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Factorization and scaling in hadronic diffraction

K. Goulianos and J. Montanha
The Rockefeller University, New York, New York 10021

~Received 16 October 1998; published 6 May 1999!

A comprehensive analysis of single diffraction dissociation data onp( p̄)1p→p( p̄)1X from fixed target to
collider energies reveals a striking breakdown of factorization, which does not affect the shape of theMX

2

dependence of the differential cross sections. Phenomenologically, this result can be obtained by postulating a
scaling law for hadronic diffraction, which is embedded in the hypothesis of Pomeron flux renormalization
introduced to unitarize the triple-Pomeron amplitude.@S0556-2821~99!04111-9#

PACS number~s!: 13.85.Ni
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I. INTRODUCTION

In Regge theory, the high energy behavior of hadro
cross sections is dominated by Pomeron exchange@1,2#. For
a simple Pomeron pole, thepp elastic, total, and single dif
fractive ~SD! cross sections can be written as

dsel

dt
5

bPpp
4 ~ t !

16p S s

s0
D 2[aP(t)21]

~1.1!

sT~s!5bPpp
2 ~0!S s

s0
D aP(0)21

~1.2!

d2ssd

djdt
5

bPpp
2 ~ t !

16p
j122aP(t)FbPpp~0!g~ t !S s8

s0
D aP(0)21G

~1.3!

where aP(t)5aP(0)1a8t5(11e)1a8t is the Pomeron
Regge trajectory,bPpp(t) is the coupling of the Pomeron t
the proton,g(t) is the triple-Pomeron coupling,s85M2 is
the P2p center of mass energy squared,j512xF5s8/s
5M2/s is the fraction of the momentum of the proton ca
ried by the Pomeron, ands0 is an energy scale paramete
which is assumed throughout this paper to be 1 GeV2 unless
appearing explicitly.

In analogy with Eq.~1.2!, the term in brackets in Eq.~1.3!
is identified as theP2p total cross section,

sT
Pp~s8,t !⇒sT

Pp~s8!5bPpp~0!g~0!S s8

s0
D aP(0)21

[s0
PpS s8

s0
D aP(0)21

~1.4!

where we have usedg(t)5g(0), since it was found experi
mentally thatg(t) is independent oft @1#. The remaining
factor in Eq.~1.3!, namely

f P/p~j,t ![
bPpp

2 ~ t !

16p
j122aP(t)[Kj122aP(t)F2~ t ! ~1.5!

where K[bPpp
2 (0)/16p, is interpreted as the ‘‘Pomero

flux.’’ Thus, pp diffraction dissociation can be viewed as
process in which Pomerons emitted by one of the prot
interact with the other proton@3#.
0556-2821/99/59~11!/114017~13!/$15.00 59 1140
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The function F(t) represents the proton form facto
which is obtained from elastic scattering. At smallt, F2(t)
'e4.6t @4#. However, this simple exponential expression u
derestimates the cross section at larget. Donnachie and
Landshoff proposed@5# that the appropriate form factor fo
pp elastic and diffractive scattering is the isoscalar form fa
tor measured in electron-nucleon scattering, namely

F1~ t !5
4m222.8t

4m22t
F 1

12t/0.71G
2

~1.6!

where m is the mass of the proton. When using this for
factor, the Pomeron flux is referred to as the Donnach
Landshoff~DL! flux.1 Note that at small-t F1

2(t) can be ap-
proximated with an exponential expression whose slope
rameter,b(t)5 (d/dt) ln F1

2(t), is 4.6 GeV22 at t'20.04
GeV2, consistent with the slope obtained from elastic sc
tering at smallt.

As we discussed in a previous paper@6#, the;se depen-
dence ofsT(s) violates the unitarity based Froissart boun
which states that the total cross section cannot rise faster
; ln2 s. Unitarity is also violated by thes-dependence of the
ratio sel /sT;se, which eventually exceeds the black dis
bound of one half (sel<

1
2 sT), as well as by the

s-dependence of the integrated diffractive cross sect
which increases withs as ;s2e and therefore grows faste
than the total cross section.

For both the elastic and total cross sections, unitariza
can be achieved by eikonalizing the elastic amplitude@6,7#,
which takes into account rescattering effects. Attempts
introduce rescattering in the diffractive amplitude by inclu
ing cuts@8,9# or by eikonalization@7# have met with moder-
ate success. Through such efforts, however, it has bec
clear that these ‘‘shadowing effects’’ or ‘‘screening corre
tions’’ affect mainly the normalization of the diffractive am
plitude, leaving the form of theM2 dependence almost un
changed. This feature is clearly present in the data,
demonstrated by the Collider Detector at Fermilab~CDF!
Collaboration@10# in comparing their measured diffractiv

1The factorK in the DL flux is KDL5(3bPqq)
2/4p2, wherebPqq

is the Pomeron-quark coupling.
©1999 The American Physical Society17-1
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K. GOULIANOS AND J. MONTANHA PHYSICAL REVIEW D 59 114017
differential p̄p cross sections atAs5546 and 1800 GeV with
pp cross sections atAs520 GeV.

Motivated by these theoretical results and by the tre
observed in the data, a phenomenological approach to u
rization of the diffractive amplitude was proposed@4# based
on ‘‘renormalizing’’ the Pomeron flux by requiring its inte
gral over allj andt to saturate at unity. Such a renormaliz
tion, which corresponds toa maximumof one Pomeron pe
proton, leads to interpreting the Pomeron flux as a proba
ity density simply describing thej and t distributions of the
exchanged Pomeron in a diffractive process~see details in
Sec. III!.

In this paper, we show that the hypothesis of flux ren
malization provides a good description not only of t
s-dependence of the total integrated SD cross section, as
already shown in@4#, but also of the differentialM2 ~or j)
and t distributions. Specifically, we show that forM2.5
GeV2 ~above the resonance region! and j,0.1 ~the coher-
ence region@1#!, all available data forp1p( p̄)→X1p( p̄) at
small t can be described by a renormalized triple-Pome
exchange amplitude, plus a non-diffractive contribution fro
a ‘‘Reggeized’’ pion exchange amplitude, whose normali
tion is fixed at the value determined from charge excha
experiments,pp→Xn. A good fit to the data is obtaine
using only one free parameter, namely the triple-Pomeron
coupling,g(0).

We also show that thet50 cross section at smallj dis-
plays a striking scaling behavior, namelyd2s/dM2dtu t50
'C/(M2)aP(0), where the coefficientC is s-independent
over six orders of magnitude. In contrast, the;s2e depen-
dence expected from the standard triple-Pomeron ampli
represents an increase of a factor of 6.5 betweenAs520 and
1800 GeV. This scaling behavior is predicted by the ren
malized flux hypothesis and provides a stringent and s
cessful test of its validity.

