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ETH Zürich

11/02/2011

Nicolas Chanon H → γγ sensitivity studies using RooStats 1 / 7

1



H → γγ sensitivity studies using RooStats

H → γγ W.G. meeting
H → γγ W.G. meeting
Nicolas Chanon, ETH
Grégory Schott, KIT

Hugues Brun, Suzanne Gascon-Shotkin, Morgan Lethuillier, IPNL

ETH Zürich
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Introduction

Outline :
I - Inclusive photon cross-section measurement
! - Combined isolation method

- Photon conversion method
- Results

II - Diphoton cross-section measurement 
! - Electromagnetic isolation method

- Results
2

-γ+X and γγ+X cross-section measurements probe our knowledge 
of perturbative QCD

-Photons constitute a clear signature for new physics searches : 
H→γγ, gravitons, supersymmetry, excited fermions. γ+X and γγ+X 
processes are background for those rare processes
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CMS detector
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Photon reconstruction and 
selection

Outline
Introduction

CMS projected sensitivity to H → γγ channel
ECAL Calibration

Electromagnetic energy deposits commissioning
Conclusions

“Supercluster” commissioning
Photon commissioning
Photon identification
Converted photons

Electromagnetic energy deposits commissioning (CMS
NOTE-2010/012, PAS-EGM-005)

Energy deposits in ECAL crystals are agregated in superclusters.

Barrel : use a 5 crystal window in η around the most energetic crystals and a variable
window in φ (designed to recover bremsstrahlung photons and photon conversions)

Endcap : merge contiguous 5 × 5-crystal matrices around the most energetic crystals.
Preshower energy is included.

Energy is corrected for various effects : lateral leakage, ET -dependance of

bremsstrahlung and conversion processes, material budget in front of the ECAL

Nicolas Chanon Photon commissioning in CMS at
√

s = 7 TeV 7 / 12

Photons are reconstructed with energy deposits in ECAL crystals
- Barrel : take advantage of the 3.8 T magnetic field which bends the 

charged particles trajectory (in case of a photon conversion)
- Endcap : merge contiguous 5 × 5-crystal matrices around the most 
energetic crystals

4
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Photon identification :
- Electron rejection : the energy deposit should not be matched 

to hits in the pixel detector
- The transverse shape of the energy deposits in ECAL should 

be compatible with a single photon shower
- Isolation : in a cone ΔR<0.4 around the photon, use ∑ET of 

energy deposits in ECAL, HCAL and ∑pT of the charged 
particles measured in the tracker

- Huge background of boosted neutral mesons decaying to two photons, reconstructed 
as a single one

- After identification, need to statistically subtract the background component
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Inclusive isolated photon 
production

γ

γ

qq̄ → qq̄

pT pT > 15

nb−1

- Prompt photons are produced 
via quark annihilation, quark-gluon 
compton scattering and via parton 
to photon fragmentation

CMS PAPER QCD 10-037
- Update of the first measurement made with 2.9 pb-1 in the range |η|

<1.44 (Phys. Rev. Lett. 106, 082001, 2011) with the full 2010 dataset : 
36 pb-1

- Extend the measurement to forward region : 4 η bins, up to |η|<2.5
- ET range extended to 25-400 GeV
- Two complementary methods combined : photon conversions and 

isolation energy measured in the calorimeters and tracker, used to 
extract the signal yield 5
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Photon conversion method :
competitive at low ET
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Extract the signal yield with a binned likelihood fit :
- Signal and background pdf from Monte-Carlo
- Signal shape uncertainties : vary peak mean and width
- Background shape uncertainties : estimated from isolation and cluster shape 

sidebands in data

Use the variable ET/pT : 
- ET  transverse energy measured in ECAL, 
- pT transverse momentum of the e+/e- pair measured in tracker.

ET/pT ~1

 ET/pT >1

6

Reconstructing conversions
Here we use the ECAL-seeded conversion 
reconstruction.

• ECAL information can be used to seed a 
track-finding designed specifically to 
reconstruct conversion tracks.

• In the first step, we look for hits in the 
outer tracker layers which are consistent 
with an ECAL supercluster.  Tracks are built 
by looking inward and collecting hits.

• In the second step, we assume the 
innermost hit of the first track is the 
conversion vertex, and look outwards for 
hits from the second track.

• Track pairs are fitted to a common vertex 
imposing the constraint that they are 
parallel at the vertex, and the tracks are 
refit with the vertex constraint.

4

Monday, May 23, 2011
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Isolation method :
competitive at high ET

- Use ISO, the sum of the isolation energies 
measured in the ECAL, HCAL and tracker

- Signal photons have ISO close to 0

Extract the signal yield with an unbinned likelihood fit :
- Signal and background pdf estimated from Monte-

Carlo and controled with data
- Signal shape corrected for data / Monte-Carlo 

difference in Z→ee events
- Background shape controled with cluster shape 

sidebands in data
- Uncertainties assessed with toy experiments 

(parameters varied within systematics)

Isolation

TRK HCALECAL

!

jet

! π0 accompanied by other particles

! Isolation ∆R =
√

∆η2 + ∆φ2

" IsoTRK = ∑ pT in tracker

" IsoECAL= ∑ ET in ECAL

" IsoHCAL= ∑ ET in HCAL

! Low value of H/E identifies photons

! Suited for use an electron control sample

Variable Rout Rin ∆η
IsoTRK 0.4 0.04 0.015
IsoECAL 0.4 3.5 crystals 2.5 crystals
IsoHCAL 0.4 0.15 -

