
10 9 Summary

The integrated cross sections obtained from the calculation are consistent with the measure-
ments within the experimental and theoretical uncertainties.

The differential cross-section measurements as functions of mγγ, ∆ϕγγ, pT,γγ, and |cos θ∗| for
the two pseudorapidity ranges are shown, along with the theoretical predictions, in Figs. 3 to
10. The 4% uncertainty on the integrated luminosity is not included in the error bars. The val-
ues of the cross sections are given in Tables 2 to 5. As can be seen in Figs. 7 and 8, the theoretical
predictions underestimate the measured cross section for ∆ϕγγ . 2.8. In the leading-order (LO)
diagrams of gluon fusion and quark-antiquark annihilation 2 → 2 processes, the two photons
are back-to-back because of momentum conservation. Therefore, the LO term does not con-
tribute to this phase space region, which thus only receives contributions from NLO terms for
both the direct and fragmentation diphoton production processes.

The contribution for ∆ϕγγ . 2.8, combined with the requirements of ET > 20 and 23 GeV on
the two photons, is responsible for the shoulder around 40 GeV in the diphoton differental pT
distribution of Figs. 5 and 6. This contribution also populates the region below 30 GeV in the
diphoton mass distribution shown in Figs. 3 and 4. In these two regions of the pT,γγ and mγγ

spectra, the theoretical cross section is lower than the measurement, consistent with the deficit
for ∆ϕγγ . 2.8.

Comparison of the measurements of the |cos θ∗| spectra with theoretical predictions, shown in
Figs. 9 and 10, reveals an underestimation from the theory at large |cos θ∗| values, which is more
significant for the central rapidity range (|η| < 1.44). Similar discrepancies have previously
been observed in diphoton production at hadron colliders [5, 8, 37] as discussed in Ref. [38].

Table 2: Measured diphoton differential cross section as a function of mγγ for the two photon
pseudorapidity ranges, with statistical (stat.) and systematic (syst.) uncertainties.

dσ/dmγγ [pb/GeV]
mγγ [ GeV] |η| < 1.44 |η| < 2.5

stat. syst. stat. syst.
0−30 0.0299 ±0.0071 +0.0069 −0.0086 0.050 ±0.013 +0.014 −0.024

30−40 0.061 ±0.030 +0.015 −0.018 0.127 ±0.049 +0.035 −0.061
40−45 0.097 ±0.088 +0.020 −0.020 0.28 ±0.17 +0.06 −0.07
45−55 0.77 ±0.12 +0.06 −0.05 1.40 ±0.20 +0.14 −0.12
55−65 0.70 ±0.10 +0.05 −0.04 1.43 ±0.18 +0.10 −0.09
65−80 0.408 ±0.059 +0.030 −0.031 0.80 ±0.11 +0.07 −0.06
80−100 0.175 ±0.031 +0.013 −0.012 0.365 ±0.063 +0.041 −0.037

100−140 0.070 ±0.012 +0.003 −0.003 0.142 ±0.028 +0.020 −0.018
140−200 0.0102 ±0.0035 +0.0007 −0.0006 0.054 ±0.015 +0.006 −0.006
200−300 0.0022 ±0.0011 +0.0001 −0.0001 0.0084 ±0.0060 +0.0023 −0.0019

9 Summary
The integrated and differential production cross sections for isolated photon pairs have been
measured in proton-proton collisions at a centre-of-mass energy of 7 TeV, using data collected
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