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We consider proton diffraction dissociation in the dipole Pomeron model, where the Pomeron is represented
by a double pole in thé plane, and show that unitarity can be satisfied without decoupling of the triple
Pomeron vertex. Differential and total diffractive cross sections for the reqaiqm—>5+x are analyzed and
reproduced in this model.

PACS numbd(s): 12.40.Nn, 13.85.Ni

[. INTRODUCTION flux, that consists in setting a limit to the probability that the
proton emits a Pomeron, allow for a rising of the total dif-
Diffractive high energy elastic scattering for hadrons ap-fraction cross section compatible with experimental data. All
pears to find a satisfactory explanation in the framework othe above approaches are based on a supercritical Pomeron
the Regge theory with the exchange of the Pomeron trajednput with a Pomeron intercept larger than one.
tory. Rising cross sections can be accounted for by assuming Apart from the incompatibility with the experimentally
a Pomeron intercept slightly higher than offd or, in a  rising cross sections, a unity intercept Pomeron would
QCD approach, by considering the Pomeron as a gluon lagsresent analogous problems with unitadi§]. If, however,
der[2]. The growth of total cross sections can also be dethe partial wave amplitude, for the Pomeron exchange, pre-
scribed in a way compatible with the Froissart bound in thesents a simple and a double pole in the compleplane,
eikonal mode[3] or by assuming that the Pomeron is repre-cross sections will grow with energy and it will be possible
sented by a double pole in the compléplane[4]. to satisfy unitarity at the Born level, without eikonalization
In contrast with the above picture, inclusive diffractive [4]. In all (or mos} of the models explored until now, the
collisions in proton-proton or antiproton-proton scattering,Pomeron was assumed to be an isolated single Regge pole.
where one of the initial particles changes only slightly itsFrom QCD we know howevdi2] that the Pomeron is not a
momentum and appears in the final state isolated in rapiditysingle pole, but rather a complicated set of singularities in
seem to require deep modifications to the standard Regg@e J plane. A simple and feasible way to approximate this
models. The basic problem with diffraction dissociation,complicated structure is to take the sum of a simple and a
known for long time[5,6], is that the integrated cross section double pole(dipole). The dipole Pomeron is knowj#] to
osp appears to grow faster than the total cross seatipn  have unique properties since it reproduces itself under unita-
thus violating unitarity. For example, in the case of a superrization and thus one expects that it can be used also to
critical Pomeron withe(0)=1+ &, ogp grows twice as fast, resolve the abovementioned problem in diffraction dissocia-
~s2% as the total cross section does,~s°. The only way  tion. Obviously, the sum of a simple and double pole — like
to resolve this discrepancy seemed to require the vanishingny combination of Regge singularities — loses factorizabil-
of the triple Pomeron couplingPomeron decoupling5]), ity, although each term remains factorizable. Since Regge
which however contradicts the experimental dath pole factorization appears to be in conflict with experimental
A number of different unitarization recipes have been pro+esults[10], the approach we consider is favored.
posed in order to modify the energy dependence of the pre- The dipole Pomeron model has been tested successfully in
dicted cross section. Eikonal correctiof@ succeed in re- elastic hadron-hadron angthadron reactionf4,13—-16 and
producing the main features of single diffraction at highan application to single diffractive dissociation has been con-
energy, while the same effect can be reached by the inclusiosidered in Refs[17,18. It turns out that, in this approach,
of cuts in the Regge theo®]. Recently a different, more the Pomeron contribution consists of two terms, one increas-
phenomenological, approach has been considgtée12. ing like the logarithm of the energy and the other being
Renormalization[10,11 or damping[12] of the Pomeron energy independent, multiplied bya priori different
t-dependent vertex functions. This feature, and the assump-
tion that the Pomeron couples in a different way to Pomerons

*Email address: fiore@cs.infn.it and hadrons, opens the way to a unified treatment of elastic
"Email address: antonino.flachi@newcastle.ac.uk and production amplitudes. In this paper we will limit our-
*Email address: jenk@bitp.kiev.ua selves to consider single diffraction dissociation in hadronic
$Email address: paccanoni@pd.infn.it reactions. Extension to double diffraction dissociation should
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Pomeron exchange, for example, require further study. the coefficient of the double pole can vanish fer0, if this
Since the inclusive process of hadron diffraction has beeis required from general principles.