In Sec. II we present and discuss the data we use in
paper; in Sec. III we describe our phenomenological
proach in fitting the data using the Pomeron flux renorm
ization and pion exchange models; in Sec. IV we present
results of our fits to data; in Sec. V we present the case f
scaling law in diffraction; and in Sec. VI we make som
concluding remarks on factorization and scaling in soft d
fraction.

II. DATA

The data we use are from fixed targetpp experiments
@11,12#, from CERN Intersecting Storage Rings~ISR! pp
experiments@13,14#, from CERN Super Proton Synchrotro
~Sp̄pS! Collider p̄p experiments@15#, and fromp̄p experi-
ments at the Fernilab-Tevatron collider@10,16#. Below, we
discuss some aspects of the Tevatron Collider data repo
by CDF @10#.

A. The CDF data

The CDF Collaboration reported@10# differential cross
sections for p̄p→ p̄X in the region of j,0.15 and utu
11401
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,;0.15 GeV2 at As5546 and 1800 GeV. The experimen
was performed by measuring the momentum of the re
antiproton using a roman pot spectrometer. No tables c
taining data points are given in the CDF publication. T
data are presented in two figures~Figs. 13 and 14 in@10#!,
which are reproduced here as Figs. 1a and 1b, where
number of events is shown as a function ofxF (xF512j) of
the recoil antiproton, rather than as a function of the antip
ton momentum~as was done in@10#!. The histogram super
imposed on the data in each figure is the CDF fit to the d
generated by a Monte Carlo~MC! simulation performed by
CDF. As an input to the simulation, the following formu
was used:

d2s

djdt
5

1

2 F D

j11e
e(b022a8 ln j)t1I jgeb8tG . ~2.1!

The first term in this equation is the triple-Pomeron term
Eq. ~1.3!. The second term was introduced to account for
non-diffractive background. A connection to Regge theo
may be made by observing thatg51 (g50) corresponds to
pion ~Reggeon! exchange with a Regge trajectory of inte
cept a(0)50 ~0.5! ~see Sec. III!. The factor of 1

2 does not
appear in Ref.@10# and is introduced here to account for th
fact that we refer only to the cross section forp̄p→ p̄X and
do not include that forpp̄→pX, as was done by CDF. Th
CDF MC simulation took into account the detector acce
tance and the momentum resolution of the spectrometer.
slope of the Pomeron trajectory,a8, was kept fixed at the
valuea850.25 GeV22. The values of the remaining param

FIG. 1. ~a!,~b! CDF data forp̄p→ p̄X uncorrected for accep
tance~from Ref.@10#!: number of events Feynman-x (XF); the solid
line histograms are from a Monte Carlo simulation using form
~2.2!; ~c!,~d! CDF cross sectionsds/dxF ~integrated overt); the
solid curves represent formula~2.1! and the dashed curves formu
~2.2!.
7-2
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FACTORIZATION AND SCALING IN HADRONIC DIFFRACTION PHYSICAL REVIEW D59 114017
eters, as determined from the CDF fits to the data, are li
in Table I, where we include the values for the moment
resolution,s0 , at As5546 and 1800 GeV.

1. Acceptance correctedj distributions

Using the information provided in the CDF publicatio
we mapped Figs. 1a and 1b into Figs. 1c and 1d, resp
tively, in which the data are corrected for detector acc
tance. The acceptance was obtained from Fig. 2 of Ref.@10#.
The results are presented as cross sections, rather tha
events, versusxF . The normalization was determined b
comparing the data points with the CDF MC fits. The nu
ber of events corresponding to eachx-bin of the MC histo-
grams in Figs. 1a and 1b was converted to an absolute c
section by convoluting the analytic CDF formula for the d
ferential cross section with thet-acceptance function an
with the Gaussianj-resolution function using a normaliza
tion that reproduces the MC histogram. The curves in
new figures represent Eq.~2.1! convoluted with a Gaussia
resolution function ofj, whose width was determined from
the momentum resolution of the spectrometer at each ene
Specifically, these curves are calculated using the expres
@17,18#

ds

dj
5E

t50

2` d2s

djdt
dt;

d2s

djdt
5E

j851.4/s

1 d2s

dj8dt
g~j8,j!dj8

~2.2!

where d2s/dj8dt is given by Eq.~2.1! ~with j→j8) and
g(j8,j) is the Gaussian resolution function given by

g~j8,j!5
1

A2ps0

e2(j82j)2/2s0
2
. ~2.3!

As seen in Figs. 1c and 1d, expression~2.2! provides an
excellent fit to the acceptance-corrected differential cr
sections, including the unphysical region of negativej val-
ues. Thus, once the detector experimental resolution is
counted for, the low-j ~or equivalently, the low-M2) cross
section iscompletely compatiblewith that expected from ex
trapolating the cross section from the region of 0.95,xF
,0.99 (0.05.j.0.01) into the resolution dominated ver
low-j region using the triple-Pomeron differential cross s
tion shape. This behavior rules out the hypothesis of lowj
~low-M2) suppression suggested by some authors@19,20#.

TABLE I. CDF fit parameters from Ref.@10#.

Parameter As5546 GeV As51800 GeV

D 3.5360.35 2.5460.43
b0 7.760.6 4.260.5
a8 0.2560.02 0.2560.02
e 0.12160.011 0.10360.017
I 5372280

1498 162285
1160

g 0.7160.22 0.160.16
b8 10.261.5 7.361.0
s0 1.431023 8.931024
11401
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2. Cross sections at t520.05 GeV2

The CDF data in the triple-Pomeron dominated region
j,0.05 are concentrated at lowt-values, namely utu
,;0.1 (0.2) GeV2 for As5546 ~1800! GeV ~see Fig. 2 of
Ref. @10#!. Therefore, direct comparison of the CDF da
with other experiments should be made fort-values within
these regions oft. Since the CDF paper does not repo
j-distributions at a fixed value oft in the form of a table, we
extracted such a table fort520.05 GeV2 from the informa-
tion given in the CDF paper. The value oft520.05 GeV2

was chosen in order to allow direct comparison of the C
data with the data of Ref.@11#, for which j-distributions
have been published fort520.05 GeV2 andAs514 and 20
GeV ~see Table II!. The t520.05 GeV2 CDF points were
evaluated from the data in Figs. 1c and 1d, which repres
cross sections integrated overt, by scaling the cross sectio
at each point inj by the ratio

