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Isolated Photon Cross Section in the Central and Forward Rapidity Regions ipp Collisions
at/s = 1.8 TeV
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A measurement of the cross section for production of single, isolated photons is reported for
transverse energies in the range of 10-125 GeV for two regions of pseudorapiditg, 0.9 and
1.6 < |n| < 2.5. The data represen.9 pb~! of integrated luminosity accumulated#p collisions at
/s = 1.8 TeV and recorded with the DO detector at the Fermilab Tevatron Collider. The background,
predominantly from jets which fragment to neutral mesons, is estimated using the longitudinal shower
shape in the calorimeter. In both pseudorapidity regions the cross section is found to agree with the
next-to-leading order QCD prediction f80 < E; < 80 GeV. [S0031-9007(96)01874-1]

PACS numbers: 13.85.Qk, 12.38.Qk
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Direct photon production probes the parton-parton ingions. (The inefficiency is due to photon conversions and
teraction without the ambiguities associated with jet iden-overlaps with charged tracks from the underlying event.)
tification, fragmentation, and energy measurement. IiIThe cluster was required to have a shape consistent with
pp collisions at./s = 1.8 TeV, the dominant mode of that of a single EM shower, to have more than 96% of its
product|on for photons with low transverse enerfly  energy in the EM section of the calorimeter, and to be iso-
is through gluon Compton scattering. The cross sectiofated using a cut on the transverse energy in the annular
is thus sensitive to the gluon distribution in the protonregion betweerR = \/An2 + A¢2 = 0.2andR = 04
(and antiproton) at low momentum fractiorsas low as  around the clusteEX="* — EX=02 < 2 GeV. Finally,

x ~ 1073 for ET = 10 GeV and pseudorapidity = 2.5  the missing transverse energy of the event was required to
(m = —Intang, whered is the polar angle with respect to be less than 20 GeV to reject electrons frém— ev de-
the proton beam). cays and events with large amounts of calorimeter noise.

Previous collider experiments, including UA2 [1] and The ef'ficiency of these last three cuts was estimated as a
CDF [2], have reported an excess of photons at lowfunction of E; using a detailed Monte Carlo simulation of
E7 (=30 GeV) compared with the next-to-leading order the detector and verified usnﬂg—» ee events. Its value
(NLO) QCD prediction. This may be explained by is0.92 + 0.03 (0.77 = 0.06) atE; = 40 GeV for central
additional gluon radiation beyond that included in the(forward) photons.

NLO calculation [3], or by modified parton distributions  The prompt photon signal suffers from copious back-
and fragmentation contributions [4]. grounds due ter® andn mesons produced in jets. While

This Letter presents the first measurement of the crose bulk of this background is rejected by the selection
section for production of isolated photonszip collisions  criteria (especially the isolation requirement) substantial
at \/s = 1.8 TeV with pseudorapidityl.6 < |n| < 2.5,  contamination remains, predominantly from fluctuations
and a new measurement of the isolated photon croga jet fragmentation which lead to a single meson carry-
section in the central regiain| < 0.9). ing most of the jet energy. For meson transverse ener-

Photons are identified in the DO detector [5] usinggies above about 10 GeV, the showers from its two decay
a uraniunfliquid argon sampling calorimeter housed in photons coalesce and mimic a single photon shower in the
a central and two forward cryostats. The calorimetergalorimeter.
cover the region ofly| =4 and have electromagnetic ~ The fraction of the remaining candidates which are
(EM) energy resolutiorvg/E =15%//E(GeV)®0.3%.  genuine direct photons (the puritf?) was determined
The EM section is segmented longitudinally into fourusing the energye; deposited in the first layer (EM1)
layers (EM1-EM4) of 2, 2,7, and 1%}, and transversely of the calorimeter. Since neutral meson decays produce
into towers in pseudorapidity and azimuthal angleg X  two photons the probability that at least one of them
A¢p=0.1X0.1 (0.05 X 0.05 at shower maximum in undergoes a conversion to ahe~ pair in the calorimeter
EM3). The central and forward drift chambers in front cryostat and first absorber plate is roughly twice that for
of the calorimeter allow photons to be distinguisheda single photon. Meson showers therefore start earlier
from electrons and photon conversions by ionizationthan photon showers leading to larggi. A typical
measurement. distribution of logo(E|/E1) is shown in Fig. 1. The

The data presented here represkn® + 0.7 pb~! of  distribution is fit as the sum of a photon signal ptz8
integrated luminosity recorded during 1992-1993. Theand » meson backgrounds. Fitting was done separately
detector used a three-level triggering system. The firstor the central and forward samples for eagfi bin,
level used scintillation counters near the beam pipe taising x> minimization, and constraining the fractions
detect an inelastic interaction; the second level summedf signal and background to lie in the range [O,1].
the EM energy in calorimeter towers of side) X A¢ =  The results presented use a production ratiaypfr® =
0.2 X 0.2. The third level was a software trigger in which 1.0 [6], but all values between 0.50 and 1.25 give
clusters of calorimeter cells were formed and loose cutgssentially indistinguishable results f@. The Monte
made on shower shape. Carlo calculation combines a detailed simulation of the

Candidate clusters were accepted within the regionsalorimeter with overlaid minimum bias events from data
[p] <0.9 and 1.6 <|n|<2.5in order to avoid calorime- to model noise, pileup, and the underlying event. Its
ter boundaries; in the central region they were also reability to correctly model theE;/E.; distribution has
quired to be more than 1.6 cm from azimuthal modulebeen verified using electrons froli — ev events taken
boundaries. The event vertex was required to be withitwith the same trigger requirements.

