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De
isive test for the Pomeron at TevatronA. Kup�
o� and C. RoyonDSM/DAPNIA/SPP, CEA Sa
lay, 91191 Gif-sur-Yvette Cedex, Fran
e.yR. Pes
hanskiServi
e de physique th�eoriquez, CEA/Sa
lay, 91191 Gif-sur-Yvette Cedex, Fran
exWe propose a new measurement to be performed at the Tevatron whi
h 
an be de
isive to distin-guish between Pomeron-based and soft 
olor intera
tion models of hard di�ra
tive s
attering.1. Introdu
tion The hard di�ra
tion phenomena revealed at HERA [1℄ has put a new light on the longlastinginterrogation 
on
erning the nature of elasti
 and di�ra
tive s
attering in strong intera
tions. The question is whetheror not this intera
tion is mediated by the ex
hange of an obje
t, the Pomeron, with properties of a well-de�ned hadroni
parti
le or, at least, of a well-de�ned Regge pole appearing in all di�ra
tive pro
esses.In this 
ontext, in a �rst 
lass of models initiated in Ref. [2℄ hard di�ra
tion is explained by deep inelasti
 s
attering(DIS) on the Pomeron, in a similar way as DIS on the proton leads to non-di�ra
tive events. In a se
ond 
lass ofmodels, di�ra
tive events are not distinguished from non-di�ra
tive ones, ex
ept by a soft 
olor intera
tion (SCI) [3℄(or Lund string re
onne
tion) whi
h may restore 
olor singlet ex
hange. In this se
ond approa
h, the notion of aPomeron is a priori absent.In the present paper we show that the forward dete
tor apparatus in the D� experiment at the Tevatron, Fermilab,has the potential to dis
riminate between the predi
tions of the two approa
hes in hard \double" di�ra
tive produ
tion,e.g. of 
entrally produ
ed dijets, by looking to the azimuthal distributions of the outgoing proton and antiproton withrespe
t to the beam dire
tion. This measurement relies on tagging both outgoing parti
les in roman pot dete
torsinstalled by the D0 experiment. We show from a Monte-Carlo simulation that this measurement 
an give signi�
antresults during the present RUN II at the Tevatron.2. Theoreti
al framework The dis
riminative potential of our proposal takes its origin in the fa
torizationbreaking properties whi
h were already observed at the Tevatron. Both 
lasses of models have a radi
ally di�erentexplanation for this fa
torization breaking, 
f. Fig.1.The Pomeron hypothesis implies the Regge fa
torization property, the same Pomeron vertex 
an be used to 
omputedi�erent di�ra
tive pro
esses, e.g. the proton vertex at HERA and the Tevatron. In fa
t, hard di�ra
tion at theTevatron, e.g. di�ra
tive dijet produ
tion, has revealed strong violations of fa
torization in hard di�ra
tion [4℄. Theexplanation given to this fa
torization breaking is the o

urren
e of large 
orre
tions from the survival probabilities,whi
h is the probability to keep a di�ra
tive event signed either by tagging the proton in the �nal state or by requiringthe existen
e of a rapidity gap in the event.The soft s
attering between in
ident parti
les tends to mask the genuine hard di�ra
tive intera
tions at hadroni

olliders. The formulation of this 
orre
tion [5℄ to the s
attering amplitude A 
onsists in 
onsidering a gap survivalprobability (SP ) fun
tion S su
h thatA(pT1; pT2;��) = f1 + ASPg �Ah � S�Ah = Z d2kT S(kT ) Ah(pT1�kT ;pT2+kT ) ; (1)where pT1;2 are the transverse momenta of the outgoing p; �p and �� their azimuthal angle separation. In our studythe hard s
attering amplitude Ah is obtained from the fa
torizable Pomeron model POMWIG [6℄. ASP is the softs
attering amplitude. In our simulations we used two di�erent models, either the two-
hannel eikonal model 1 [7℄(elasti
 and low-mass di�ra
tion) or only the elasti
 
hannel model 2 as proposed for hard di�ra
tion in [8℄.By 
ontrast with Pomeron models, soft 
olor intera
tion models are by nature non fa
torizable. As des
ribed inFig.1, the initial hard intera
tion is the generi
 standard QCD dijet produ
tion, a

ompanied by the full partonshower. Then, a phenomenologi
al soft 
olor intera
tion is assumed to modify the overall 
olor 
ontent, allowing fora 
olor singlet ex
hange and thus di�ra
tion. This pro
ess is evaluated using a Monte-Carlo simulation [9℄ whi
h weused in our study.� On leave from Institute of Physi
s, Center for Parti
le Physi
s, Prague, Cze
h Republi
z URA 2306, unit�e de re
her
he asso
ie au CNRS.