R~j!5
d2s/djdtu t520.05

ds/dj
~2.4!

which was calculated using Eq.~2.2!. Figures 2a and 2b
display thet520.05 GeV2 data points grouped intoj-bins
of approximately equal width in a logarithmic scale. Figur
2c and 2d display in a linearj-scale the data forj,0.01,
including the unphysical region of negativej-values. The
horizontal ‘‘error bars’’ represent bin widths. The values
the points plotted in Figs. 2a–d are listed in Tables III a
IV. The solid ~dashed! curves in the figures represent th
CDF fits without~with! the convolutedj-resolution function,
calculated using Eq.~2.1! @Eq. ~2.2!#. For As5546 ~1800!
GeV, the effect of the detector resolution becomes import
for j,0.005 ~0.003!. Immediately below these values, th
data lie higher than the extrapolation of the solid-line fi
from the largerj-values. This is completely accounted for b
the smearing effect of thej-resolution, which also account
for the values of the cross sections in the unphysical nega
j-regions, as seen in Figs. 2c and 2d. Exact numerical c
parisons between data and calculations are presente
Tables III and IV. The entries in these tables labeled ‘‘CD

TABLE II. Differential cross sections forpp→pX as a function
of j at utu50.05 GeV2 @11#.

As514 GeV As520 GeV

j
d2s/djdt

~mb/ GeV2! j
d2s/djdt

~mb/ GeV2)

0.0160 282.0611.8 0.0160 233.2610.9
0.0267 145.669.3 0.0267 146.767.9
0.0373 112.068.4 0.0373 105.967.0
0.0480 100.067.7 0.0480 78.866.2
0.0586 85.867.3 0.0586 80.766.5
0.0693 79.767.1 0.0693 70.266.1
0.0800 69.167.6 0.0800 57.065.8
0.0906 65.467.4 0.0906 62.566.6
0.1013 51.067.5 0.1013 68.667.0
7-3
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K. GOULIANOS AND J. MONTANHA PHYSICAL REVIEW D 59 114017
fit’’ and ‘‘Fit ^ Gauss’’ are calculated values of the cro
sections per unitj and unitt at the center of each bin. Th
effect of the resolution on the measured cross section
quite substantial at low-j and therefore must be taken in
consideration when comparing the low-j CDF data with pre-
dictions of unitarization models@19,20# based on low-j sup-
pression of the diffractive cross section.

FIG. 2. CDF cross sectionsds/djdt at t520.05 GeV2; the
solid curves represent formula~2.1! and the dashed curves formu
~2.2!.

TABLE III. Differential cross sections forp̄p→ p̄X at 546 GeV
and utu50.05 GeV2 extracted from the CDF measurements@10#
~see text for details!.

j
d2s/djdt

~mb/ GeV2!
CDF fit

~mb/GeV2!
Fit^ Gauss
~mb/GeV2!

20.0046 21.1864.73 16.95
20.0027 539.1640.3 569.1
20.0009 3534.46124.0 3591.8

0.0009 4561.36135.1 2568.1 4561.3
0.0027 1682.9673.8 772.5 1618.2
0.0046 563.0638.8 443.4 536.2
0.0064 300.9630.5 308.7 329.0
0.0082 226.5625.7 236.3 244.8
0.0100 178.2622.6 191.5 195.9
0.0119 136.5620.6 161.3 163.9
0.0146 107.3613.9 131.0 132.3
0.0192 82.4611.3 101.0 101.6
0.0256 77.9611.7 78.5 78.8
0.0348 67.0611.6 62.5 62.6
0.0458 49.669.8 53.3 53.3
0.0577 54.4610.6 48.6 48.6
0.0714 41.267.8 46.4 46.4
0.0870 47.767.9 45.9 45.9
0.109 44.567.1 47.0 47.0
11401
is

3. t dependence

We now return to the question of the CDF values ofb0 of
the t-distributions~see Table I!. Theoretically, the value of
b0 for p̄p→ p̄X should be the same at all energies and eq
to one half of the corresponding value forp̄p→ p̄p @see Eqs.
~1.1! and~1.3!#. Experimentally,12 b0,el54.6 GeV22 @4#. The
best-fit CDF slope values areb057.760.6 (4.260.5)
GeV22 for As5546 ~1800! GeV. The 1800 GeV value is
close to 4.6, within error, but the 546 GeV slope is sign
cantly larger than 4.6 GeV22. The discrepancy between th
slope value measured by CDF atAs5546 GeV and the ex-
pected value ofb054.6 GeV22 may be explained by the
very shortt-range of the experimental measurement. In
region of low-j, where Pomeron exchange is dominant, t
detector had reasonable acceptance only within the re
0.03,utu,0.1 GeV2. Thus, the slope could not be measur
accurately. The quoted error in the measured slope is
standard deviation calculated keeping all other parame
fixed at their best-fit values. The large correlation coe
cients@10# between the error of the CDF best-fit parame
b0 and other fit parameters indicate that a good fit to the d
within the t-region of the measurement could have been
tained with a different value ofb0 , and correspondingly dif-
ferent value of the other parameters, subject to the constr
that the integrated cross section over thet-range of the mea-
surement remain the same. Sincet520.05 GeV2 corre-
sponds approximately to the cross-section-weighted m
value oft in the region 0.03,t,0.1, the value of the differ-
ential cross sections att520.05 GeV2 is insensitive to a
change inb0 .

TABLE IV. Differential cross sections forp̄p→ p̄X at 1800
GeV and utu50.05 GeV2 extracted from the CDF measuremen
@10# ~see text for details!.

j
d2s/djdt

~mb/ GeV2!
CDF fit

~mb/GeV2!
Fit^ Gauss
~mb/GeV2!

20.0022 375.4648.0 307.8
20.0011 3419.46182.8 3419.4

0.0000 8368.66278.9 8368.6
0.0011 5646.96210.4 1603.4 5019.4
0.0022 1311.9688.4 776.6 1311.9
0.0033 568.7666.5 513.7 573.6
0.0044 403.4657.7 386.1 404.5
0.0055 319.6652.9 311.3 320.0
0.0072 222.7635.8 243.7 247.4
0.0100 196.7633.8 182.9 184.2
0.0139 153.6629.3 140.1 140.6
0.0189 106.7622.1 112.1 112.3
0.0250 84.6618.8 93.8 93.9
0.0322 90.2618.7 81.6 81.7
0.0422 73.9613.7 72.2 72.3
0.0555 55.069.4 65.3 65.3
0.0717 69.9610.0 60.8 60.8
0.0918 57.667.2 57.8 57.8
0.116 55.466.5 55.8 55.8
7-4
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FACTORIZATION AND SCALING IN HADRONIC DIFFRACTION PHYSICAL REVIEW D59 114017
4. Total diffractive cross sections

At As5546 ~1800! GeV, the total integrated cross sectio
within the region 0.t.2` and (1.5GeV2)/s,j,0.05 cal-
culated using Eq.~2.1! ~multiplied by a factor of 2 to include
the cross section forp̄p→Xp) is 7.28~8.73! mb.