discussed extensively in the literaturg,19-22,7 we will In the dipole Pomeron approach, Ed) becomes
start, in Sec. Il, from the Mueller discontinuity formula and
adapt it to the chosen model. The triple Pomeron contribu- d’c 1

tion will be discussed in detail and the possibility to satisfy

the unitarity constraint will be investigated. While a proof of

the proposed solution cannot be given in the framework of
the Regge theory because théependence of the vertices is X
arbitrary to a great extent, a plausibility argument can be

advanced on the basis of a dual model for the Pomeron.

ap(t)
_ 2 P t _'i "
dM2dt 16ms? X Bad V| ~1 2

S T
7 Pb—X/ 2
h(t)(ln—M2 i | +C[FP=X(M2 )

ai(t) 2
Section Ill will be devoted to the inclusion of secondary N e EP-XM2 0| 3
Regge trajectories and the final expression for the cross sec- i;P Bacti(V) (M%) M2 - @
tion will be compared with experimental data in Sec IV. The
conclusion of this work will be drawn in Sec. V. Let us consider now the triple Pomeron contribution to Eq.
(3), neglecting for the moment all the interference terms and
II. THE TRIPLE POMERON IN DIEERACTIVE replacing the sum over intermediate states by a discontinuity
DISSOCIATION in M?,
Consider first the process+ b— c+ X with the exchange 1 oo 2ap(t)
of Regge trajectorie§i }. From the Mueller discontinuity for- 6 5B (D] e
mula[23] we get S
2 2
B 1 x h(t)lni+c> +Tr—h2(t)]
el 2 4
mE. dp, 16ms ; M
@ ()] 2 XIMTPP(M?,t,ap(t),tpp=0), 4
x |3 BamFrx M2yl —
= Pact /Sl M2 where, according to Eq2),
1) Im TPP= oy (M2)2P(O(\ +h(0)In M2
in the usual Regge pole mod#l.? is the squared mass of the FN(M2)«@-Lyg(t), (5)
unrevealed stat¥, «;(t) represents the Regge trajectory ex-
changed and g(t) being the triple Pomeron coupling. A term, decreasing
with M2, is present in Eq(5) since we consider also the
£ ()= l*+exp(—ima;(t)) secondaryf trajectory inP-b scattering. Obviously, ih(0)
e sin(a;(t)) vanishes, the same will be true faf0). In thefollowing,

ap(t)=1+a't, a’=0.25 GeV 2 and the standard form for
is its signature. In the following=P, f, 7 andw, whereP  the residue will be assumeg’—= exp(t).
ac

stands f%r the Pomrel ronltrajgctory. . q h By integrating Eq(3) overt andM? we get the Pomeron
Consi ier now the eas'_uc scatt(_armg and suppose that,ainytion to the single diffractive cross sectioryy. We
asymptoucally, the absorptive part in tsehannel A(s,1), will now show that the constraintsp<o for all values of
goes like s requires thah(t)o<(—t)” with y>1/2. Without changing
the asymptotic behavior of the Pomeron-hadron vertex, we

A(s,)= B1(1) B2(1)s* V[ h(t)Ins+C], can assume that

then the partial wave amplitude presents a simple and double
pole in the compleX plane. The amplitude for the Pomeron h(t)o
exchange can then be written as

Y
, v=0. (6)

—t
—t+1

(—is)”‘(t) . The proportionality constant in the expression fait) is
T(s,t)oc— .—ﬁl(t)ﬁz(t)[h(t)( Ins—i=|+C|, unessential since it can be factorized out in &y.by prop-
sin(ma(t)/2) 2 erly rescaling the consta.

