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Motivation

 Diphoton final states are
a signature of many
interesting physics
processes
◆ H->γγ at the LHC

◆ LED

◆ SUSY

 Understanding of the
QCD production
mechanism is
prerequisite to searches
for new physics

 4-momenta of two photons
can be measured very
precisely, allowing for some
precision comparisons to
theory
◆ diphoton qT, sensitive to

initial state soft gluon
radiation

 There are potentially large
backgrounds, though, from
quarks and gluons
fragmenting into neutral
mesons which carry most of
parent parton’s momentum
◆ analysis strategy has to

reduce this background



Diphoton subprocesses



Theory comparisons

 We have compared our experimental results to
3 predictions
◆ DIPHOX

▲ fixed order calculation that contains all of the subprocesses
listed on previous slide at NLO except for gg->γγ

▲ with Carl Schmidt, we have calculated and incorporated the
NLO corrections for gg->γγ in DIPHOX for comparison with
our data

◆ ResBos
▲ direct contributions at NLO; fragmentation at LO

▲ …but also resums effects of soft gluon radiation

◆ Pythia
▲ LO parton shower program



Isolation

 To reduce background
from πo’s and η’s, we
have imposed an
isolation requirement on
the photon candidate
◆ ET in cone of radius 0.4

has to be less than 1
GeV/c

 Dramatically reduces jet
backgrounds, but also
has effect of significantly
reducing fragmentation
contributions



Analysis

 Trigger requires 2 photon
candidates with ET>12
GeV
◆ Requirement in offline that

ET>14 (13) GeV for harder
(softer) candidate

 Cuts
◆ |η|<0.9; fiducial cuts
◆ |zvertex|<60 cm
◆ HAD/EM <

0.055+0.00045xE
◆ no track pointing to EM

cluster
◆ no extra CES cluster

above 1 GeV
◆ CES χ2<20

CES χ2 test (<4) used for 
photon candidates below 35 GeV;
CPR test used above 35 GeV

207 pb-1 of data used;
of 889 candidates, 427+/-59 (stat)
are real photons

background determined on bin-by-bin
basis



Diphoton mass distribution

no gg

gg at NLO K-factor 
for gg is
large
(100%)

low mass
diphoton
production
useful for 
testing 
gg 
resummation

Pythia needs to be scaled by factor of 2

Note 
larger
DIPHOX 
prediction 



 Other diphoton variables

small qT, large Δφ: effects of gluon resummation evident
large qT, small Δφ: NLO fragmentation important

We need a full NLO resummed calculation. 

DIPHOX breaks down at low qT due to singularity; need to resum a la ResBos
ResBos does a better job in general at low qT due to gluon resummation
DIPHOX shows additional source of production at low mγγ, small Δφ and large qT

->NLO fragmentation



Cross sections

 Systematic errors
from
◆ selection cuts

◆ background
subtraction

◆ luminosity
determination



Summary

 We have measured diphoton production in Run
2 with 207 pb-1 of data
◆ best measurement of diphoton production to date

 Comparisons with theory indicate interesting
features which further data will help to pin down
◆ a full NLO resummed theory is necessary for

agreement with data in all kinematic regions

 Paper will have minor revisions and then be
(re)posted
◆ then Los Alamos
◆ then PRL

 Meanwhile more data will be incorporated into
the diphoton analysis