III. PHENOMENOLOGICAL APPROACH

In the framework of Regge theory@21#, the cross section
for pp→pX in the region of larges/MX

2 can be expressed a
a sum of contributions from exchanges of Reggeonsi, j and
k ~see Fig. 3!,

d2ssd

dMX
2dt

5
s0

s2 (
i , j ,k

Gi jk~ t !

3S s

MX
2 D a i (t)1a j (t)S MX

2

s0
D ak(0)

cos@f i~ t !2f j~ t !#

~3.1!

with

Gi jk~ t !5
1

16p
b ipp~ t !b jpp~ t !bkpp~0!gi jk~ t ! ~3.2!

where a i(t)5a i(0)1a i8t is a Reggeon trajectory,b ipp is
the Reggeon coupling to the proton,gi jk is the ‘‘triple-
Reggeon’’ coupling andf i(t) is a phase factor determine
by the signature factor,h i(t)5z1e2 ipa i (t), wherez561 is
the signature of the exchange. The signature factors h
been expressed ash i(t)5h i

0(t)eif i (t) with the modulih i
0(t)

absorbed into theb(t) parameters in Eq.~3.2!. For pp
→pX Reggeonsi andj must have the same signature, so th
f i(t)2f j (t)5 (p/2) @a i(t)2a j (t)#. As mentioned in Sec
I, the energy scales0 is not determined by the theory and
usually set to 1 GeV2. The lack of theoretical input about th
value of s0 introduces an uncertainty in the Pomeron fl
normalization, which is resolved in the renormaliz
Pomeron flux model~see discussion below!.

Table V displays thes andj, or MX
2 , dependence of the

contributions to thepp→pX cross section att50 from vari-
ous combinations of exchanged Reggeons. Three Regge
jectories are considered: the Pomeron,P, with aP(0)51
1e, the Reggeon,R, with aR50.5, and the pion,p, with
ap50. In fitting elastic and total cross sections, Covola
Montanha and Goulianos@6# use two Reggeon trajectorie
one for the f/a family witha f /a(0)50.68 and the other for
the r/v family with ar/v(0)50.46; Donnachie and Land
shoff @2# use one ‘‘effective’’ trajectory with aR

e f f(0)
50.55. For simplicity and clarity of presentation, we co

FIG. 3. Illustration of triple-Reggeon phenomenology.
11401
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sider in Table V one Reggeon trajectory withaR(0)50.5.
The termsPPP ~triple-Pomeron! andPPR correspond to the
picture@3# in which Pomerons emitted by one proton intera
with the other proton to produce the diffractive event. T
last row in Table V shows the predictions of the renorm
ized Pomeron flux model@4#.

A. Standard approach

The standard approach to diffraction is to perform a
multaneous fit to thepp→pX differential cross sections o
all available data at all energies using Eq.~3.1!, which is
based on factorization. In such a fit, the only free parame
are the triple-Reggeon couplings,gi jk(t). The Reggeon tra-
jectories and the couplingsb(t) are determined from the
elastic and totalpp cross sections@6#, and the coupling
bppp(t) is obtained from the couplingbpnp(t), measured in
the charge exchange reactionpp→nX, using isotopic spin
symmetry:bppp(t)5 1

2 bpnp(t).

TABLE V. Triple-Reggeon amplitudes forpp→pX using
aP(0)511e, aR(0)50.5 andap(0)50.

Amplitude d2s/djdtu t50 d2s/dM2dtu t50 sSD
tot(s)

(PP)P ;
se

j11e
;

s2e

~M2!11e
;s2e

(PP)R ;
1/As

j1.512e
;

s2e

~M2!1.512e
;s2e

(RR)P ;seje ;
1

s
~M2!e ;se

(RR)R ;
1/As

j0.5
;

1/s

~M2!0.5
;1/As

(pp)P ;sej11e ;
1

s2
~M2!11e ;se

(pp)R ;~1/As!j0.5 ;
1

s2
~M2!0.5 ;1/As

(PR)R ;
1/As

j11e
;

se/As

~M2!11e
;se/As

(PR)P ;
se

j0.5
;

se/As

~M2!0.5
;se

Renormalized:

(PP)P ;
1/se

j11e
;

1

~M2!11e

;

constant
7-5
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1. Factorization

Equation~3.1! is based on factorization. A ‘‘global’’ fit of
this form to all available data was performed by Field a
Fox in 1974@22#. However, the data available at that tim
could not constrain the fit well enough to test the trip
Reggeon phenomenology, let alone determine the tri
Reggeon couplings. By 1983, with more data available fr
Fermilab fixed target and ISR experiments@11–14#, good fits
to the small-t differential pp→pX cross sections were ob
tained using the empirical expression@1#

d2s

djdt
5

A

j
•ebt1B•j•eb8t. ~3.3!

The first term in Eq.~3.3! has thej-dependence of thePPP
amplitude withaP(0)51 (e50) and the second term ha
the j-dependence of theppP amplitude. Note that a
Reggeon-exchange contribution,RRP, with aR(0)50.5,
would have a flatj-dependence. At the relatively low value
of As of the Fermilab fixed target and ISR experiments,
j-range was not large enough for theb-slope to be sensitive
to the variation withj expected from Eq.~3.1!, namelyb
5b022a8 ln j, or to distinguish between a 1/j and a 1/j11e

dependence in the first term of Eq.~3.3! and thereby estab
lish the now well known deviation ofaP(0) from unity.
Nevertheless, the prominent;1/j behavior of the cross sec
tion at low-j was clear evidence forPPP dominance and left
little room for contributions from other terms, as for examp
from a PPR term with its sharper;1/j110.5 dependence on
j. This is illustrated by the fits of Eq.~3.3! to the very
precise data forpd→Xd shown in Fig. 4. The data@23,24#
are from the experiment of the USA-USSR Collaboration
Fermilab using an internal gas-jet target operated with d
terium. The values of the cross sections att520.035 GeV2

plotted in Fig. 4 were obtained either directly from the pu
lished tables@24# or by extrapolation from their publishe
values att520.05 GeV2 @23# using the measured slope o

FIG. 4. Cross sections forp1d→X1d.
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the t-distribution. The two sets of data were normalized
the average value of the cross section within thej-region
common to both sets of data. Figures 4a and 4b show
using a 1/j and a 1/j11e dependence~with e50.104 @6#!,
respectively. Both fits are in good agreement with the da

In summary, the agreement of the Fermilab fixed tar
and ISR experimental results with the empirical express
~3.3!, which is inspired by the factorization based standa
triple-Reggeon phenomenology, shows that:~i! at low-j, the
cross section is dominated by thePPP amplitude (;1/j),
while ~ii ! at high-j, there is an additional contribution, whic
has the form of theppP amplitude (;j).

