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1. Intr oduction

The CDF collaboratiorhasbeeninvolvedin a systemati@andcomprehensie programof stud-
ies of diffractive interactionssincethe startof operationf the FermilabTevatron pp collider in
1989. The ultimate goal of this programis to provide experimentalresultswhich will be of help
in elucidatingthe QCD charactenf hadronicdiffraction[1]. Diffractive interactionsarecharacter
izedby largerapidity gaps® in thefinal state presumedo occurvia the exchangeof aquark/gluon
combinationcarryingthe quantumnumbersof the vacuum.This exchangds traditionally referred
to asPomeron [2]. The processwhich is directly analogouso the classicaldiffraction of light is
elasticscatteringbut it is inelasticdiffraction processeshat provide the moststringenttestsfor
QCDinspiredmodelsof diffraction. Thetotal crosssectionis alsoof interestin testingtheoretical
modelsof diffraction,sinceit is relatedto theimaginarypartof the forward elasticscatteringam-
plitude throughthe opticaltheorem.In this paper we presentesultsobtainedat the Tevatronby
CDF andcommenton their physicssignificance.

The named datesof the Tevatronrunsandintegratedluminositiesof datacollectedby CDF
arelistedbelow:

RunNumber Date fLum (pb1)
Runl

%] 1988-1989 5
la 1992-1993 20
Ib 1993-1995 100
Ic 1995-1996 10
Runll

lla 2003-2006 1000
lIb currentlyin progress

In Runlg , CDF measureclastic,singlediffractive, andtotal crosssectionsat /s =630and
1800GeV.

In Runsla, Ib andic, CDF studiedbothsoftandharddiffractive processesyith thelatterincor-
poratinga hardpartonicscatteringn additionto the characteristidargerapidity gap of diffraction.
Figured, shavs schematicallythe diagramsandfinal stateeventtopologiesof the processestudied
by CDFin Runl.

In Run i, the CDF diffractive programwas enhancecdy extendingthe kinematicrangeof
the measurementsf harddiffractive processeandby additionalstudiesof exclusive production
processes.

All Run resultshave beenpublished. Theseresultsare briefly summarized. The Run Il
resultsare discussedn more detail. Recentresultson the x-Bjorken and Q? dependencef the
diffractive structurefunctionandonthet-dependencef diffractive crosssectionsarereportedand
characterizedh termsof their physicscontent.In addition,resultson exclusive dijet anddiphoton
productionarepresente@ndtheir significancen calibratingpredictionsfor exclusive Higgsboson
productionatthe LHC is discussed.

1Rapidity gapsareregionsof rapidity devoid of particles;rapidity, y = % Efgt , andpseudorapidityn = — Intang,

areusedinterchangably, asin thekinematicregion of interestthe valuesof thesetwo variablesareapproximatelyequal.
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Figure 1: Schematic diagramsandevent topologesin azimuth& ande ¢ versuspseuarapidity n for (a)
elasticandtotal crosssections,and (b) single diffraction (SD), douwble diffraction (DD), double Pomeron
exchang (DPE),anddoule plus singlediffraction crosssectiong SDD=SD+DD). The hatcted areasep-
resentregionsin which thereis particleprodiction.

2. Run |9 Results

In Runli@, CDF measuredhe elastic,soft single diffractive, andtotal pp crosssectionsat
\/$=630and1800GeV. The measuremenvasperformedwith the CDF | detectoywhich during
run I hadtrackingcoverageoutto |n| ~ 7 and RomanPot Spectrometersn both sidesof the
InteractionPoint (IP). The normalizationwas obtainedby the luminosity independeninethod,
which is basedon simultaneouslyneasuringhe total interactionrate, which dependsn o, and
the elasticscatteringlifferentialrateatt = 0, which dependon o2 (opticaltheorem):

1 dNe|| L g lem 1 dNeII
1+p2 dt =0 T 14+p2Ny +N,y dt =0

1
or O [(Nel +N) & Of~

Paradoxicallyoverestimatinghetotalrate,asfor exampledueto backgroundventsyieldssmaller
elasticandtotal crosssectionswhile lossof inelasticeventsresultsin largercrosssections.

