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Extracting the Pomeron-Pomeron cross section from diffractive mass spectra
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We calculate the mass distributioml¢/dMy) as observed by the UA8 Collaboration in the inclusive
reactionpﬁﬁpxaat Js=630 GeV, using the interacting gluon mod&sM) with double Pomeron exchange
(DPE) included. The only new parameter is theP cross section, which we can extract from fitting experi-
mental data. We compare our results with the values obtained in the UA8 study. Assuming a constant Pomeron-
Pomeron total cross sectionr =1 mb), we make predictions fato/dMy at Fermilab Tevatron and CERN
LHC energies.
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[. INTRODUCTION Although the analysis performed [d] is standard, it is
nevertheless useful to confront it with other, also successful,
After ten years of work at the DES¥p collider HERA,  descriptions of the diffractive interaction. One of them is the
an impressive amount of knowledge about the Pomeron hasne provided by the interacting gluon modkbM) [7]. This
been accumulated, especially about its partonic compositiomodel describes only certain aspects of hadronic collisions,
and parton distribution functions. Less known are its interactelated to energy flow and energy deposition in the central
tion properties. Whereas the Pomeron-nucleon cross sectigapidity region. It should not be regarded as an alternative to
has been often discussed in the literature, the recently puls field-theoretical approach to diffractive amplitudes, but
lished data by the UA8 Collaboratidi] have shed some rather as an extension of the naive parton model. The reason
light on the Pomeron-Pomeron interaction[1f the double  for using it here is that it may be good enough to account for
Pomeron exchangéDPE) cross section was written as the energy flow in an economic way. The deeper or more subtle
product of two flux factors with thé>-P cross sectiorrpp,  aspects of the underlying field theory probalfiliis is our
being thus directly proportional to this quantity. This simple belief) do not manifest themselves in energy flow, but rather
formula relies on the validity of the triple-Regge model, onin other quantities like the total cross section. In spite of its
the universality of the Pomeron flux factor and on the exis-simplicity, this model can teach us a few things and predict
tence of a factorization formula for DPE processes. How-another few. This is encouraging because in the near future
ever, for these processes the factorization hypothesis has noew data about DPE from the Collider Detector at Fermilab
been proven and is still a matter of debf®e-5]. In [6] it  (CDF) will be available[8]. In this work we would like to
was shown that factorizing and nonfactorizing DPE modelsaddress the UA8 data with the IGM. As it will be seen,
may be experimentally distinguished in the case of dijet proaccording to our analysis the low mass behavior of the
duction. spectra can be explained with a const&naP cross section.
Fitting the measured mass spectra allowed for the deter-
mination of opp and its dependence dviy, the mass of the Il THE IGM
diffractive system. The first observation of the UA8 analysis
was that the measured diffractive madd) spectra show The IGM has been described at length, especiall7in
an excess at low values that can hardly be explained with and more recently ihll]. In the past we have successfully
constant(i.e., independent d1y) opp. Even after introduc- modified the IGM in such way as to include in it hadronic
ing some mass dependencedy they were not able to fit single diffractive dissociation processgs-12] and applied
the spectra in a satisfactory way. Their conclusion was thait to hadronic collisions and HERA-photoproduction data
the low My excess may have some physical origin such as(Mi distributions and leading particles spectrappfs, K
for example, glueball formation. andJ/ ).
The main idea of the model is that nucleon-nucleon col-
lisions at high energies can be treated as an incoherent sum

*Email address: fduraes@if.usp.br of multiple gluon-gluon collisions, the valence quarks play-
"Email address: navarra@if.usp.br ing a secondary role in particle production. While this idea is
*Email address: wilk@fuw.edu.pl well accepted for large momentum transfer between the col-

0556-2821/2003/67)/0740029)/$20.00 67 074002-1 ©2003 The American Physical Society