2. Breakdown of factorization

In 1994, when CDF published the diffractivep̄p→ p̄X
cross sections atAs5546 and 1800 GeV@10#, the supercriti-
cal Pomeron trajectory withaP(0).1 was already well es-
tablished by fits to total hadronic cross sections@2#. There-
fore, CDF made fits using Eq.~2.1!, which includes two
terms: thePPP amplitude~first term! and a non-diffractive
contribution parametrized asd2snd /djdt5I jgeb8t. The
form of the latter was inspired by the empirical expression
Eq. ~3.3!, and the parameterg was introduced toeffectively
incorporate possible contributions both fromppP (g51)
andRRP (g50) amplitudes, as was discussed in Sec. II

Three important results from the CDF fits to the da
should be emphasized.

Only thePPP term and a non-diffractive contribution ar
required by the fits. An upper limit of 15% was set on
possible contribution of aPPR term to the total diffractive
cross section atAs5546 GeV. From this result, we deriv
the following limit for the ratio, R, of the coefficients
Gi jk(0) of thePPR/PPP terms:

R[
GPPR~0!

GPPP~0!
,0.2. ~3.4!

This limit is ;5% of the value ofR used in the fit by Erhan
and Schlein@20# ~see also comments in@25#!.

The parametere was determined for the first time from
the j-distribution of single diffraction dissociation and wa
compared to thee obtained from thes-dependence of the
total p̄p cross section@26#. The CDF results are:

e~ total cross section!50.11260.013 ~3.5!

e~ds/dj;As5546 GeV!50.12160.011 ~3.6!

e~ds/dj;As51800 GeV!50.10360.017. ~3.7!

The values obtained from theds/dj distributions are, within
the quoted uncertainties, consistent with the value de
mined from the rise of the total cross section, as would
expected for Pomeron pole dominance. The weighted a
age of all three values is@4#

e50.11560.008. ~3.8!
7-6
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FACTORIZATION AND SCALING IN HADRONIC DIFFRACTION PHYSICAL REVIEW D59 114017
Using the relationj5M2/s, the PPP ~first! term in Eq.
~2.1! can be written in terms ofM 2 as @see also Eq.~3.1!#

d2s

dM2dt
5

G~0!

2
~s/s0!d

s0
e

~M2!11e
e(b012a8 ln(s/M2))t

~3.9!

where in standard Regge theoryd52e. Treatingd as a free
parameter and performing a simultaneous fit to the diffr
tive cross sections,ssd , atAs520 @11#, 546 and 1800 GeV
CDF obtainedd50.03060.016.

The last result indicates a breakdown of factorization. T
observed slower than;(s/s0)2e increase of the diffractive
cross section with energy is necessary to preserve unit
and was predicted in 1986@8# by calculations including
shadowing effects from multiple Pomeron exchanges. M
recent work based on eikonalization of the diffractive amp
tude@7# or on the inclusion of cuts@9# shows that shadowing
can produce substantial damping of thes-dependence of the
cross section but has no appreciable effect on
M2-dependence. These predictions are in general agree
with the conclusions reached by the CDF fits to data. Ho
ever, the damping predicted by the eikonalization mode
not sufficient to account for the observeds-dependence o
the total single diffraction cross section~see Fig. 5!; the pre-
dictions of the model based on cuts are in better agreem
with the data@9#.

FIG. 5. The total single diffraction cross section forp( p̄)1p

→p( p̄)1X versusAs compared with the predictions of the reno
malized Pomeron flux model of Goulianos@4# ~solid line! and of the
model of Gotsman, Levin and Maor@7# ~dashed line, labeled
GLM!; the latter, which includes ‘‘screening corrections,’’ is no
malized to the average value of the two CDF measurements aAs
5546 and 1800 GeV.
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B. Renormalized Pomeron flux approach

1. Triple-Pomeron renormalization

The CDF measurements showed that, just like at Ferm
fixed target and ISR energies, the shape of the low-M2 ~low-
j) behavior of the diffractive cross section at the Tevatr
Collider is described well by thePPP amplitude displayed in
Eq. ~3.9!. The total diffractive cross section, obtained b
integrating Eq.~3.9! over all t and over M2 from Mmin

2

51.5 GeV2 to Mmax
2 50.1s, increases withs as ;(s/s0)d.

For d52e, which is the value for simple pole exchange,ssd

would increase faster than the totalp̄p cross section, which
varies as;(s/s0)e, leading to violation of unitarity. With the
experimentally determined value ofd'0, the diffractive
cross section remains safely below the total cross sections
increases, preserving unitarity.

As discussed in the previous section, introducing shad
ing corrections can dampen the increase of the diffrac
cross section withs and thereby achieve the desired unita
zation while preserving theM2-dependence of thePPP am-
plitude, as required by the data. However, the shadow
models do not account completely for thes-dependence of
the data, and the two models mentioned above do not pre
the same amount ofs-damping of the cross section. In add
tion, these models are very cumbersome to use in calc
tions of single diffraction, double diffraction and double
Pomeron exchange processes.

The calculational difficulties of unitarity corrections in th
standard approach are overcome in the ‘‘Pomeron flux ren
malization’’ approach proposed by Goulianos@4#. The renor-
malized flux approach is based on ahypothesis, rather than
on an actual calculation of unitarity corrections, and the
fore can be stated as an axiom.

The Pomeron flux integrated over all phase space s
rates at unity.

The standard Pomeron flux is displayed in Eq.~1.5!. Us-
ing F2(t)5eb0t, the integral of the standard flux,

N~s!5E
jmin

jmaxE
2`

0

f P/p~j,t !djdt, ~3.10!

is given by

N~s!5K
e2r

2a8
@Ei~r 22e ln jmin!2Ei~r 22e ln jmax!#

~3.11!

where Ei(x) is the exponential integral function,2 r
[b0e/a8, jmin5M0

2/s51.5/s is the effective diffractive
threshold, andjmax50.1 @4#.