Figure?Z (left) shavs Regge basedfits to total and elastic scatteringdatausing the eikonal
approacho ensureunitarity [3]. Goodfits areobtainedwhich areconsistentith the CDF cross
sectionsat the Tevatronevenif the Tevatroncrosssectionsarenot usedin thefit [3]. In contrast,
the standardReggefit to total single diffractive crosssections shavn in Fig. 2 (right), overesti-
matesthe Tevatroncrosssectiondoy afactorof ~ 10. This discrepang representa breakdevn of
factorizationwhichis restorecby therenormalizatiorprocedureproposedn Ref. [4].
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Figure 2: (left) Simultaneusfit to pp, =, andK* total crosssectionand p-value datausingeikonalized
(solid) andBorn level (dashed)amplitudas[[j] - therise of the pp crosssectionwith /s is “pulled” by the

rise of the " crosssectionsandwould passthroughthe CDF point at /S = 1800GeV even if this point

werenotusedin thefit; (right) total pp/ pp singlediffractiondissociatiorcrosssectiondata(sumof p andp

dissociationfor £ < 0.05 compmaredwith Regge predidions basedon standarcandrenormalizel Pomeron
flux [4].

3. Runla,b,c Results

The diffractive processestudiedby CDF in TevatronRunsla,b,c(1992-1996)are schemat-
ically shavn in Fig. 2b. Both soft and hard processesvere studied. A discusgon of the results
obtainedandof theirsignificancdn decipheringhe QCD natureof thediffractive exchangecanbe
foundin Ref. [B]. The mostinterestingdiscoveriesfrom this diffractive programwerethe break-
down of factorizationandtherestoratiorof factorizationin eventswith multiple rapidity gaps.

Breakdown of factorization. At ,/s=1800GeV, the SD/ND ratios(gap fractions)for dijet, W,
b-quark,and J/¢ production,aswell the ratio of DD/ND dijet production,areall ~ 1%. This
representa suppressiownf afactorof ~10 relative to predictionsbasedon diffractive partonden-
sitiesmeasuredrom DDIS at HERA, indicating a breakdevn of QCD factorizationcomparable
to thatobseredin soft diffractionprocesseselative to Reggetheoryexpectations However, fac-
torizationapproximatelyholdsamongthe four differentdiffractive processest fixed /s, which
indicatesthatthe suppresi®n hasto do with the formationof the rapidity gap, aspredictedby the
generalizedyaprenormalizatiormodel(see[&]).

Restoration of factorization in multi-gap diffraction.  Anotherinterestingaspecbf the datais

thatratiosof two-gapto one-gpcrosssectiongor bothsoftandhardprocessesbey factorization.
This provides both a clue to understandingliffraction in termsof a compositePomeronand an

experimentatool for diffractive studiesusingprocessewith multiple rapidity gaps(see[5]).
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4. The Run Il Diffracti ve Program

In Runll, CDF hasbeenconductingthefollowing studiesof diffraction:

— structurefunctionin dijet production,

— t distributions

— exclusive dijet, diphoton,ande e~ production,

— structurefunctionin W production,

— gapbetweerjets: dependencef the crosssectionon gapsizefor fixedAn €.

In this paper we presentpreliminaryresultson the first threetopics. The diffractive W and
‘gapbetweerjets’ analysesarein progressandresultsareexpectedn early2007.

4.1 Run Il forward detectors
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Figure 3: The CDF detecor in Run ll: (left) location of forward detetors alongthe p direction; (right)
positionof the Cerenlov Luminosity Monitor (CLC) andMiniPlug calorimetes (MP) in thecertral detector

The Runll diffractive programwas madepossibleby an upgradedCDF detector{B], which
includesthefollowing speciaforward componentgFig. 3):

— RomanPotSpectromete(RPS)to detectleadingantiprotons,

— MiniPlug (MP) forward calorimetersapproximatelycoveringtheregion 3.5 < |n| < 5.5,

— BeamShaver Counters(BSC) positionedaroundthe beampipe at four (three)locations
alongthe p (p) beamdirectionto tagrapidity gapswithin 5.5 < |n| < 7.5.