DURAES, NAVARRA, AND WILK PHYSICAL REVIEW D 67, 074002 (2003

liding partons, being the basis of some models of minijet and
jet production(for example,HIJING [13]), in the IGM its
validity is extended down to low momentum transfers, only r g ’
slightly larger thanAocp. At first sight this is not justified

because at lower scales there are no independent gluons, but
rather a highly correlated configuration of color fields. There Js
are, however, some indications coming from lattice QCD
calculations, that these soft gluon modes are not so strongly
correlated. One of them is the result obtaineflli4], namely y

that the typical correlation length of the soft gluon fields is P P x=1-y
close to 0.3 fm. Since this length is still much smaller than
the typical hadron size, the gluon fields can, in a first ap-
proximation, be treated as uncorrelated. Another independent FIG. 1. IGM picture for a double Pomeron exchange process.
result concerns the determination of the typical instanton size

in the QCD vaccum, which turns out to be of the order of 0.3factorizing_|ike formula Eq(6) of our paper isan assump_
fm [15]. As it is well known(and has been recently applied tion of the model In fact, the relevant scale there is?
to high energy nucleon—nugleon and nucleus-_nucleus coIIi-zAzCD and, strictly speaking, there are no rigorously de-
siong instantons are very important as mediators of softfined parton distributions, neither elementary cross sections.
gluon interactiong16]. The small size of the active instan- However, using Eq(6) has nontrivial consequences which
tons leads to short distance interactions between soft gluongere in the past years supported by an extensive comparison
which can be treated as independent. with experimental data.

These two results taken together suggest that a collision
between the two gluon cloudéurrounding the valence
quarks may be viewed as a sum of independent binary lll. DOUBLE POMERON EXCHANGE

gluon-gluon collisions, which is the basic idea of our model. Double Pomeron exchange processes, in spite of their
DeveI(_)plng the picture above with stand_ard techniques amgmall Cross sections, appear to be an excellent testing ground
enforcing energy-momentum  conservation, the IGM Dbexq, the |GM because they are inclusive measurements and do
comes the ideal tool to study energy flow in high energynot involve particle identification, dealing only with energy
hadronic collisions, in particular leading particle productionggw, |n what follows, we briefly mention our main formulas.
and energy deposition. Confronting this simple model withpor further discussion we refer to the worflés-11].
several and different data sets we obtained surprisingly good
agreement with experiment.

As indicated in the recent literatuf@—6], one of the A. Kinematics
crucial issues_in Qiﬁractive phy_sics is the possible break- | Fig. 1 we show schematically the IGM picture of a
down of factorization. As stated i8] one may have Regge gouble Pomeron exchange event in a proton-antiproton col-
and hard factorization. Our model does not rely on any ofjsion. The interaction follows then the usual IGN] pic-
them. In the language used [i8], we need and use a “dif- {re, namely: the valence quarks fly through essentially un-
fractive parton d|str|but|on”_an(_j we do not really nee_d to talk gisturbed whereas the gluonic clouds of both projectiles
about “flux factor” or “distribution of partons in the jnteract strongly with each othéby gluonic clouds we un-

Pomeron.” Therefore there is no Regge factorization im-gerstand a sort of “effective gluons” which include also their
plied. However, we will do this connection in E¢L3), in {J —

A\ 4
Iy

M = xys

\ 4
\ 4

. , .__fluctuations seen agq sea pairs The proton(antiproton
order to make contact with the Pomeron PDF's parametrize bses fractionx(y) of its original momentum and gets ex-
by the H1 and ZEUS Collaborations. As for hard factoriza- . L Al
o . : cited forming what we call a leading jet carrying,=1
tion, it is valid as long as the scaleis large. In the IGM, as o fracti f the initial
it will be seen, the scale is given hy?=xys, a number _X(Xp_l._y) raction of the initial momentum. )
which sometim’es is larger than-3% Ge\? but sometimes is According to the IGM[11], the probability to form fire-

. 9 . ball carrying momentum fractions andy of two colliding
smaller, going down to values only slightly abov%CD.

