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Prompt Photon Production at the Tevatron and LHC
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Abstract. Prompt photon production has been studied by the CDF and D@ experiments at the Fermilab Tevatron
collider in pp collisions at the centre of mass energyy$ =1.96 TeV and by the ATLAS experiment at LHC in

pp collisions atv/s =7 TeV. Measurements of the inclusive photon, inclusive photon plus jet, photon plus heavy
flavor jet, and diphoton production cross sections are discussed. The results are compared to the perturbative
QCD calculations and predictions from Monte Carlo generators.

1 Introduction background subtraction in order to measure the cross sec-
tion.

Prompt photons [1] are defined as photons produced in the

beam particle collisions and not originating from particle 2 Inclusive photon production cross

decays. They include both direct photons, which orig- section

inate from the hard interaction, and fragmentation pho- ) o

tons, which arise from the parton fragmentation. How- The ATLAS experiment has performed the preliminary
ever, application of photon isolation requirements substan/neasurement of the inclusive isolated photon cross sec-
tially reduce the contribution of fragmentation photons. tion in pp collisions aty's =7 TeV using 35 pb' of data

At the lowest order (LO) in pQCD, such events are pro- collected d_urmg 2010 [2]. The measurement covers the
duced primarily through the Compton scatterijgg— qy. ~ PSeudorapidity:f) rangesiy”| <1.37 and 1.52 |”| <2.37

In pp collisions at the Tevatron, annihilation contribution IN the transverse energy ranges4%7; <400 GeV. This

9 — gy dominates at high photon transverse momentum;upersedes the previous published measu.remenf[ [3] us-
() . Study of prompt photons, therefore, provide preci- ing 0.88 pb?! of data Whlqh covered t'he kinematic re-
sion tests of our theoretical understanding based on pQcr¥ion 15 E7 <100 GeV in threep” bins: [i”| <0.6,

as well as possible constraint on the relatively poorely0-6< 77l <1.37 and 1.52 [5”| <1.81. Both the measure-
measured gluon density of the proton since gluon is in-ments are fqund to_ be consistent within uncertainties in
volved at tree level in contrast to deep inelastic scatteringth€ overlapping region. In both analyses, the JETPHOX

(DIS) and Drell-Yan (DY) processes where gluon is in- Monte Carlo program [4] is used for the NLO predic-
volved only at a higher order. tions of cross section with fierent sets of parton distri-

bution functions (PDFs). The predictions with CTEQ6.6

Photons in final state may be an important sign of new . . :
articles andor physics beyond the Standard Model. Un- PDFs agree in all cases with the observed cross.sectmns
P for EZ >25 GeV, while forE]Y <25 GeV, the predicted

derstanding the QCD production mechanisms of photons ) . -
. o .__cross sections are higher than the measured ones. Similar
is, therefore, a prerequisite to searches for new physics

-fesults have been obtained with MSTW2008 and NNPDF

Prompt photon pro_ductlon cross section measurement 'i.o PDFs. The theoretical uncertainty is dominated by the
extremely challenging due to enormous background from ) . )
scale uncertainty (10%). From the experiemental side, the

jets fragmenting in leadi r rticularl low . N . .
jets fragmenting into a leading’ or », particularly at lo statistical uncertainty is negligible, the systematic uncer-

pr. Photons arising from the decay&ﬁfandq are largely _ tda\inty being dominated by the photon purity and photon
suppressed by the photon selection requirements appheefﬁciency estimations

to data, and especially by the photon isolation, since these
mesons are produced mainly within jets during fragmenta-
tion and are surrounded by other particles. Even after very3 Photon plus jet production cross

tight selection criteria, highly electromagnetic jets provide  gection

a formidable background due to their large cross section.

The two showers from the energeti€ or  decaying to  The ATLAS experiment has measured the production
two photons coalesce in the calorimeter and mimic singlecross section of an isolated photon in association with
photon shower. Consequently, they can not be rejected ofets in pp collisions at v/s =7 TeV based on 37 pb

an event-by-event basis and we must perform a statisticabf data [5]. Photons are reconstructed in tjterange
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In”| <1.37 with Ey >25 GeV. Jets are reconstructed in cross section in th&} <45 GeV, possibly suggesting the

the rapidity rangey'®| <4.4 with transverse momentum need for including higher order corrections in the theoret-
1% 520 GeV. A minimum separation &R > 1.0 in the ical calculations.

