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ABSTRACT

We presentameasurementofthecrosssectionforproductionoftwoisolatedprompt
photonsin_p collisionsatV_ = 1.8TeV.The crosssection,measuredasa function
oftransversemomentum (PT)ofeachphoton,isroughlythreetimeswhatfullQCD
calculationspredict.CalculationsthatonlyincludetheBornand box diagrams,
whicharecommonlyusedtoestimatethepromptdiphotonbackgroundtoHiggs
decayatfuturehadroncolL;ders,arelowerthanourmeasurementbyroughlyafactor
offive.We alsostudyvariablessensitivetoKT: thetransversemomentum ofinitial
statepartons.The vectorsum ofthetransversemomenta ofbothphotons,KT =

I/3Tl + PT21, is compared to previous measurements at lower collision energies,
and we find a roughly logarithmic increase with V_. The measured mean value is
< KT >= 5.14-I.IGeV atv/_= 1.8TeV.

1. Introduction

According to Quantum Chromodynamics (QCD), there are three types of
processesthat contributesignificantlyto diphoton production:the Born process

(q#"" 77),the box process(gg --,77),and bremsstrahlungprocesses(e.g.qg --,77q)

shown in Fig. la. Diphotons, generallyused to study QCD and measure KT, are

alsoa background to a Higgs signal(H _ 77) at futurehadron colliders.

2. Event Selection and Background Subtraction

To identifydiphotons we use the CDF centralelectromagnetic(EM) and

hadronic (HAD) calorimetersand the centralEM stripchambers (CES) embedded

insidethe EM calorimeternear shower rnaz.imum.In 1989 an integratedluminosity
of 4.3 pb -t was accumulated with a triggerthat requiredtwo clusterswith EM

transverseenergy greaterthan 10 GeV each.For each photon candidate,we required

the lateraland longitudinalenergy depositionin the calorimeterbe consistentwith

a photon. Identicalto the singlephoton analysis,l we requiredthere be no track

pointingat ateach photon candidate,and withinthe boundariesofeach EM cluster,

associatedthe highestenergy CES clusterwith the photon and requiredtherebe

no other CES clusterswith greaterthan 1 GeV. Also,each photon had to be within

the CES fiducialarea and in the pseudorapidityinterval[)/[< 0.9and have PT in

the range 10 < Pr < 35 GeV. An isolationcut requiredthe totaltransverseenergy

* CDF Institutions: ANL, Bologna, Brandeis,UCLA, Chicago,Duke, Fermilab,Frucati, Harvard,Rlinois,
IOPP, Johns Hopkins,KEK, LBL, MIT, MSU, Michisan, New Mexico,Osaka,Padova, Pennsylvania,Pisa,
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Figure 1:a) Leading diagrams for isolated 77 production, b) Neutral EM clustersin diphoton
candidate events (open circles) are less isolated than true diphotons after background subtraction
(triangles) but show sn excess of isolated events when compared to a background simulation (solid
histogram) normalised to the data to the right of the arrow, c) The cross section for p_oducing s
photon in a bin of PT in a diphoton event is compared to QCD predictions. Each photon is counted
once. Inner error bars are statistical; outer error bars include systematic uncertainties also.

in towers bordering the EM cluster be less than 10% of the EM cluster transverse

energy. The isolation of each photon candidate, shown in Fig. l b, displays this
cut and suggests the presence of diphotons above the background. To subtract

the background, predominantly from _.0 and r/ mesons, we use the CES profile
method employed by the single photon analysis. The difference between rbe narrow

transverse profile of photon induced EM showers, and the broader transverse profile
of the background, is used to measure the fraction of diphoton candidates that are
signal (37% for photons in the range 10 < Pt < 19 GEV).

3. Diphoton Production Cross Section

In Fig. lc the diphoton cross section is compared to a full QCD calculation _

to order a2a,, which includeslowestorder Born, box and bremsstrahlungprocesses
and most next to lowestorder (NLO) processes.The CDF diphoton crosssection
isroughly three times what the fullQCD calculationpredicts.Also shown is an

analyticleadinglog calculation(which includesthe Born, box and brems_trahl.ng

processes)and an analyticcalculationof the Born plusbox processesalone,2 and

forcomparison both thesecalculationsaxerepeatedusingthe Monte Carlo program

PYTHIA. _ Calculationsthat only includethe Born and box diagrams, which are

commonly used to estimatethe prompt diphoton background to Higgs decay at
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Figure 2: The correlation of the two photons is shown by the cross section versus a) the vector

sum of the transverse momenta KT = [-_Tt+ PT_I, b) the PT balance B = PT2/PT1, and c) the
azimuthal angular separation A_ = _2 - _I. The solid curve is PYTHIA normalised to the data.

d) The mean value of KT versus coUision energy measured in diphoton events at CDF, UAI s and

WA70, 6 and in high mass dimuon events at the ISR. 7 The data is fit with < KT >= a + bi.riVe.

future hadron colliders, are too low by roughly a factor of five. Ali calculations
include the isolation cut and use HMRSB parton distributions. 4 Fig. 1c shows there
is some uncertainty in the size of the lowest order 6remsstrahlung process, which is
smaller in the analytic calculation than in PYTHIA. The differences between the
Born + box analytic calculation and PYTHIA are primarily due to KT effects.

4. Study of Initial State KT

Accor.ding to QCD the transverse momentum of initial state partons, KT,
comes predominantly from emission of soft gluons prior to the hard collision. In
Fig. 2 we present measurements of three distributions sensitive to initial state KT.
Ali of the measurements agree with PYTHIA, using the Born and box diagra_ns
only, which effectively sums up the initial state gluon bremsstrahlung via backwards
shower evolution. Full qCD calculations to order a2a,, according to reference, 2 are
not expected to agree with the measurements because they do not resum aLIthe soft
gluon radiation. However, the mean value of KT is quite large, < KT >= 5.1 ± 1.1
GeV is the mean of the data in Fig.2a, and < KT > increases roughly logarithmically
with collision energy as shown in Fig. 2d. This KT, which is often not adequately
included in QCD calculations, can affect PT distributions in hadronic collisions.
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