hadrons(see Fig. 1is given b
When the scale is largeuf> p%mim) we employ Eq(7) and < 9-lisg y
when it is smaller f3< u?< p%mim) we use Eq(6). There- _ Xo 1 ) )
fore, in part of the phase space we are inside the validity x(xy)= ZWW/DXyex 2D,y [y (x=60)
domain of hard factorization, but very often we are outside
this domain. From the practical point of view, E{), being 2 2
defined at a semihard scale, relies on hard factorization for A== 2xy) (= Oy =YDy
the elementaryg— gg interaction, uses parton distribution
function extracted from deep inelastic scatter{iiyS) and

an elementary cross sectiérgJg taken from standard pertur-
bative QCD (PQCD calculations. The validity of the where

1)
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ny=(x2)<y2)—(xy)2, mation. We therefore calculate in the Appendix, with the
same approximations, the analytical expression for the DPE
mass spectrum, which turns out to be

Xmax Ymax
<X“y"‘>=f0 dX’X’“fo dy'y" M (x",y"),

2
s M2
@ In| — 2/ 1—c'In| —

. . o . .. dN xo 1 M2 m3
with y, being a normalization factor defined by the condition ~_DPE_ A0 = X _ 0
that dMZ  @c’ M%Z [ M% MZ

In| — c'Inl —
1 1 ) Mo Mo
fo dxjo dyx(x,y) 0(xy—Kfin) =1 ()

Both expression$4) and (5) are dominated by the M’i
ctor. This guarantees a pronounced fall with increasing dif-
fractive masses, which is confirmed by the numerical calcu-
lations (which have no approximatigrpresented below.

with Kminzmol\/E being the minimal inelasticity defined by fa
the masan, of the lightest possible central gluonic cluster.
As it can be seen from Ed1), the probability that the
incoming hadrons release an energy @fys is a two-
dimensional Gaussian function af and y with maximum
governed by the momeni) and(y) [particular cases of B. Dynamics

Eq. (2)], which, in turn, depend on the integration limits,x The spectral functionp(x’,y’), contains all the dynami-

and ymax. By reducing these maximal values we selectca| input of the IGM. Their soft and semihard components
events in which the energy released by the proton and by thgre given by(cf. [17])

antiproton is smalli.e., My is smal) and at the same time

two rapidity gaps will be formed. This is how we define our (}Sg(x'y's) )
“kinematical Pomeron:” a set of gluons belonging to the @3(x',y’)= o(5) G(X")G(y") 0(X"y" =Kqin)s
proton (or antiproton carrying altogether a small fraction of 6)

the parent hadron momentum. The functiofx’,y") will be

discussed below. In the formulation of the IG .= Ymax .

=1 if only nondiffractive processes are present. In the , = | Ty(X'y'S) , , o
model, diffraction(double Pomeron exchangmeans reduc- @ (XY ):W G(XNG(Y') 6| x'y'——
iING Yimax (Xmax @NdYmay - Although this procedure is some- @
what arbitrary and we could choose any small number for the

integration limits, this freedom of choice is dramatically re- \ynere G's denote the effective number of gluons from the

duced if we use single diffractive everi8PE as a guide. I ¢orresponding projectilegapproximated by the respective
[9] we have shown that the choice leading to the best de-

; ; ~S ~H

scrption of dfface mass Speca -y, Actualy.  Surrlc STICUIE IECION s and T o e ot
using this cut in Eq(2) and some simple approximations 9 o L _