Pr

n, ¢ plane is required between the leading jet and the pho-

ton. The diferential cross section as function Bf is 4 Photon plus heavv flavor iet broduction

measured for three fierent rapidity ranges of the leading- P . y Jetp

jet: Iy <1.2, 1.X |y¥| <2.8, and 2.8 |y!¥| <4.4. For cross section

each rapidity COUQQUfat'On’ the same-sighy(® >0) and  gydy of direct photon production in association with a

opposite-signy’y'® <0) are studied separately. This sub- peavy quarkQ (b or c) provides information about the

division allows the comparison between data and theoryy, ¢ anqd gluon densities within the colliding hadrons [6].

predictions in configurations where the relative contribu- a¢ Pl <100 GeV, they are produced primarily through

tion of the fragmentation component to the cross sectiony,o Compton scat'tering proceg® — yQ, while at high

and the explored ranges of the incoming parton MOMEN-y " the dominant process is quark-antiquark annihilation

tum fraction x are dterent. Fig.1 shows data to theory oo ./, ,0Q. Measurement of + Q + X production

comparison for the two photon-jet angular configurations. .oss section is thus sensitive to tec and gluon PDFs

The NLO pQCD cross sections provided by JETPHOX are 5 the rate of gluon splitting to heavy quarks, which have
in fair agreement with the measurements considering the; pstantial uncertainties.

typical (10% to 30%) experimental and theoretical uncer-
tainties. As already observed in previous measurements of
inclusive photon production cross section at the LHC, the 35
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Figure 1. Experimental (black dots) and theoretical (blue line)

photon plus jet production cross sections, figf| <1.2 same-

sign (Upper) and opposite-sign (Lower) configurations. The ) )

black error bars represent the total experimental uncertainty. Thet-1 y+b-jet cross section measurement

blue bands show the total uncertainties on the theoretical pre- . .
dictions obtained with JETPHOX. Bottom graphs: ratio between The DO experiment has published the measurement of the

. . . ¥ : i
the measured and predicted cross sections. The blue band sho/gifferential cross sectionxtdpy for the inclusive produc-
the theoretical uncertainties while the error bars show the experlion of an isolated photon in association with-guark jet
imental uncertainties on the ratio. as a function ofp} using 8.7 fb! of data frompp colli-

sions at+/s =1.96 TeV [7]. The measurement considers
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central photons with rapiditieg”| <1.0) and 30< p} <
300 GeV as well as forward photons wittbXk |y?| < 2.5

photons. Fig.3 shows similar comparison for the CDF re-
sults. As can be seen that the NLO predictions agree with
and 30< p} < 200 GeV. Theb-quark jets are required data at lowp} but fail to describe for highep}. The re-

to havepr > 15 GeV and rapidity/®| < 1.5. The CDF  sults indicate a need for higher order perturbative QCD
experiment has also performed the preliminary measurecorrections in the largg] region, that is dominated by the
ment of they + b-jet cross section in the similar kinematic annihilation procesgg — yg (g — bb), and resummation
region for only central photons using 9.1 thof collison of diagrams with additional gluon radiation. The predic-
data [11]. The large data sample and more advanced phaions from thekr-factorization approach and Sherpa are in
ton andb-jet identification techniques lead to more precise better agreement with data. Fig. 3 also shows that after en-
measurements in the much extended kinematic region prehancing the rate af — bb splitting to twice, the PYTHIA
viously unexplored. In this analysis, there are two main predictions agree better with data in shape.

background sources: jets faking photons and light flavor

jets faking heavy flavor jgts. _The anallysis.a.tdopts two-stepy - y+c-jet cross section measurement

procedure for the determination lofiet identification. The

y+jet events are required to have at least one jet passingased on the same data set as used irythe-jet cross

the b-tagging selection to enrich the sample with heavy section measurement, DO [8] and CDF [11] have measured
flavor jets. The fraction ob-jet is determined from fitting  the differential cross sectiomrddpy. for the inclusive pro-

the invariant mass of tracks associated with the secondargluction of an isolated photon in association wittrquark
vertex (Msecvix) USing templates of jet flavors. jetas a function Ofﬁ- using 8.7 fb! of data. The measure-
ment is performed for photons within rapiditigg| < 1.0

CDF Run Il Preliminary and 30< p} < 300 GeV, while the-jet is required to have
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E! (GeV)
Figure 3. The measured fferential cross sections compared
with four theoretical predictions. The absolute comparisons are
shown in the upper plot and the ratios of data over the theory are

shown in the lower plot. The shaded area around the data points . L . .
indicates total systematic uncertainty of the measurement. Figure4. The ratio ofy +C-jet differential cross sections between
data and NLO predictions with uncertainties for the rapidity re-

gionsly”| < 1.0 (Upper). The uncertainties on the data include
. ...both statistical (inner error bar) and full uncertainties (entire er-
The measured cross sections are compared with

the NLO pQCD _calpulations as well as predictions ;Oi tt;ire)i p:ggugﬁl?nczigixergr?tlal cross sections for + cjet to
based onky-factorization approach [9] and those from