The Roman Pot Spectrometer is the sameone that was usedin Runlc. It consistsof X-Y

scintillation fiber detectorglacedin threeRomanPot Stationslocatedat an averagedistanceof

57 m downstreamin the p direction. The detectorshave a positionresolutionof +100um, which

makes possiblea ~ 0.1% measurementf the p momentum.In Runc, the p-beamwasbehind
the protonbeam,asviewed from the RPSside. An invertedpolarity (with respecto Runl) of the
electrostatidbbeamseparatorenabledmaoving the RPSdetectorsloserto the p-beamandthereby
gain acceptancéor small |t| down to & = 1 — x(p) = 0.03 (for larger |t|, lower & valuescanbe
reached).
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The MiniPlug calorimeters areplacedwithin theholesof themuontoroids. They consisiof lay-
ersof leadplatesimmersedn liquid scintillator Thescintillationlight is picked up by wavelength
shifting fibers strungthroughholesin the lead platesandreadout by multi-channelPMT’s. The
calorimeter‘tower" structureis definedby arrangingfibersin groupsto be readout by individual
PMT pixels. Thereare 84 towersin eachMiniPlug, andthe signalsthey provide canbe usedto
measureenegy andpositionfor bothelectromagnetiandhadroninitiated shavers [7)].

The Beam Shower counters arerings of scintillation counters*hugging” the beampipe. The
BSC-1rings are sggmentednto four quadrantswhile in the otherBSCsare sggmentednto two
halves. TheBSC-larealsousedto provide rapidity gaptriggersandfor measuringoeamlosses.

4.2 Diffracti ve structur e function from dijet production

In Run ll, CDF hasobtainedpreliminary resultsfor the Xgj» Q?, andt dependencef the
diffractive structurefunction from dijet productionat /s = 1960 GeV. The measured<Bj rates
confirm the factorizationbreakdevn obsered in Run | (seereview in Ref. [8]). The Q? andt
dependenceesultsareshavn in Fig4.
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Figure 4: (left) Ratio of diffractive to nondiffractive dijet event ratesas a function of Xgj (momerum
fractionof partonin antiprotor) for differentvalues of E2 = Q?; (right) bl;_, Slopevs Q2

Q? dependence. In therangel®® GeV? < @? < 10* GeV?, wheretheinclusive E; distribution
falls by a factorof ~ 10%, the ratio of the SD/ND distribution increasesbut only by a factor of
~ 2. This resultindicatesthatthe Q? evolution in diffractive interactionss similar to thatin ND
interactions.

t-dependence. The slopeparameteb(Q?)|,_, of anexponentialfit to t distributionsneart = 0
shavs no Q? dependencin therangel GeV? < Q? < 10* Ge\~.

Theseresultssupportthe pictureof a compositePomerorformedfrom color singletcombina-
tionsof theunderlyingpartondensitiesof the nucleon(see[h]).

4.3 Exclusive Dijet Production

Exclusie productionin pp collisionsis of interestnot only for testingQCD inspiredmodels
of diffraction, but alsoasa tool for discorering new physics. The processhat hasattractedthe
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mostattentionis exclusive Higgsbosonproduction.The searchfor Higgsbosondgs amongthetop
prioritiesin theresearctplansof the LHC experiments.While the main effort is directedtoward
searche$or inclusively producedHiggsbosonsanintensanteresthasdevelopedtowardexclusive
Higgs production,p/p+ p — p/p+H + p. This Higgs productionchannelpresentseveral ad-
vantagesit canprovide cleaneventsin anenvironmentof suppressd QCD backgroundin which
the Higgs masscan accuratelybe measuredising the missingmasstechniqueby detectingand
measuringhe momentumof the outgoingprotonand(anti)proton.However, exclusive production
is hamperedy expectediow productionrates[fl]. As ratecalculationsaremodeldependenand
generallyinvolve non-perturbatie suppressiofiactor(s) it is consideregrudentto calibratethem
againstprocessefvolving the samesuppressiofiactors(s) but have higherproductionratesthat
canbemeasuredtthe Tevatron.Onesuchprocessess exclusive dijet productionwhich proceeds
throughthe samemechanisnasHiggs production,asshavn in Fig. B.