(described ir[9] and also in the Appendjxwe could obtain ~ Verse momentum for minijet production and= opp denotes

the analytical formula for the single diffractive mass spec-the Pomeron-Pomeron cross section.
trum: In order to be more precise, the functi@(x’)[G(y')]

represents the momentum distribution of the gluons belong-
1 ing to the proton(antiprotor) subset called Pomeron and
TP x' (y') is the momentum fractionf the proton(antiproton
carried by one of these gluons. We shall therefore use the
notation G(x')=Gp(x"). This function should not be con-
fused with the momentum distribution of the gluons inside
M)Z( the Pomeronf y(8).
mg
M
mg

dNSPE: Xo i
dMZ 7o M

Mx

2
Mg

2

The Pomeron for us is just a collection of gluons which
4) belong to the diffracted prototantiproton. In our previous
works we have assumed that these gluons behave like all
other ordinary gluons in the proton and have therefore the
same momentum distribution. The only difference is the mo-
mentum sum rule, which for the gluons his

{1—cln
X ex

clin

wherec is a constantdiscussed belowThis spectrum shape
is in very good agreement with a wide body of data. Based 1
on our previous success we shall assume here that in double f dx'x'Gp(x")=pyq 8
Pomeron exchange we haxg,,=X andyax=Y and con- 0
sequentlyXmay Ymax=Xy=M?2/s.

In [8] it has been conjectured that the ratio of two-gap towherepy=0.05 (see[9,12)) instead ofp= 0.5, which holds
one-gap rates could be used to test QCD aspects of gap fdier the entire gluon population in the proton.
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FIG. 2. IGM DPE diffractive mass distributions: Solid and dashed lines show the numerical resulés;wébual to 0.5 mb and 1.0 mb,
respectively. Our curves were normalized to the “AN) and “OR” (b) data samples dfi].

In order to make contact with the analysis performed bylater, also with the help of E¢8). Noticing thatg=x/x; the
HERA experimental groups we consider two possible modistribution G,(y) needed in Eqs(6) and (7) is then given
mentum distributions for the gluons insidie A hard one, by the convolution

for(B)=an (1-B) ©) 1
g/v h ' dxp y
Grl]fsg(y):f . fl‘/p(xl’)fgﬁ’g(;)- (13
and a “super-hardfas it is called if5]) or “leading gluon” v !
(as it is called in18]) one, , , o
We shall use also the “diffractive gluon distribution”

f;?P(B):ash,B7(l—,8)0'3, (10) given by

where g8 is the momentum fraction of the Pomeron carried Guy)=a (1-y)° (14)

by the gluons and the superscriptsind sh denote hard and

superhard, respectively. The constaats and ag, will be

fixed by the sum rulg8). In the past[10], following the  wherea is fixed by the sum rule. With Eq14) we could
same formalism, we have also considered a soft gluon distriobtain a very good description of diffractive mass spectra

bution for the Pomeron of the type [9,10]. Therefore we shall keep using it here.
s We are implicitly assuming that all gluons fromand p
s (,8)=6(1_ﬁ) (11) participating in the collisiori.e., those emitted from the up-
P B per and lower vertex in Fig.)lhave to form a color singlet.

Only then two large rapidity gaps will form separating the
but we found that this “soft Pomeron” distribution was in- diffracted proton, theviy system and the diffracted antipro-
compatible with the single diffractive mass spectra measuretbn, which is the experimental requirement defining a DPE
at HERA[19]. This Pomeron profile was also ruled out by event.
other types of observables, as concluded in RigZ8] and We can now calculate the diffractive mass distributidg
[21]. using they(x,y) function by simply performing a change of

We shall use the Donnachie-Landshoff Pomeron flux facvariables:
tor, which, after the integration in thevariable, is approxi-

mately given by[5] 1 do 1 1 )
pe =f dXJ dyx(x,y) [ Mx— vxys]6(xys—mg)
1 odMyx Jo " Jo
Frrp(xp) =Cx *T=C-— (12)
! 2 My [t 1 AT
, . . = f dx—x| X,y=—=|0(Mx—mp).
wherex; is the fraction of the proton momentum carried by S Mis X XS
the Pomeron and the normalization constanwill be fixed (15
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A T T T T 0.05(solid line) and 0.1(dashed ling The three curves have
the same normalization and we observe thap gisicreases,

our mass spectrum becomes softer. It is interesting to remark
that, in the actual calculations, the paramgigrappears al-
ways divided byopp in the computation of the momen(t®).