23. The D� Forward Proton Dete
torThe Forward Proton Dete
tor (FPD) [11℄ installed by the D� 
ollaboration provides a unique opportunity tomeasure the azimuthal angle � of the outgoing protons and antiprotons and thus to test the dependen
e of di�ra
tiveevents at the Tevatron on �� between the tagged protons and antiprotons.The FPD 
onsists of eight momentum spe
trometers lo
ated 
lose to a quadrupole magnet of the Tevatron (inshort quadrupole spe
trometers) and one spe
trometer 
lose to a dipole magnet (in short dipole spe
trometer), seeFig.2. Four quadrupole spe
trometers are lo
ated on the outgoing proton side, the other four on the antiproton side.On ea
h side, the quadrupole spe
trometers are pla
ed both in the inner (Q-IN), and outer (Q-OUT) sides of thea

elerator ring, as well as in the upper (Q-UP) and lower (Q-DOWN) dire
tions. They provide almost full 
overagein �. The dipole spe
trometer, marked as D-IN in Fig.2, is pla
ed in the inner side of the ring in the dire
tion ofoutgoing antiprotons.Ea
h spe
trometer allows one to re
onstru
t the traje
tories of outgoing protons and antiprotons near the beampipe and thus to measure their energies and s
attering angles. Spe
trometers provide high pre
ision measurement int = �p2T and � = 1� P 0=E variables, where P 0 and pT are the total and transverse momenta of the outgoing protonor antiproton, and E is the beam energy. The dipole dete
tors show a good a

eptan
e down to t = 0 for � > 3:10�2while the quadrupole dete
tors are sensitive to outgoing parti
les down to jtj = 0:6 GeV2 for � < 3:10�2. This allowsto obtain a good a

eptan
e for high mass obje
ts di�ra
tively produ
ed in the D� main dete
tor. For our analysis,we use a full simulation of the FPD a

eptan
e in � and t [12℄.Two sorts of 
ombinations are possible with the FPD. In the �rst one, the dipole dete
tor on the antiproton side 
anbe 
ombined with a quadrupole dete
tor on the proton side. This 
ombination gives asymmetri
 
uts on t due to thedi�erent a

eptan
e of the two kinds of spe
trometers. The good 
overage in � of the four quadrupole spe
trometersenables to measure the di�ra
tive 
ross se
tion as a fun
tion of �� between the outgoing protons and antiprotons.In the se
ond 
on�guration, quadrupole dete
tors 
an be used on both sides whi
h allows to get symmetri
 
uts on t.4. �� dependen
e of the double di�ra
tive 
ross se
tionIn Fig.3, we give the pro�le of the �� dependen
e of the di�ra
tive 
ross se
tion. As an example, we requireevents with two jets with a transverse momentum greater than 5 GeV and tagged proton and antiproton. The SCImodel [9℄ has been produ
ed using a modi�ed version of PYTHIA [10℄. The Pomeron model has been generatedusing POMWIG [6℄ and the Pomeron stru
ture fun
tion measured by the H1 Collaboration [1℄ interfa
ed with thetwo models for the survival probabilities des
ribed in Se
tion 2.We �rst display (upper 
urves) the result for asymmetri
 
uts in t (jtpj > 0:6, jt�pj > 0:1 GeV2). We noti
e thatthe result for SCI is independent on �� whereas the POMWIG results with survival probabilities show less eventsat high �� by a fa
tor of about 5. Both survival probability models exhibit strong �� dependen
e with similarshape but with di�erent relative normalization. The lower plots in Fig. 3 show the results for symmetri
 