Figure5: Lowestorderdiagramdor exclusive dijet (left) andHiggs (right) produdion in pp collisions.

The searchfor exclusie dijetsis basedon measuringhe dijet massfraction, R;;, definedas
the massof the two leadingjets in an event, M;;, divided by the total massreconstructedrom
the enepy depositedn all calorimetertowers,M,.. The signalfrom exclusive dietsis expectedto
appearat high valuesof Rij: smearedyy resolutionandradiationeffects. Eventsfrom inclusive
DPEproduction,pp — p-+gap+ j j + X +gap, areexpectedo contrituteto theentireM; ; region.
Any sucheventswithin the exclusive M;; rangecontrikute to backgroundand mustbe subtracted

whenevaluatingexclusive productionrates.

The methodusedto extract the exclusive signalfrom the inclusive Rij distribution is based
on fitting the datawith MC simulations[10]. Two methodshave beenused. In the first one,
the POMWIG and ExHUME generatorsare usedfor simulatinginclusive and exclusive events,
respectiely; in the second,nclusive (exclusive) distributions are simulatedusingthe POMWIG
(DPEMC) program.Experimentallythe MC non-ecclusive dijet backgroundshapes checled by
astudyof high E; b-taggeddijet events,asquarkjet productionthroughgg — qq is suppressdin
LO QCD by theJ, = 0 selectiorrule asmq/Mjet — 0.

Figureg shavs measure;; distributionsplottedversusdijet massfraction. Onthe left, the
numberof eventswithin the specifiedkinematicregion is comparedwith fits basedon POMWIG
plus EXHUME distribution shapesandon theright with fits basecon POMWIGHDPEMC predic-
tions. Both approacheyield goodfits to the data. The suppressioriactorexpectedfor exclusive
b-taggeddijet eventsis checled with CDF datain Fig. 7. Within the quotederrors this result
validatesthe MC basedmethodfor extractingthe exclusive signal.
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Figure 6: Extractionof exclusive dijet produdion signal using Monte Carlo techriquesto subtractthe
inclusive dijet badgrourd: (left) dijet massfractionin data(points)andbestfit (solid line) obtaned from
MC eventsgeneatedusingthe POMWIG (dashe)l and ExHUME (filled) MC geneatorsfor inclusive and
exclusive events,respectrely; (right) the samedatafitted with POMWIG andexclusive DPEMC geneators.
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Figure 8: (left) Measuredexclusive dijet crosssectionsversusthe minimum E; of the two leadingjets
compaedwith ExXHUME andDPEMC predictionsyright) EXHUME hadronlevel differentialexclusive dijet
crosssectionvsersudijet massnormalizedto the CDF crosssectionsat left. The systematierrorsshaovn
arepropajatedfrom thosein the data;the EXHUME predictionshave compaablesystematiaincatainties.
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In Fig. § (Ieft), integratedcrosssectionsabose aminimum F_J'retly2 arecompareavith ExXHUME
andDPEMC predictions.Thedatafavor the ExXHUME prediction.ExHUME hadronlevel differen-
tial crosssectionsdae’“"/dMjj normalizedto the measurediatapointsof Fig. § (left) areshavn
in Fig. 8 (right) with errorspropagtedfrom the uncertaintiesn the data. Within the errors,the
goodagreementith the default ExXHUME predictionup to massesn the region of the standard
modelHiggs masspredictedfrom globalfits to electraveakdatalendscredenceo the calculation
of Ref.[H]. for exclusive Higgsbosonproductionatthe LHC.