The renormalized Pomeron flux,f N(j,t), can now be ex-
pressed in terms of the standard flux,f P/p(j,t), as follows:3

2Ei(x)5g1 ln x1(n51
` (xn/nn!), where g50.57721 . . . ~Euler’s

constant!.
3For a detailed discussion of the role of the scale parameters0 in

determining the value ofs for which N(s)51 see@4#.
7-7
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K. GOULIANOS AND J. MONTANHA PHYSICAL REVIEW D 59 114017
f N~j,t !5H f P/p~j,t ! if N~s!,1,

N21~s! f P/p~j,t ! if N~s!.1.
~3.12!

The renormalizedPPP contribution to the differential
cross section is given by

d2ssd

djdt
5

K

N~s!

e22a8t lnjF2~ t !

j112e
s0

Pp~sj!e ~3.13!

or, in terms ofM2, by

d2ssd

dM2dt
5

Ks2e

N~s!

e22a8t ln(M2/s)F2~ t !

~M2!112e
s0

Pp~M2!e.

~3.14!

In the energy interval ofAs520 to 2000 GeV, the stan
dard flux integral varies as;s2e ~see Fig. 6!. Thus, flux
renormalization approximately cancels thes-dependence in
Eq. ~3.14!, resulting in a slowly rising total diffractive cros
section. Asymptotically, ass→`, the renormalized total dif-
fractive cross section reaches a constant value:

lim
s→`

ssd
N ~s!5 lim

s→`

ssd~s!

N~s!
52s0

Pper /2. ~3.15!

The s-dependence of the integral of expression~3.13!
over all t andj,0.05, multiplied by a factor of 2 to accoun

FIG. 6. The integral of the standard Pomeron flux forpp
→pX, N(s) of Eq. ~3.10! using F2(t)5e4.6t, as a function ofAs
~solid curve! is compared with a dependence;s2e ~dashed curve!.
The horizontal solid line atN(s)51 represents thesaturatedrenor-
malized flux. If the flux integral is calculated using in Eq.~3.10! the
F1(t) form factor of Eq.~1.6!, it can be approximated by the ex
pression 0.41s2e.
11401
for both p̄p→ p̄X and p̄p→Xp, is compared with experi-
mental data forssd(j,0.05) in Fig. 5~from @4#!. In view of
the systematic uncertainties in the normalization of differ
sets of data, which are ofO(10%), the agreement is exce
lent.

2. Pion exchange contribution

The form of the empirical expression~3.3! suggests that a
high-j the dominant non-PPP concontribution to the cross
section comes from pion exchange. In Regge theory, the p
exchange contribution has the form

d2s

djdt
5 f p/p~j,t !spp~sj! ~3.16!

where f p/p(j,t) is the pion flux andspp(sj) the pp total
cross section.

In the ‘‘Reggeized’’ one-pion-exchange model@22#, the
pion flux is given by

f p/p~j,t !5
1

4p

gppp
2

4p

utu

~ t2mp
2 !2

G1
2~ t !j122ap(t)

~3.17!

where gppp
2 /4p'14.6 @22# is the on mass-shell coupling

ap(t)50.9t is the pion trajectory, andG1
2(t) is a form factor

introduced to account for off mass-shell corrections. F
G1(t) we use the expression~see@27# and references therein!

G1~ t !5
2.32mp

2

2.32t
. ~3.18!

Since the exchanged pion is not far off-mass-shell, we
the on-shellpp total cross section@6#,

spp~mb!5
1

2
~sp1p1sp2p!

510.83~sj!0.104127.13~sj!20.32. ~3.19!

3. A one parameter fit to diffraction

Motivated by the success of the empirical expression~3.3!
in describing the Fermilab fixed target and ISR data, and
the similarity between this expression and the CDF fits
data at Tevatron energies, we have performed a simultan
fit to single diffraction differential cross sections at all ene
gies using the formula

d2s

djdt
5 f N~j,t !sPp~sj!1 f p/p~j,t !spp~sj! ~3.20!

in which the first term is the renormalized triple-Pomer
amplitude, Eq.~3.13!, and the second term is the pion e
change contribution, Eq.~3.16!. Results from our fit, in
which only the triple-Pomeron coupling,gPPP , is treated as a
free parameter, are presented in the next section.
7-8
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IV. RESULTS

In this section, we present the results of fits performed
experimental data using Eq.~3.20!, which has two contribu-
tions: a renormalized triple-Pomeron amplitude and
Reggeized pion exchange term.

A. Differential cross sections

The experimentalj-distributions are usually distorted i
the low-j region by the resolution in the measurement of
momentum of the recoilp( p̄). We therefore check first how
well Eq. ~3.20! reproduces the shapes of the differential cro
sections of thepp data of E396@11# at As514 and 20 GeV
and of thep̄p data of CDF@10# atAs5546 and 1800 GeV in
the regions ofj not affected by detector resolution. Figure
shows the cross sectionsd2ssd /djdt at t520.05 GeV2 for
E396 and CDF~data from Tables II, III and IV!. The solid
lines represent the best fit to the data at each energy u
Eq. ~3.20! with the normalizations of the triple-Pomeron an
pion exchange contributions treated as free parameters.
quality of these fits indicates that no Reggeon terms o
than the triple-Pomeron and pion exchange terms are ne
to describe the shapes of the differentialj-distributions.

Figures 8 and 9 show the result of a simultaneous
~solid lines! to the t520.05 GeV2 data of E396 and CDF
using Eq.~3.20! with only the triple-Pomeron coupling as
free parameter. The overall normalization of the data w
allowed to vary within610% to account for possible sys
tematic effects in the experimental measurements. The
in the normalization of the data at each energy that resu
in the best fit is given in each plot. In Fig. 9 the individu
contributions of the triple-Pomeron and pion exchange te

FIG. 7. Cross sectionsd2ssd /djdt for p1p( p̄)→p( p̄)1X at
t520.05 GeV2 and As514, 20, 546 and 1800 GeV. The soli
lines represent the best fit to the data at each energy using
terms, thePPP and ppP amplitudes, with their normalization
treated as free parameters.
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are shown by dashed curves. The fit has ax251.0 per degree
of freedom.