(2 The proof becomes simpler if, according to experimental

where constant terms have been collecte@.iThe explicit findings[10,7), we consider the triple Pomeron vertgkt)

form of h(t) depends on the model. As an example, in a dual

model, if the residue of the simple pole has the form

B(a(t)), the residue of the double pole will be given by 10ther choices are possible as well: the functibut)ocl
[ B(«) da+const[4]. The form of this residue is such that —exp(t) has a similar behavior for suitable values-f
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as constant and neglect thandM? dependence of ImPP d2o 1 g2 (—1) 2a,()-1
in Eq. (4). Then, settingB=2(b+a’'In(¥M?)) and y — == 4”’”)7 —
=In(gM?), thet integral can be easily evaluated and reads dM=dt] 7™ 27 (t—u)°\M
X G*(t)oTP(M?), 9
o . b 2 220 ¢ \2
fo dte t+1) At } where
Iyt ¥y 128) v T sy 23 H
- 4 =531
C2
+2yCl(y+1) W(y+12B)+ &, (7 g%,,/(4m)=14.6 anda ,(t)=0.9t.

Thef contribution, and its interference with the Pomeron,
must now be considered. The approximation suggested in
where ¥(a,c;x) is a confluent hypergeometric function [28,29 is based on the assumption that freouples to had-
[24]. rons in just the same way as the Pomeron. This choice avoids
In order to integrate ovem 2 we transform to the variable the proliferation of free parameters and is justified from the
B whose upper limit is, asymptotically, proportional tosin  consideration that, while thieis required by the datg,27—
The integral can be evaluated exactly by using the elemer9], its contribution is small, in percentage, and can be ap-
tary relations for theV function and, in the limitB~Ins  proximated. A Pomeron-Pomeron-Reggeon term larger than
—oo, the behavior ofosp can be inferred from the large 0.150gp is excluded by high energy daf&0] and is com-
variable estimate foW [24]: pletely ignored in a recent analygis0].
Since the model we consider for the Pomeron is different
from the conventional, supercritical one, we must take care
2 ., ) in choosing an appropriatetrajectory. Fits with a double
osp~T(2y+1) ryB 7+.--+CnB, (8  pomeron pole[14—16 require an intercepi;(0) higher
than the value, usually adopted, about O/} In a recent
analysis[31], however, for the degeneragg /f trajectory,
where the ellipses on the left-hand sieHS) stands for  the resulte, — 1= —0.31+0.05 has been obtained by refit-
terms with a less singular behavior whem-o. ~ting all the experimental cross sections considergd jnFor
We note that the singularity foy=1 in Eq.(8) is spuri-  g)| data, with errors added in quadrature, a smaller value for
ous; the exact result does not present singularitiesy/fe0. a, has been obtained:, — 1= —0.34+0.05. An intermedi-
Since, in the model consideregr~Insandosp<or, from  ate value,~0.32 has been used in RE27]. The coincidence
the first term in Eq(8) we must have 2 2y<1. Hence, the  of 4,(0)— 1 with —0.32 obtained in the fit of hadronic cross
parametery, in general, must satisfy the conditior®=1/2.  sections within different models for the soft Pomeron should
This inequality is necessary to avoid terms, violating unitar-not pe surprising; in a limited energy range a behasfofor
ity, that rise faster than Is It is important to notice that the ¢ sufficiently small, can be well approximated by a term of
triple Pomeron contribution does not vanishtat0 because the form u+vins).
of the presence of the constahitModels that include many- | et a(t) be the difference between tReandf trajectories.
Pomeron cut contributions, for example R¢6], present |f we set
analogous properties.

a(t)=ap(t) — as(t)=a(0) - dt,

IIl. NON-LEADING CONTRIBUTIONS AND THE

DIEEERENTIAL CROSS SECTION then typical values, adopted in the following, aa€0)