SHERPA [10] and PYTHIA Monte Carlo event genera-

tors. Fig. 2 shows the comparison of the measured cross The measured cross sections are in agreement with
sections by the DO with predictions for central and forward the NLO predictions within theoretical and experimental
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uncertainties in the region of 3& p; < 70 GeV, but 5 Inclusive diphoton production cross
show systematic disagreement for largér(see Fig.4 and section
Fig.5). The results suggest a need for higher-order per-
turbative QCD corrections in the largg region, which ~ Direct photon pair production constitutes a large and irre-
is dominated by the annihilation process — yg (with ducible background in the study of Higgs boson decaying
g — cc), and resummation of diagrams with additional into a pair of photons and in searches for new phenomena,
gluon radiation. In addition, the underestimation of the such as new heavy resonances, extra spatial dimensions or
rates for diagrams witly — cc splittings may result in ~ cascade decays of heavy new particles. In addition, dipho-
lower theoretical predictions of cross sections. The pre-ton production provides important check of the validity of
diction from thekr-factorization approach and Sherpa are PQCD predictions and soft-gluon resummation methods
in better agreement with data . implemented in theoretical calculations.

The DO experiment has also measured the ratio of dif-
ferential cross sections for+ c-jet toy + b-jet production

in bins of pf. In this ratio, many experimental system- T | D.L=85f" ©
atic uncertainties cancel. Also, theory predictions of the s . y
ratio are less sensitive to théfects from missing higher- 2 102
: o x F
order terms that impact the normalizations of the cross sec- g
tions. Fig.4 shows the data to theory comparison for the B 1
ratio. There is good agreement with NLO, SHERPA and © F
PYTHIA predictions in the region 36 p} < 70 GeV, 101
while, at highemp}, data show systematically higher ratios
wherekr-factorization starts agreeing with data within un- <
certainties. The results are also compared with predictions g
with two intrinsic charm models. The BHPS model [12] %
agrees with data at larger’. °
o
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f_é ]
% e The DO experiment has performed the measurements
8% of of photon pair production cross sections using 8.5
%0 100150 200 Evr(’(Ge\%’o fb-! of data [13]. The results are presented aeden-

Figure 5. The measured ffierential cross sections compared tlal_ distributions of photon pair 'Wanalnt mass (M, ,

with four theoretical predictions. The absolute comparisons arePar transverse momentunorddp;’, azimuthal angle be-

shown in the left plot and the ratios of data over the theory aretween the photons do/dA¥%, and polar scattering angle

shown in the right plot. The shaded area around the data pointén the Collins-Soper frame«d/d|cosd’|. Measurements

indicates total systematic uncertainty of the measurement. are performed for isolated photons with transverse mo-
mentap; >18 (17) GeV for the leading (next-leading)
photon inp}, |y*| < 0.9, and a separation ip-¢ space
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AR,, >0.4. The analysis splits the data into two subsets, The ATLAS experiment has also measured these dif-
A¢,, > m/2 andA¢,, < /2 to isolate regions with smaller ferential cross sections ipp collisons at+/s =7 TeV
and larger relative contributions from the fragmentation based on about 5 fb of data [14]. The measurement
process. The measurements are compared with the preequires two isolated photons withy >25 (22) GeV,
dictions DIPHOX, RESBOS ,7NNLO , and SHERPA. in the acceptance of the electromagnetic calorimeter (
Fig. 6 shows the comparison of the measured spectra alg”| <1.37 and 1.5247”| <2.37) and with an angular sep-
a function ofA¢”” and p}” with the predictions. Overall, arationAR,, >0.4. Rather good agreement is found with
SHERPA has been found to provide the best agreemenionte Carlo generators, after rescaling the PYTHIA and
of the measurement cross sections. The results show disSHERPA distributions by a factor of 1.2 in order to match
crepancies with all theoretical predictions in the regions ofthe integrated cross section measured in data and the fixed
smallA¢,, and small diphoton mass faw,, > x/2 with order calculations (see Fig. 7). All generators tend to un-
minor differences in the shapes of tleess*| distribution. derestimate the data at larg®ss*|. SHERPA performs
rather well for most dierential spectra except for high
T m,,. DIPHOX+Gamma2MC fails to match data at low
— p?” andA¢,, ~ 7 since it lacks resummation of soft-gluon
., §§§::‘:Zl;c{i:ff.f:;;smm) emissions. Everywhere else DIPH®&amma2MC is
4 svEreawclLe « 12 (CTEGRLY missing NNLO contributions and clearly underestimates
the data (see Fig. 8). With the inclusion of NNLO terms,
2yNNLO is able to match data very closely within uncer-
tainties, except in limited regions where the fragmentation
component - neglected in RINLO calculation - is still
significant.
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