In fact, they form one single parameter. Assuming that the
Pomeron profile is universal, we could disentangle one from
the other, fittingpy from the analysis of previous daft@,10]

and now extractingrpp from the UA8 data.

We next replace Eq.14) by the convolution(13) to see
which of the previously considered Pomeron profiles, hard or
superhard, gives the best fit of the UA8 data. In doing so, we
0 2% 2 shall keep everything else the same, g+ 0.05 andopp

=0.5 mb. In Fig. 4a we compute E(L.3) and showy Gp(y)

FIG. 3. IGM DPE diffractive mass distributions, in arbitrary fOr Ed. (14) (solid line), the hard distribution9) (dashed
units, with pg=0.025 (dash-dotted ling 0.05 (solid ling) and 0.1  line) and the superhar@.0) (dash-dotted line For the sake

0.1
1 dop,

Cppp AMy

0.01

0.001

5 10

15
M (Gev)

(dashed ling In all casesopp=0.5 mb. of comparison, Fig. 4b shows the corresponding diffractive
mass spectra normalized to the unity with same notation. We
IV. NUMERICAL RESULTS AND DISCUSSION see that, for harder Pomeron profiles, we “dig a hole” in the
low mass region of the spectrum.
We start evaluating Eq(15 with the inputs that were In Fig. 5, we repeat the fitting procedure used in Fig. 2 for

already fixed by other applications of the IGI®,10, the Pomeron profiles shown in Fig. 4. We fpg=0.05,

namely, Eq.(14) with p4=0.05. In Fig. 2 we show the nu- ¢};=0.5 mb. Solid, dashed and dash-dotted lines represent

merical results for DPE mass distribution. We have fixed thaespectively Eq(14), hard and superhard Pomerons. Note

parameteir(=opp) appearing in Eq(6) and Eq.(7), to 0.5  that the solid lines are the same as in Fig. 2. Looking at the

mb (solid lineg and 1.0 mh(dashed lines In both cases our figure, at first sight, we might be tempted to say that @d)

curves were normalized to the “AND{Fig. 23 and “OR”  gives the best agreement with data and a somewhat worse

(Fig. 2b data samples of1l]. We emphasize that, in this description can be obtained with the hard Pomefon

approach, since we have fixed all parameters using previoutashed lines the superhard being discarded. However, com-

data on leading particle formation and single diffractive mas$aring the dashed lines in Fig. 2 and Fig. 5 and observing

spectra, there are no free parameters here, except that they practically coincide with each other, we conclude
As one can see from the figures, in our model we obtairthat the same curve can be obtained either with(E4). and

the fast increase of spectra in the low mass region without = 1.0 mb (dashed line in Fig. Ror with Egs.(13), (9)

the use of aM x dependent’-PP cross section and this quan- and opp=0.5 mb(dashed line in Fig. b In other words we

tity seems to be approximately,,=0.5 mb. This is the can trade the' hardness of the Pomeron with its interaction

main message of this paper. cross section. The following two objects give an equally good
In order to investigate the sensitivity of E(L5) to the  description of data(i) a Pomeron composed by more and

value ofpy, we show in Fig. 3 with arbitrary units, diffrac- softer gluons and with a larger cross section afid a

tive mass spectra obtained wiph=0.025(dash-dotted ling ~ Pomeron made by fewer, harder gluons with a smaller inter-

07

r—
b)
06 .
05 i
04 i
1 do
DPE
¥ Gp(¥) T
O prg X 03 |
02 i
0.1 .
0.0 e
' 1 i 1 1
0 5 10 15 20 25 30