uts on t(jtp;�pj > 0:5 GeV2). The di�eren
e between SCI and POMWIG models is even larger in this 
on�guration, and goesup to a fa
tor 30. Both survival probability models show similar behavior but the position of the minimum in �� isslightly shifted.5. Proposed measurement at the TevatronThe �rst measurement we propose, and whi
h 
an be performed even at low luminosity, dire
tly bene�ts from theFPD 
on�guration, i.e. from the stru
ture in � of the dete
tor itself. We suggest to 
ount the number of eventswith tagged p and �p for di�erent 
ombinations of FPD spe
trometers. For this purpose, we de�ne the following
on�gurations for dipole-quadrupole tags (see Fig. 2): same side (
orresponding to D-IN on �p side and Q-IN on pside and thus to �� < 45 degrees), opposite side (
orresponding to D-IN on �p side and Q-OUT on p side, and thus to�� > 135 degrees), and middle side (
orresponding to D-IN on �p side and Q-UP or Q-DOWN on p side and thus to45 < �� < 135 degrees). We de�ne the same kinds of 
on�gurations for quadrupole-quadrupole tags (for instan
e,the same side 
on�guration 
orresponds to the sum of the four possibilities: both protons and antiprotons tagged inQ-UP, Q-DOWN, Q-IN or Q-OUT).In Table 1, we give the ratios 1=2 � middle=same and opposite=same (middle is divided by 2 to get the samedomain size in �) for the di�erent models. In order to obtain these predi
tions, we used the full a

eptan
e in t and �of the FPD dete
tor [12℄. Moreover we 
omputed the ratios for two di�erent tagging 
on�gurations for the symmetri
and asymmetri
 
uts in t des
ribed above, namely for �p tagged in dipole dete
tors, and p in quadrupoles, or for bothp and �p tagged in quadrupole dete
tors.In Table 1, we observe that the �� dependen
e of the event rate ratio for the SCI model is weak, whereas forthe POMWIG models the result show important di�eren
es spe
ially when both p and �p are tagged in quadrupole



3Con�guration model middle/same opposite/sameQuad. + Dipole SCI 1.3 1.1Pomeron Model 1 0.36 0.18Pomeron Model 2 0.47 0.20Quad. + Quad. SCI 1.4 1.2Pomeron Model 1 0.14 0.31Pomeron Model 2 0.20 0.049TABLE I: Predi
tions for a proposed measurement of di�ra
tive 
ross se
tion ratios in di�erent regions of �� at the Tevatron(see text for the de�nition of middle, same and opposite). The �rst (resp. se
ond) measurement involves the dipole and onequadrupole dete
tors (resp. quadrupole dete
tors only) 
orresponding to asymmetri
 (resp. symmetri
) 
uts on t.dete
tors. This measurement 
an be performed even at low luminosity. Indeed, the expe
ted number of eventsfor POMWIG for 10 pb�1 is respe
tively about 103 (resp. about 25) for the dipole-quadrupole (resp. quadrupole-quadrupole) 
on�gurations if two jets with a transverse momentumgreater than 5 GeV are required. This 
orrespondsto a very low luminosity at the Tevatron (about 1 week of running now), and thus it is possible to in
rease the 
uton the jet pT to perform this study.The measurement 
an also be performed using ve
tor mesons (J=	 for instan
e), or even W and Z at higherluminosity. With more luminosity, we also propose to measure dire
tly the di�erential �� dependen
e between theoutgoing protons and antiprotons using the good 
overage of the quadrupole dete
tors in � whi
h will allow to performa more pre
ise test of the models.6. Con
lusionTo summarize, we propose a new measurement to be performed at the Tevatron whi
h 
an be de
isive to distinguishbetween Pomeron-based and soft 
olor intera
tion models of hard di�ra
tive s
attering. The di�eren
e in azimuthalangle between the leading outgoing proton and antiproton in hard double di�ra
tive intera
tions is found to be adis
riminating observable to distinguish between these two 
lasses of models and thus to investigate the nature of thePomeron. We showed that this measurement 
an be performed with the present D� dete
tor.If one �nds a strong �� dependen
e, the soft 
olor intera
tion approa
h would be disfavoured unless new important
hanges in the way PYTHIA deals with non-perturbative 
olor re
onne
tion are introdu
ed. On the other hand if the�� dependen
e is weak, it would mean that Pomeron 
on
ept has to be revised.The measurement is also fundamental to obtain pre
ise predi
tions for di�ra
tive 
ross se
tion at the LHC, su
h asthe 
ross se
tion for di�ra
tive Higgs boson produ
tion.A
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ted pro�le of �� between the outgoing p and �p for SCI and Pomeron-based models. The upper 
urves are forasymmetri
 
uts in t (jtpj > 0:6, jt�pj > 0:1 GeV2) and the lower ones for symmetri
 
uts on t (jtp;�pj > 0:5 GeV2). Solid lines:SCI model, dashed lines: Pomeron model 1, and dotted lines: Pomeron model 2 (see text). Note that for Pomeron models theminimum is 
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