The parameters used in the fit areaP(t)51.10410.25t
and bPpp(0)56.57 GeV21 ~4.1 mb1/2) for the triple-
Pomeron term, and those given in Sec. III B 2 for the pi
exchange term. The fit yielded a triple-Pomeron coupl
gPPP51.0 GeV21(0.62 mb1/2), which corresponds tos0

Pp

52.6 mb; using the F1(t) form factor yields gPPP

51.1 GeV21 (0.69 mb1/2) ands0
Pp52.8 mb.

Figure 10 shows a fit of Eq.~3.20! to ISR data@13# of
ds/djdt versusj at fixed t. In this fit, the experimenta
j-resolution was taken into account by convoluting E
~3.20! with the Gaussian resolution function, Eq.~2.3!, using
s050.003. The parameters used in Eq.~3.20! were those of

the above fit to thep( p̄) data. The overall normalization o
the data has an experimental systematic uncertainty of 1
@13#.

B. Total diffractive cross sections

In Fig. 11, we compare experimental results for the to
diffractive cross section within 0<2t<2` and j5MX

2/s
<0.05 with the cross section calculated from the trip
Pomeron term of Eq.~3.20! ~solid line! using the triple-
Pomeron coupling evaluated from the fit to the different
cross sections. Within this region ofj, the expected contri-

o FIG. 8. Cross sectionsj•d2ssd /djdt for p1p( p̄)→p( p̄)1X
at t520.05 GeV2 andAs514, 20, 546 and 1800 GeV are com
pared with the results~solid lines! of a simultaneous one paramet
fit using a renormalizedPPP amplitude and a Reggeized pion e
change contribution. To account for systematic uncertainties,
normalization of each data set was allowed to vary with
610% of its nominal value; the parameter ‘‘N~data!’’ represents
the shift in the data normalization for which the best fit was o
tained.
7-9
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bution of the pion exchange term is less than 2% at
given energy. The data points are from Refs.@10–16#.

There are two points that must be kept in mind in co
paring data with theory.

~a! Normalization of data sets.The overall normalization
uncertainty in each experiment is ofO(10%).

~b! Corrections applied to data.Deriving the total cross
section from experimental data invariably involves extrap
lations in t and j from the regions of the measurement
regions where no data exist. In making such extrapolatio
certain assumptions are made about the shape of
t-distribution and/or the shape of thej distribution. With the
exception of the ISR experiments@13,14#, all measurements
of the experiments listed here are at very low-t. In these
cases, an exponential form factor of the formeb0t was as-
sumed for extrapolating into the high-t region. The~higher-
t) ISR data show a clear deviation from exponential behav
and support theF1

2(t) form factor. UsingF1
2(t) instead of

eb0t results in alarger total cross section by;5210%, de-
pending on the value ofs ~smaller correction at highers).
The magnitude of the correction depends on thej-region
and, throughj, on s, since thet-distribution depends no
only on the form factor but also onj through the term
e(22a8 lnj)t.

Another source of error comes from the fact that the slo
of the t-distribution is usually not measured accurately
experiments sensitive only to low-t. The discussion in Sec

FIG. 9. Cross sectionsd2ssd /djdt for p1p( p̄)→p( p̄)1X at
t520.05 GeV2 andAs514, 20, 546 and 1800 GeV are compar
with the results~solid lines! of a simultaneous one parameter
with a renormalizedPPP amplitude and a pion exchange contrib
tion. The dashed lines represent the individual Pomeron and
contributions. To account for systematic uncertainties, the norm
ization of each data set was allowed to vary within610% of its
nominal value; the parameter ‘‘N~data!’’ represents the shift in the
data normalization for which the best fit was obtained.
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II A 3 of the CDF measurement atAs5546 GeV illustrates
this point.

Table VI presents the total diffractive cross sections c
rected for the effects mentioned above. The ISR@13,14# and
Sp̄pS @15# cross sections were left unchanged, since th

n
l-

FIG. 10. Cross sectionsd2ssd /djdt for pp→pX measured at
the ISR at various values ofAs andt, as indicated in each plot. Th
solid lines are fits obtained using the renormalizedPPP amplitude
and the pion exchange contribution, convoluted with the exp
mentalj resolution, which dominates the shape of the distributio
at smallj. The overall normalization of the data has a systema
uncertainty of615% @13#.

FIG. 11. Total single diffraction cross sections forp( p̄)1p

→p( p̄)1X versusAs compared with triple-Pomeron prediction
based~a! on Pomeron pole dominance in standard Regge the
~dashed line! and ~b! on the renormalized Pomeron flux model@4#
~solid line!. The cross sections were corrected for effects due
extrapolations int, as discussed in the text. The errors shown
statistical; typical systematic uncertainties for each experiment
of O(10%).
7-10
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FACTORIZATION AND SCALING IN HADRONIC DIFFRACTION PHYSICAL REVIEW D59 114017
were calculated taking into account the high-t behavior of
the differential cross section. The cross sections of R
@12,16# were multiplied by the ratio of the cross section c
culated using theF1(t) form factor in thePPP term to that
calculated using the simple exponential form factor. Fina
the cross sections of Refs.@10,11#, for which the data are
within a limited t-region and have no reliable slope para
eters, were calculated as follows: in each case, we evalu
the integrated cross section within thet2j region of the
experiment using the parameters determined by the exp
ment, and then recalculated this cross section using the
mula of Eq.~3.20!, adjusting the normalization parameterD
to obtain the same value for the integrated cross section
the samet2j region; this formula was then integrated ov
the region 0,utu,` and 1.5/s,j,0.05. The corrections to
values derived directly from the published data are
O(10%).

In view of the systematic uncertainties in the normaliz
tion of the various data sets, as evidenced by the discre
cies among data from different experiments in overlapp
s-regions, Fig. 11 shows excellent agreement between
experimental cross sections and the predictions of the o
parameter fit of Eq.~3.20! @using theF1(t) form factor and
s0

Pp52.8 mb#.

V. A SCALING LAW IN DIFFRACTION

The renormalization of the Pomeron flux to its integ
over all available phase space may be viewed as a sca
law in diffraction, which serves to unitarize the triple
Pomeron amplitude at the expense of factorization.

As mentioned above, an interesting feature of the bre
down of factorization is that the shape of thej-distribution
of the PPP term is preserved. This is illustrated in Fig. 1
where cross sections are plotted as a function ofj at fixed t

for As514 and 20 GeV (As̄1517 GeV! and As251800

TABLE VI. Total p/ p̄→p/ p̄X single diffraction cross section
for j<0.05 ~includes both interacting hadrons!. The cross sections
of the references marked with † were derived from the experim
tal data using the procedure outlined in the text.