FIG. 4. (a) Diffractive gluon distributions: solid line was calculated with Efj4), dashed and dash-dotted lines, calculated by(ES),
represent the “hard” and “super-hard” Pomeron profiles, given respectively by Bjsand (10); (b) diffractive mass distributions,
normalized to the unity, for the same cases showe@)inin all casegpy=0.05 andopp=0.5 mb.
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FIG. 5. IGM DPE diffractive mass distributions: Solid, dashed and dash-dotted lines follow the same notation of Fig. 4. Our curves were

30

obtained withpy=0.05 andopp=0.5 mb and normalized to the data sample$ldf

action cross sectianVe have checked that this reasoning canEg. (14)] with predictions made by Branét al.[1] for two
be extended to the superhard Pomeron. Although, apparenthalues of effective Pomeron intercepis(0)=1+¢], &

disfavored by Fig. §dash-dotted lings it might still fit the
data provided thatr;p<0.25 mb. Given the uncertainties

in

=0.0 and 0.035.
Although the normalization of our curves is arbitrary, the

the data and the limitations of the model, we will not try for comparison of the shapes reveals a striking difference be-
the moment to refine this analysis. It seems possible to deween the two predictions. Whereas the poitftem [1])

scribe data in a number of different ways. We conclude theshow spectra broadening with the c.m.s. energy, we predict
that nothing exotic has been observed and also that thgolid lineg the opposite behavior: as the energy increases

Pomeron-Pomeron cross section is bounded to dhe
<1.0 mb.

In Fig. 6a we compare our predictions

for

da/dMy(mb/GeV) at Tevatron{s=2 TeV) and in Fig. 6b

for the CERN Large Hadron CollidgtHC) (\/s= 14 TeV)
assuming anMy-independent opp=1.0 mb [and using

we observe @modest narrowing forde/dMy. This small
effect means that the diffractive mass becomes a smaller
fraction of the available energys. In other words, the “dif-
fractive inelasticity” decreases with energy and consequently
the “diffracted leading particles” follow a hardetz spec-
trum. Physically, in the context of the IGM, this means that

T T T T T Ty yrrrrT T rr o [t
1F a)‘ 1:_ b)_
10" E
i 10" E
102 i E
3 3
do pex i
dMy o3 1 10?%f 3
(mb/ GeV) F F ]
10'4? X " |
Vs = 2TeV ¥ ] 05 =14TeV ~ f 3
10°F 1 g = 00 "3 f +£ =00
F x & = 0035 X L x & = 0035
10-6 Pull PP T E SR SR T N RN E S | 104 SO S TOUr O WU UL ONT SEIS WONY TN TR IO TR SO0 NN T NS S S S 1
0 50 100 150 200 0 50 100 150 200
M, (Gev) M, (GeV)

FIG. 6. IGM predictions fodo/dMy at Tevatron and at LHC witlr;,=1.0 mb. Cross {) and cross K) are predictions made by
Brandtet al. [1] for two values of effective Pomeron intercepi0)=1+¢.
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' ' ' ' ' This quantity involves only distributions previously normal-
ized to unity and does not directly compare the cross sections
(which are numerically very different for DPE and single
diffraction). In R the dominant M2 factors cancel, as sug-
gested by the comparison between Ed$.and(5), and we

1 dopy can better analyze the details of the distributions which may

Opes My contain interesting dynamical information. The most promi-
1 dogy nent feature of Fig. 7 is the rise of the ratio withy , almost

Ospr dMy by one order of magnitude in the mass range considered.

This can be qualitatively attributed to the fact that, in single
diffractive events the objecX has larger rapidities than the

sol > Js = 0.63TeV | corresponding cluster formed in DPE events. As a conse-
dash — Js = 200 TeV guence, when energy is released from the incoming particles
U WS SIS I S P in a SPE event, it goes more to kinetic energy of e
0 10 15 20 25 30 . P
M, (GeV) system(i.e., larger momentun®y and rapidityYy) and less