50 cm of its nominal positions. The resulting acceptance The combined statistical and systematic error on the
is A=0.73+0.01 (0.86 = 0.01) in the central (forward) purity P at eachE; point was estimated by inflating by
regions. To identify photon candidates, no drift chamber/y 2 the error on® given by the fit. The factor of/ x2
tracks were allowed withilé X A¢ =~ 0.2 X 0.2 radi- accounts for systematic differences between the Monte
ans between the calorimeter cluster and the primary ver€arlo distributions and the data; it was typically 1.3 (1.6)
tex. The efficiency of this requirement was estimated tdn the central (forwar 2 region. The photon purities were
be0.85 £ 0.01 (0.61 = 0.03) in the central (forward) re- then corrected by th&;-dependent efficiencies and fit to
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103, results, but has larger statistical errors, and therefore was
i not used in the fit.
The differential cross sectia#? o /dE; dn is plotted as
a function of E} in Fig. 3. The NLO QCD calculation
was generated using a program due to Baer, Ohnemus,
and Owens [7] which includey + jet, y + dijet, and
dijet + bremsstrahlung final states. In the latter case a
collinear jet was created with the remaining jet energy,
so that the isolation cut could be modeled. In all cases
the parton energies were smeared using the measured DO
EM and jet resolutions. The isolation cut is imposed by
rejecting events with a smeared gt > 2 GeV within
R = 0.4 of the photon. (Use of smeared photon and jet
energies changes the QCD prediction by less than 4%).
‘ P The CTEQ2M parton distributions [8] and renormaliza-
_; _3_5* YT “'_()"5' 0 tion scaleu = E; were .usgd. 'If instead the CTEQ2MF
10G(E /E o1a)) or CTEQ2MS parton distributions were used, or scales
o y of u = 2E; or E; /2 were employed, then the predicted
FIG. 1. Distribution of logy(Ei/Ew) for Er =40 = ross section changes b56%.
5 GeV central photon candidates (solid points), and the fitted? O
distribution (solid curve) made up of Monte Carlo photons Figure 4 showso, — o)/o; whereo, ando,are, re-
(dashes)s? (dots), andy mesons (dot-dashed curve). Th&  spectively, the experimental and theoretical values of the
and n meson distributions at small lQdE,/E...1) fluctuate  differential cross sectiodza/dE%dn. The shaded band
due to limited Monte Carlo statistics. in Fig. 4 shows the magnitude of the combined system-
atic error, the quadratic sum of the uncertainties from the
the form: acceptancé~1%), the trigger and selection efficiencies
4 —(a+bED) (3%—5%), the photon purity (Fig. 3), the luminosity (5%),
P=1-¢ : (1) andthe EM energy scale of the calorimeter (1% in the cen-
The data points, fits, and fit errors f@ are shown in tral, 4% inthe forward region). Inboth central and forward
Fig. 2. regions, the measured cross sections are in good agreement
The purity estimation was checked with a secondwith the NLO QCD prediction for moderate transverse en-
independent method, using the material between thergies,30 < Er < 80 GeV. The data points lie above
interaction point and the central or forward drift chamberthe NLO QCD prediction at lower transverse energies, but
(CDC or FDC) as a converter. Conversions are identifie@iven the magnitude of the systematic error no strong con-
as tracks with twice minimum ionizing deposition in clusion can be drawn. At the highest transverse energies
the CDC or FCD. The second method gives consistent

Events
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FIG. 3. The isolated photon cross sectiop = d%o /eEfdn
FIG. 2. Efficiency-corrected photon purity?) vs E; for as a function of photon transverse eneigy, for central (cir-
central and forward photons. The solid lines show fits of thecles) and forward regions (squares). The errors are statistical
form 1 — e~“@™£r) and the dashed lines indicate the range ofonly. The NLO QCD calculated cross sections are also
uncertainty thereon. shown.
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g E NLO QCD, CTEQ2M, p = E! the exception of the_Iuminosity uncertainty Which can-
) Im<0.9 cels. The data are in reasonable agreement with NLO
t';>0,5 ¢ QCD given the magnitude of the systematic error. This
- ++, ‘ ratio, which exploits our uniqgue measurement of the for-
0 froereeees ¢ *—--«90.43#--4»»;»-4’ ------------------ ward photon cross section, provides a new constraint on
o ¢ ‘ the gluon distribution, especially for = 0.03 where the
0sE temati derate. While not being suffi
- 1o Systematic Error systematic errors are moderate. ile not being suffi-
- #%MWMMWMWMMMMM_; ? ciently precise to distinguish, by itself, between modern
3 1.6<[n|<25 parametrizations of the gluon distribution, this measure-
g ment complements previous ones and provides additional
05 o information for the extraction of parton distributions by
; D¢| .y .
of ¢ﬁﬁgﬁﬁm%%¢ﬁ ,,,,, *% + ,,,,,,,,,,,, global_ fl_ttlng of data. yA more complete understanding of
E o e + the origin of the lowE7 behavior of the photon cross sec-
05 F 7/ ' tion is probably needed before information on the gluon
//MMZfZﬁfQZQQéQQZEQGﬁZéZS%%QSZQtf%eQr/nﬂﬂa%tﬁlﬂcﬂEﬂerOMQZQZZMM distribution at loweix can be extracted.
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