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This article reports a measurement of the cross section of prompt isolated photon pair production
in pp collisions at a total energy/s = 1.96 TeV using data of 5.36 fo' integrated luminosity
collected with the CDF Il detector at the Fermilab Tevatron. The measured cross section, dif-
ferential in basic kinematic variables, is compared with three perturbative QCD predictions, a
leading order (LO) parton shower calculation and two next-to-leading order (NLO) calculations.
The NLO calculations reproduce most aspects of the data. By including photon radiation from
quarks before and after hard scattering, the parton shower prediction becomes competitive with
the NLO predictions.
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The measurement of the production cross section of two efiergelated central photons
(diphotons) in high energy hadron collisions is important for testing standard model predictions
in the domain of searches for undiscovered particles and new physics. The reported measurement
[1] was conducted using data of total integrated luminosity 5.36 ftollected with the Collider
Detector at Fermilab (CDF) at the Tevatrpip collider. The background frony+jet and dijet
events, where one or two jets are faking a photon, is subtracted using the track isolation as the
discriminant between signal and background.

The results of this measurement are compared with three calculations: (i) the fixed NLO pre-
dictions of theDIPHOX program including parton fragmentations into photons, (ii) the predictions
of theRESBOSprogram where the cross section is accurate to NLO, but also has an analytical ini-
tial state soft gluon resummation with a next-to-next-to-leading-log (NNLL) accuracy, and (iii) the
predictions of theeYTHIA program which features a realistic representation of the physics events
by including parton showering, initial (ISR) and final state radiation (FSR) and an underlying event
model [2]. Diphoton events were selected from an inclugiveX PYTHIA sample (%y or jet),
thus including theyq — yy andgg — yy processes (56%) as well as th@— gyY.s, 99 — AYYer
andgqg — qyy.., processes (44%). This type of calculation effectively resums the cross section for
gluon and photon radiation both in the initial and the final state with a leading-log (LL) accuracy.

Fig. 1 shows the comparison between the measured and predicted diphoton cross sections
as functions of the diphoton invariant masgs the diphoton transverse momentutn and the
differenceAg between the azimuthal angles of the two photons in the event. The shaded area
around the data points indicates the total systematic uncertainty of the measurement. While the
PYTHIA direct calculation yy) fails to describe both the scale and shape of the data, including
radiation brings the prediction in fair agreement with the data. Discrepancies between data and
theory are observed in the mass spectrum below the peak at 30%GeMbePr spectrum between
20 and 50 GeV/c, and most prominently in the spectrum. FoA@p>2.2 rad, where soft gluon
processes are expected to manifestRbBesosprediction agrees better with the data. In the range
1.4 radkA@p<2.2 rad only theeYTHIA yy+ yj prediction describes the data and remains closest to
the data down to 1 rad. Fdyg<1 rad all three predictions are lower than the data, although the
DIPHOX prediction, by explictly including non-perturbative fragmentation, lies closer to the data.

In summary, the diphoton production cross section, differential in kinematic variables sensitive
to the reaction mechanism, is measured using data corresponding to an integrated luminosity of
5.36 fo! collected with the CDF Il detector. The results of the measurement are compared with
three state-of-the-art calculations, applying complementary techniques in describing the reaction.
All three calculations, within their known limitations, reproduce the main features of the data, but
none of them describes all aspects of the data. The inclusion of photon radiation in the initial and
final states significantly improves tier THIA parton shower calculation.
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Figure 1: The measured differential cross sections compared with three theoretical predictions discussed
in the text. Left: absolute comparisonsRight: fractional deviations of the data from the predictions.
Fractional deviations fopYTHIA refer to theyy + yj calculation.