to its mass. In DPE, although less energy is released, it goes
l_:IG. 7. Ratio d_ouble or single Pomeron exchange mass dismpredominantly to the masMy of the diffractive cluster,
butions as a function oy . In both cases we have assumed: \yhich is then at lower values &fy . In order to illustrate this
:etfegb (for DPE processesand opp=1.0 mb (for SPE pro- o a0, we show in Fig. 8 the rapidity distributions of te
system(which hasMy). All curves are normalized to unity
. . . . - and with them we just want to draw attention to the dramati-
tbhuet g?/t/)iﬂsé)t:?nigi;g?ellz ;r;gg%ﬂ?s? dvgﬁéd:r?;sh: snp])gtlzjeet:ﬁegio ally diﬁerent positions of fthe maxima of these distributions.
he solid and dashed lines showotlio/dYy for DPE

that we are selecting. !
We are not ablegto make precise statements about th@urves on the lejtand SPEcurves on the rlg_htcomputed
diffractive cross sectioriin particular about its normaliza- alt {5=630 GeV andy's=2000 GeV, respect|yely. We can
tion) with our simple model. Nevertheless, the narrowing ofclearly observe that DPE and SPE rapidity distributions are
. . separated by three units of rapidity and this difference stays
doppe/dMy suggests a slower increageith ) of the nearly constant as the c.m.s. energy increases. The location

integrated distributiorppe. We found this same effe¢9] ) . .
also forogpg. This trend is welcome and is one of the pos- of maxima in 16do/dYy and their energy dependence are

sible mechanisms responsible for the suppression of diffracf—’red'ctIons of _our. model.
To summarize: we have further developed our model for

tive cross sections at higher energies relative to Regge theoWadronic collisions and included double Pomeron exchange

pre]dicl‘,:t.ioni. h h i®(M.) defined b events. With only one new parametet;;, we could fit the
N Fig. 7 we show the rati®(M) defined by data recently published by the UA8 Collaboration and make
1 do predictions for the DPE mass spectra at Tevatron and LHC

DPE energies. Our main conclusion is that,=0.5 mb and con-

R(My) = oppe  dMy (16) stant withMy is favored by experimental data. We predict
X 1 dogpe’ that the ratio betweerinormalized double -I° exchange
ospe dMy and single diffractive mass distributions grows wih, .
10 T T T T T T T
E sol > Vs = 063TeV SPE " ACKNOWLEDGMENT

fdash > s = 200767 ] This work has been supported by FAPESP, CNB€azil)

3 and KBN (Poland.

' E APPENDIX

E In what follows we shall often make use of our kinemati-
E cal constraint betweer,(=Xma andym(=Ymax:

0.1 ( -
0 1 zlv 3 : ; tls \~; 8
Y, MZ
XmYm=Xy= —. (A1)
FIG. 8. Double and single Pomeron exchange normalized rapid- mm S

ity (Yy) distributions. In both cases we have assumeg
=1.0 mb (for DPE processgsand o,;=1.0 mb (for SPE pro-
cesses The moments ofbS(x’,y’) andw"(x’,y") are given by
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Xm Ym
<Xnym>S:J dX,X,nf dy
0 0

X 2
:f , dx’x’”fMZ;(/j(sdy’y’mws(x’,y’)

xmo/MX mg/x"s

/y/mwS(X/,y/)

(A2)
Xm Ym
<Xnym>H:fo dX/Xrnfo dy’y’me(x’,y’)

X 2
M§/xs
:f , de/x/nf ;( dy/yrme(Xr,y/).
4xpy  IM§ 4pt Ix'
min min

Ix's
I

(A3)

In order to obtain analytical expressions we shall, in the
following setw™(x’,y’)=0 because at the relevant energies
hard processes are not yet dominant. We shall keep only the

low x dominating factor of the gluon distribution:

, 1
G[m(x )=_

.-

(A4)