As
~GeV! ssd ~mb! Ref.

As
~GeV! ssd ~mb! Ref.

14 3.9460.20 † @11# 23.3 6.560.2 @14#

20 4.4660.25 † @11# 27.4 6.360.2 @14#

16.2 4.8760.08 † @12# 32.4 6.560.2 @14#

17.6 4.9660.08 † @12# 35.5 7.560.5 @14#

19.1 4.9460.08 † @12# 38.5 7.360.4 @14#

23.8 5.1960.08 † @12# 44.7 7.360.3 @14#

27.2 5.4260.09 † @12# 53.7 7.060.3 @14#

23.4 6.0760.17 @13# 62.3 7.560.3 @14#

26.9 6.0560.22 @13# 546 9.460.7 @15#

30.5 6.3760.15 @13# 1800 8.4661.77 † @16#

32.3 6.3260.22 @13# 546 8.3460.36 † @10#

35.2 7.0160.28 @13# 1800 9.1260.46 † @10#

38.3 6.0860.29 @13#
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GeV. As noted by CDF@10#, it is seen that the shapes of th
ds/dj distributions asj decreases tend to the shape e
pected from triple Pomeron dominance at both energ
however, the normalization of thes2 points is approximately
a factor of (s2 / s̄1)e52.6 lower than that of thes̄1 points,
instead of being a factor of (s2 / s̄1)e higher, as one would
expect from factorization@see factors85sj in Eq. ~1.3!#.

This particular way in which factorization breaks dow
implies that thed2s/dMX

2dtu t50 distribution is approxi-
mately independent ofs, and thereforescaleswith s, in con-
trast to thes2e behavior expected from factorization. Figu
13 shows the differential cross sections as a function ofMX

2

at t520.05 GeV2 for As514, 20, 546 and 1800 GeV within
j regions not including the resonance region ofMX

2,5
GeV2 ~for As514 and 20 GeV! and not affected by the de
tector resolution (j.0.005 andj.0.003 for As5546 and
1800 GeV, respectively!. These cross sections are al
shown in Fig. 14 for regions ofj low enough not to be
affected by the non-Pomeron contribution (j,0.03). In this
figure, the data are compared with a straight line fit of t
form ds/dMX

2;1/MX
11D , ~solid line! and with thestandard

flux predictions, which are based on factorization~dashed
lines!. Clearly, factorization breaks down in favor of a sca
ing behavior.

The scaling of theMX
2 distribution is a consequence of th

Pomeron flux renormalization hypothesis, as pointed ou
Sec. III B 1. Figure 6 shows that the renormalization fac
based on flux scaling has an approximates2e dependence,
which cancels thes2e dependence inds/dMX

2 expected from

n-

FIG. 12. Cross sectionsd2ssd /djdt for p1p( p̄)→p( p̄)1X at
t520.05 GeV2 andAs514, 20 and 1800 GeV. The solid lines a
the global one-parameter fit to the data presented in Fig. 9, and
dashed lines represent the renormalized triple-Pomeron cont
tion. The dotted line is the standard flux triple-Pomeron contrib
tion at As51800 GeV predicted from the data atAs514 and 20
GeV.
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factorization. An exact comparison between data and the
is made in Fig. 15, where data and predictions of Eq.~3.20!
are shown fort50. The t50 data were obtained from th
t520.05 GeV2 data shown in Fig. 13 by subtracting th
pion exchange contribution att520.05 GeV2 and calculat-
ing thet50 cross section assuming at-distribution given by

F1
2(t)e(22a8 ln j)t. The excellent agreement between data a

theory over six orders of magnitude suggests viewing
Pomeron flux renormalization hypothesis asa scaling law in
diffraction.

FIG. 13. Cross sectionsd2ssd /dM2dt for p1p( p̄)→p( p̄)1X
at t520.05 GeV2 andAs514, 20, 546 and 1800 GeV.

FIG. 14. Cross sectionsd2ssd /dM2dt for p1p( p̄)→p( p̄)1X
at t520.05 GeV2 and As514, 20, 546 and 1800 GeV. AtAs
514 and 20 GeV, the fits using the standard and renormal
fluxes coincide; at the higher energies, the standard~renormalized!
flux predictions are shown by the dashed~solid! lines.
11401
ry

d
e VI. CONCLUSIONS

We have shown that experimental data on diffractive d
ferential cross sectionsd2s/djdt for pp→Xp and p̄p
→Xp at energies fromAs514 to 1800 GeV, as well as tota

diffractive cross sections~integrated overj and t), are de-
scribed well by a renormalized triple-Pomeron amplitude a
a Reggeized pion exchange contribution, whose normal
tion is kept fixed at the value determined frompp→Xn.

The renormalization of the triple-Pomeron amplitude co
sists in dividing the Pomeron flux of the standard Reg
theory amplitude by its integral over all available pha
space inj and t. Such a division provides an unambiguo
normalization of the Pomeron flux, since the energy sc
factor,s0 , which is implicit in the definition of the Pomeron
proton couplingbPpp(0) that determines the normalizatio
for the standard flux, drops out. Thus, the renormaliz
Pomeron flux dependsonly on the value ofjmin and on the
Pomeron trajectory, which is obtained from fits to elastic a
total cross sections. Therefore the onlyfree parameter in the
renormalized triple-Pomeron contribution to soft diffractio
is the triple-Pomeron coupling constant,gPPP . From our fit
to the data we obtained the valuegPPP51.1 GeV21.

The scaling of the Pomeron flux to its integral can
viewed asa scaling lawin diffraction, which unitarizes the
diffractive amplitude at the expense of factorization. A spe
tacular graphical representation of this scaling is provided
the experimental differentialds/dMX

2 u t50 distribution as a
function ofMX

2 for energies fromAs514 to 1800 GeV. This

d

FIG. 15. Cross sectionsd2ssd /dM2dt for p1p( p̄)→p( p̄)1X
at t50 and As514, 20, 546 and 1800 GeV, multiplied b
@bPpp

2 s2e(bPpp•gPPP)/„16pN(s)…#21, whereN(s) is the integral of
the Pomeron flux, are compared with the renormalized flux pre
tion of 1/(M2)11e. The dashed curves show the standard flux p
dictions. Thet50 data were obtained by extrapolation from the
t520.05 GeV2 values after subtracting the pion exchange con
bution.
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distribution shows a clear;1/(MX
2)11e behavior, which is

independent ofs over six orders of magnitude, in agreeme
with expectations from the flux renormalization hypothe
and contrary to the;s2e behavior expected from the stan
dard theory based on factorization.
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