4.4 Exclusive yy production

Excluswe yy productionin pp collisionsproceedghrougha lowestorderdiagramsimilar to
thatof Fig. B (right), but with the gluonsthat producethe Higgs replacedby y's. Therefore like
exclusivedijet productiongxclusive yy productioncanalsobeusedfor calibratingmodelsof Higgs
productionat hadroncolliders.

A searchfor exclusive yy productionhasbeenperformedon a sampleof eventscollected
by requiringa high E; electromagnetishaver in combinationwith alooseforward rapidity gap
requirement.n the dataanalysis the rapidity gap requirementvastightened andthe searchwas
narraveddown to eventswith two high E; photonshoverssatisfyingcertain“exclusiity” require-
ments.In adatasampleof 532pb ! totalintegrateduminosity, threeexclusive yy candidatevents
with E¥ > 5 GeVwerefoundwith notrackspointingto theelectromagneticlusters.As acheckof
therobustnes of therapidity gaprequirementCDF measuredhe crosssectionfor the purely QED
processp+ p — p-+ete” + p, whosecrosssectioncanbe reliably calculated. Twelve exclusive
ete” candidateeventswerefoundin the datawith an estimatedbackgrouncof 2.1j8:§, yielding
o(yy) = 0.14" 3 (stat) +-0.03(sysh pbando(ete ) = 1.6733(staf £ 0.3(syst) pb,whichagrees
with an expectationof 1.711+ 0.008 pb. For yy production,the backgroundestimateis not yet
completepasedn Ref.[9], thenumberof eventsexpectedn this datasampleis 1jf.

5. Summary

The diffractive programof the CDF Collaborationat the FermilabTevatron pp Collider has
beenreviewedwith emphasi®on recentresultsfrom TevatronRunll at,/s=1.96TeV.

Runl resultshave beenbriefly presentecgndtheir physicssignificanceplacedin perspectie.
Processestudiedby CDF in Run| include elasticandtotal crosssections soft diffractive cross
sectionswith singleandmultiple rapidity gaps,andhardsinglediffractive productionof dijet, W,
b-quark,andJ/¢ production,aswell ascentraldijet productionin eventswith two forward ra-
pidity gaps(doublePomeronexchange).The resultsobtainedsupporta picture of universality of
diffractive rapidity gap formationacrosssoft and harddiffractive processeswhich favorsa com-
positeover a particle-like Pomeronmadeup from color singletquarkand/orgluon combinations
with vacuumquantumnumbers.

Run Il resultson the xg; and Q? dependencef the diffractive structurefunction obtained
from dijet productionhave beenpresentedaswell ason the slopeparametenf thet-distribution
of diffractive eventsasa function of Q2. In the rangel(®® GeV? < Q? < 10* Ge\Z, wherethe
inclusive E; distribution falls by afactorof ~ 10%, theratio of SD/ND distributionsvariesby only
afactorof ~ 2, indicatingthatthe Q? evolution in diffractive interactionss similar to thatin ND
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ones;andthe slopeparam(—:‘telb(Qz)\t:0 of an exponentialfit to t distributions neart = 0 in the
rangel GeV? < Q? < 10* GeV? shaws no Q? dependenceTheseresultssupporta picture of a
compositediffractive exchange(Pomeron)madeup from the underlying partondensitiesof the
nucleon.

Resultson crosssectiondor exclusive dijet anddiphotonproductionhave alsobeenpresented
andtheir significancefor calibratingtheoreticalestimatedor exclusive Higgs productionat the
Large HadronCollider discussed.The exclusive dijet crosssectionwas measuredip to jet ET"
of 35 GeV. Whenexpressedasa functionof dijet massM;, crosssectionsup to massesf M;; ~
120— 140 GeV areobtainedwhich arein the region of the standardnodelHiggs massexpected
from globalfits to electraveakdata. A measurementf exclusive yy production,a processwhich
canalsobe usedfor calibratingHiggs productionmodels yieldedthreeeventscorrespondingo a
crosssectionin therangeof thatpredictedn Ref.[d].
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