=0.34 andé=0.65. Thef contribution
From now on we select the hadrons participating the pro-

cessaandc are antiprotonsﬁ) andbis a proton ). Later,

for the evaluation of the total single diffractive cross section R(s,t):k[ {h(t)lnizjuc cos( ma(t)
osp, the procesa=c=p andb=p will be also taken into 2
account. —a(t) —2a(t)
On the basis of historical fifsl9,25, the » trajectory can _mh®) i mat)) || S el =
be neglected and, since thetrajectory contributes in a dif- 2 2 M? M?2
ferent kinematical region with respectRoandf, interference (10)
terms betweenr andP,f are suppressed. Hence, in Eg)
the sum over refers only tof, and ther contribution will be
chosen as if7,25-27 will appear in the final form of the differential cross section:
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dt dMm? MZe (h(t)InM2+C g 2500 b M Py s=(20GeV)
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2 oTP(M?), (11
where all the constant factors have been collected. in
In Ref.[28] a value near 7.8 is quoted for the paraméter

appearing irR(s,t); since, however, the expressidhl) has Q00 004 oos o012 “Do0 004 008 o012
been rescaled is here a new parameter. As far as the other

parameters are concernddwill be fixed from p-p elastic
scattering(e.g. b=2.25 GeV 2, consistent with the slopes
used in[10,13-16,18 ando7°(M?) in the dipole Pomeron
model can be written as

FIG. 1. Differential cross sectiord?o/dé dt [mb/GeV?] vs &
for several values o§. Data are from E396$32] and the Collider
Detector at FermilabCDF) [30], compiled in[10]. The solid curves
represent the model witly=2 and with the remaining parameters
determined by the fit.

o7P(M?)=0.565+2.902 I M?) +44.38g M ?)*1(O)~1, d?o/dédt in our model, we performed a global fit of the data
(12 at Js=14 and 20 GeV of E39§32] and at\s=546 and
. L , 1800 GeV of the CDF CollaboratidirQ]. All the data were
inspired by the parametrization used ij. Since the form of taken from the compilation of Ref10] and are at fixed
h(t) is determined only near=0, it is well possible that the _ —0.05 Ge\?. The range of for the data of E396 has been
t-dependence of the cross section should be correcteﬁmitea to 0.01.6&0.1013' in the case of the CDF data. we
Hencg, a different value' ob coglgl. be requwed from'the have considered in the range 0.00640.109 for the data at
experimental data, but this possibility will not be con5|dered\/g: 546 GeV and in the range 0.003®.0918 for those at
in the following. Js=1800 GeV. We have found that our proposed model
nicely fits all the data for a large range of values of the
IV. COMPARISON WITH DATA parametery larger than 1/2. This weak dependence on the

When comparing the model with experimental data, wevalue of the paramgtey was not unexpected, since the fit
find two kinds of problems. The first one is related to theWas performed at fixed. In the particular case ofy=2
experimental definition of single diffraction dissociation. The (Which will be justified in the following the fit gives for the
great variety of phenomenological models, adopted by diffémaining parameters the following valugs=0.9802, A
ferent experimental groups in order to extract the published™ 1-9080,k=0.9839 and =2.3987, withy*/DOF~0.9. In
data, makes the test of any new model difficult. MoreoverFig- 1 we compare the curve resulting from the fit with
integrated cross sections do not refer to the same intervals 6f2 With the experimental data. We can see that our model
M2 andt, for different experimental analyses. The secondSUcceeds in reproducing the experimental data at different
kind of problem resides in our parametrization and isvalues ofs. We have checked that choosing a different value
strongly related to the first one. The integrated cross sectioff’ ¥ produces only little changes of the other parameters,
cannot be given in compact form and, since the overall norbut does not affect in a sizeable way the shape of the fitting
malization of the data has an experimental uncertainty ofUrves.

15%, it is not an easy task to determine the parametanly We have then fixed the parameters in the expression for
from thet dependence of the cross sections at different end”o7/dédt in our model according to the result of the fit at
ergies. t=—0.05 GeV and have checked how it reproduces other

While the pion contribution can be fixed as in Sec. Il the Sets of data, obtained at differenvalues. We have consid-
parameters relative to thietrajectory are different with re- ered the data of Ref33] att=—0.015 GeV and those of
spect to those of Ref$§28,29, since the Pomeron contribu- the UA8 Collaboratior{27] at the relatively large value of
tion differs from the one proposed there. We are left witht=—0.95 GeV. In both cases our curves roughly reproduce
three parameters for the Pomeron and one forftipdus an  the data(see Figs. 2 and)3thus indicating that also the
overall constant multiplying these contributions, while the dependence in our model is quite reasonable.
term has no free parameters. Finally, we have considered the total single diffractive