We shall neglect th&’ andy’ dependence of the cross sec- <XY>:CJ

tions and assume that

2
Pd 0gg

Opp

(A5)
With all these approximations EGA2) can be rewritten as

n,,m Xm Iyv!'n ym Iy,/M ! I Iy,! mg
(x"yM)= , XX dyy e (x .y 6| X'y = -2

m
_Cf dx’ X/n lf dyryrm 10(Xy O)

Xm Ym
_ ryrn—1 ry/m=1
_Cfmzls dx'x'" fz dy'y'™ L (AB)
0/SYm mg/sx
1. Case 1, m=0
X Ym dy’ X
(x)=c f;n dx' | l,zc f: dx’ln ymz X’)
mo/SYm my/sx y my/SYm mg
m0 M3 M% M5
piatvarSl f v L Seery el v It
M2\ 1 (M2 M3
:C.(_X)._.m —;( =C-Xy-In —;( . (A7)
By symmetry we have
= "] Lo M) <oy ). ne
=Cc.|—1|-—-In =C- -Inf — .
y S/ Xm |\ m2 Ym m?2
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2. Case =2, m=0

Xm ym dy’
(x2>=cJ X dx’x’j , —
mo/Sym mg/sx Y’

Xm YmS
=c| , dx'x'Inf—-x
my/SYm mg
m2\2 1{M2\? (M2
=Cc.-|—| = _2 |n _2
1 M2
=315 <y> (0. (A9)
Again, by symmetry, we have
M2
2>::£ X .i.( >:E. {y) (A10)
OV==31% ] %=z Ym ¥
3.Casenr1l, m=1
Xm Ym Xm m(z)
) dx’J'2 dy’'=c fz dx'| ym— —
Mo/SYm mg/sx Mo/SYm SX
(XmYm) g— 1%I Xmom' *—vc-(M—i
mym S s mé s
=0. (A11)

Inserting the approximate expressions for the moments

into Eq. (1) we obtain

X(X,y)
~ X0 oy _<y2>(x_<X>)2+<X2>(y—<y>)2
2m\Dyy 2Dy,
(A12)
Doy=(x*)(y?) (AL13)
or
XO0Y) = L.eﬂ{ 0?2 (=)
L NCONS! 2(x?) 2(y?)
(A14)

The diffractive mass distribution will be given by

mg
f dxf dyx(x,y) 5(M —Xys)o xy—?

1f1 dx M2
T s Mx/sxx xs

de

(A15)

074002-8



EXTRACTING THE POMERON-POMERON CRGS. . .

In order to proceed further let us first notice thxat and
Ym in the formulas fox"y™) above will have the meaning
of thex andy because of th&(M i— Xys) constraint. There-

fore,
a
o=a-Z-=0, (y)=a-—=5 (A16)
1a (M2\ 1 b l1a (M2\ 1 b
(x)==—. _X)._:_, (y2)==— _X)._:_
2y S|y y? 2 X s/ X x?
(A17)
where
M2 M2 1 [M?
a=c (?X)In —: : b—za ?X) (A18)
Mg
It then follows that
(X=(x))%  (y=(y))?
exg — -
2(x?) 2(y?)
a\? a\?
Tyl VX [{ (xy—a)?
=exp — — =exg — ——|.
b b b
2— 2—
y? X
(A19)

Using once again thaty= Mi/s we arrive at

PHYSICAL REVIEW D 67, 074002 (2003

( M3 (Mi) Mz |?
2 |——c[—|Inl =
p[ (xy—a)? s s mg
exg — ————|=exp —
| R
cl—=| Inl =
\ S Mo
( 2\ 12
M
2 |1-cln —;()
Mg
=exy —
M
clin —
\ mO
(A20)
The total y(x,y) is then
M2\ |2
2 |1-cln —;(
X(X,y)= Xo expy — il
' M%)\ [ M% M
mc| —|In — cln —
S Mg Mg
(A21)
leading to
s M2\ |2
In — 2-/1—cln —
dN XO 1 MX mo
dMi 7CMZ [ M% M%
In — cln —
Mg Mg
(A22)

which is exactly Eq(5).
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