way into gluonic cluster of madd
data. We stress however that, in this mOdel, Only the rati%ontaining the majority of produced seconda'('mich cor-
p/o enters effectively in the calculations and it is impossibleresponds to CF in the original IGMand leading jetinside

to completely disentangle these two variables. In this sensgqe diffractive systemnwith momentum fractiorx, carrying

the almost constancwith \'s) of o”P may be just an indi-  quantum numbers of the diffractively excited projectile. This
cation of some increase fwith \/s in a way that the ratio  fact may be very useful for the cosmic ray applications of the

p/o “scales ” with the energy. IGM, in particular to studies using DD like those presented
in [2,42] (where such disentanglement seems to be important
V. CONCLUSIONS and so far was introduced in @u hocway only).

To conclude, we have shown the following.

(i) The original IGM[7-9] is reasonably successful in
describing nondiffractive events. With only two natural
changes, namely the introduction of the kinematical cutoff This work has been supported by FAPESP, CNBEa-
Ymax=M?2/s and the multiplication of the functiom by a  zil), and KBN (Poland. F.S.N. is deeply indebted to his
constant factor reflecting the essentially unknown combinaPolish collegaues from SINS, Warsaw, for the hospitality
tion of P-proton cross section and the amount of gluonic extended to him during his stay there. We would like to
energy-momentum of the diffractive proton allocated to thewarmly thank R. Covolan and Y. Hama for many fruitful
objectP, p (in form of the ratiop/ o), (with all other param-  discussions.
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