From now on, we adopt the standard variableM?/s,  cross sectionrgp, for the procesp(p)+p—p(p)+X as a
that represents the fraction of the momentum of the protofunction of \'s. We have compared our model with the ex-
carried by the Pomeron. Using the expressidi) for  perimental data of30,34—37 from the compilation given in
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FIG. 2. Differential cross sectiom$?o/d¢ dt [mb/GeV?] vs & s [GeV]

for several values of andt=—0.015 Ge\. The solid curves rep- FIG. 4. Total single diffraction cross sectiarsp Vs /s, com-

resent the model withy=2 and with the other parameters deter- pared with the prediction of the model. Data are taken from the
mined by the fit shown in Fig. 1. Data are frdi83] and were not  compilation of Ref[10].

included in the fit.

growth with s, whereas larger values af would cause an
[10], where some data have been corrected in order to obtaindershooting of the data at large
the diffraction cross section f@r<0.05. In order to make the
comparison, we have numerically integrated our expression
for d?o/dé&dt, with the parameters determined by the previ-

ous fit, in the region 1.4k ¢<0.05 andt<O0. In Fig. 4 we In this paper we have considered the proton diffraction
observe that the result of the integration, plotted as a functiogissociation in the dipole Pomeron model. In this model the
of /s, is in good agreement with the experimental data ovedifferential cross sectioml?o/dédt can be written in the
all the range of values o, including the Tevatron energies form given in Eq.(11). From the theoretical point of view,
Js=546 and 1800 GeV. We must stress here that the choicthe result in Eq(11) assesses two important properties that
y=2 is essential: values of lower than 2, but larger than seem to be required by the d4t0]. First, the exact factor-

1/2 in order to satisfyosp<or, would give a too fast ization, typical of the Regge pole model, is lost in the dipole
Pomeron approach. Second, ter0 the Pomeron and pion

contributions are independent®&nd the scaling wit? of

V. CONCLUSIONS

14 1 , 1 d?0/dM?dt|,_, becomes exact if only these terms are con-
$=(630 GeV) sidered. Moreover, we remark that this model respects the
12 L [t}=0.95 GeV* i unitarity condition without decoupling of the triple Pomeron
vertex. The total diffractive cross section rises as Ig)ln.e.
o 1.0 8 slower than the totgb-p cross section that, in turn, satisfies
3 the Froissart bound.
E 0.8 % % We notice that, in Eq(11), the triple Pomeron coupling
- and the Pomeron-proton cross section are tangled in the mul-
% 06 - tiplicative constani together with an unknown scale factor-
N ized from the functiorin(t). Hence the fit of the experimental
04 - . data cannot determine the aforesaid quantities but, at any
. rate, it represents an important test of the model. Concerning
02 - i the comparison with experimental data, we have found that
this model gives a satisfactory fit to the experimental data for
d?o/dédt with regard both to thé andt dependence. More-

0.0 1 1 1 1
0.02 0.04 0.06 0.08 0.10 over, for a suitable choice of the parameterit well repro-

s duces also the data for the total single diffractive cross sec-

FIG. 3. Differential cross sectiond®o/d¢ dt [mb/GeV?] vs ¢ tion and allows to predict a value of about 11 mb at the
for =630 GeV and=—0.95 Ge\?. The solid curves represent CERN Large Hadron CollidefLHC) energy\/_§= 14 Tev.

the model withy=2 and with the other parameters determined by ~We stress that in our model the one-pion contribution,

the fit shown in Fig. 1. Data are frof27] and were not included in parametrized in Eq(9), has been fixed from the beginning,
the fit. differently from Ref.[10], where a multiplicative constant
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has been considered in front of it as one of the two freecontributions. We feel that a deeper insight in these problems

parameters to be fitted. As for thfecontribution, in our
model it is well below the limit found by CDK30]. The
discrepancies observed at lar§drom the data of Ref[33]

and of UA8[27] could arise from an underestimation of the

contribution of thes and from neglecting that of the.

is important for applications of the model to other processes.
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