H/E 0.15 - -

"#

#

$

R

Rout

in

S.Ganjour Approval QCD-10-037 12
7
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Signal selection efficiency

Selection efficiency :
εtrig x εreco x εID

- Trigger : one photon candidate with ET > ETthreshold,
raising with instantaneous luminosity periods, 

efficiency > 99% . εtrig ~ 100%, (Z→ee events in data)

- Reconstruction : εreco ~ 99% (simulation)

- Identification εID: 
 # - Cluster shape, isolation: measured with Z→ee 
# events in data, corrected for photon/electron 
# difference
# - Pixel hit veto: uses Z→μμγ events in data
# - Conversion selection: uses isolation method 
# applied before and after conversion selection in data

Conversion
method

Isolation
method

8
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Systematic uncertainties :

Conversion method : 
biggest uncertainty from 
conversion efficiency, 
estimated conservatively 

|η|<0.9

2.1<|η|<2.5

Conversion

Isolation Isolation

|η|<0.9For isolation method, 
the biggest uncertainty 
comes from the signal 
and background shapes

Conversion
2.1<|η|<2.5

9



H → γγ sensitivity studies using RooStats

H → γγ W.G. meeting
H → γγ W.G. meeting
Nicolas Chanon, ETH
Grégory Schott, KIT

Hugues Brun, Suzanne Gascon-Shotkin, Morgan Lethuillier, IPNL

ETH Zürich
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Isolated prompt photon cross-section

10 8 Results

Table 4: Isolation method: raw signal yields. The uncertainty on the yield is the statistical
uncertainty from the extended maximum likelihood fit.

ET ( GeV) 0. < |η| < 0.9 0.9 < |η| < 1.44 1.57 < |η| < 2.1 2.1 < |η| < 2.5
50–55 3400 ± 71 2219 ± 61 2154 ± 56 1298 ± 44
55–60 4906 ± 115 3415 ± 67 3155 ± 69 1747 ± 77
60–65 3280 ± 92 2263 ± 50 2015 ± 66 1209 ± 42
65–70 2397 ± 67 1521 ± 44 1378 ± 43 822 ± 36
70–80 3013 ± 64 1928 ± 54 1812 ± 50 1042 ± 44
80–100 5487 ± 85 3489 ± 73 3193 ± 54 1679 ± 49
100–120 2128 ± 53 1396 ± 41 1210 ± 39 572 ± 29
120–200 1842 ± 49 1111 ± 36 887 ± 35 396 ± 25
200–300 217 ± 15 121 ± 12 87 ± 11 28 ± 6
300–400 48 ± 7 27 ± 5 8 ± 3 4 ± 2

ples. The simulation predicts a few percent difference in the identification efficiency between251

photons and electrons. The half of this difference is taken as a systematic uncertainty for the252

photon identification efficiency measured from the Z0 → e+e− control sample. More details of253

the efficiency scaling factors are described in Ref. [24]. The following subsections describe the254

difference in the photon-conversion method and show results from both methods.255

7.1 Photon-conversion Method256

The efficiencies of the basic requirements in Table 2 are obtained by applying the data to sim-257

ulation scaling factors to the efficiencies determined from simulation. The scaling factors for258

the photon-conversion method are 0.963±0.015 (stat. + syst.) for the barrel and 0.990±0.019259

(stat. + syst.) for the endcap. The conversion efficiency, instead, could not be measured from260

the Z0 → e+e− control sample and is measured from a sample of photon candidates selected261

with only the shower shape variable (see Section 6.2). This sample contains both signal and262

background. The number of signal photons before and after applying conversion selection is263

extracted by fitting the Iso variable in data; the ratio of the two numbers is taken as the con-264

version efficiency. The measurement is performed only in bins of pseudorapidity due to the265

small size of data sample. The mild dependence on the ET was extracted from simulation. The266

resulting values of the efficiency is shown in Figure 3.267

7.2 Isolation Method268

The efficiency determined from simulated signal samples is shown in Figure 3. These numbers269

are further scaled with data to simulation ratios measured with tag-and-probe: 0.955±0.006270

(stat. + syst.) for the barrel and 0.998±0.016 (stat. + syst.) for the endcap.271

8 Results272

The differential cross section is defined as:

d2σ/dETdη = Nγ · U/(L · � · ∆ET · ∆η), (6)

where Nγ is the prompt photon yield from Section 6, L is the integrated luminosity, U denotes273

the unfolding correction, � is the efficiency from Section 7, and ∆ET and ∆η are the sizes of the274

ET and η bins.275

- Isolation and conversion results are statistically combined with the BLUE method 
[1] (Best Linear Unbiased Estimate)

- Comparison with predictions from JetPhox [2] (NLO), corrected for multiple parton 
interaction and hadronization effects. Pdf CT10, BFG II fragmentation function.

Agreement between data 
and theory in the whole η 
and ET range considered

10
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Data / theory comparison

|η|<0.9 0.9<|η|<1.44

1.57<|η|<2.1 2.1<|η|<2.5

- Measurement driven by 
conversion method at low 
ET and by isolation method 
at high ET

- Data below prediction in the 
low ET region, agreeing 
within uncertainties

- Largest theoretical 
uncertainty from 
renormalization / 
factorization / fragmentation 
scales

11
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Production of isolated diphotons

- Prompt diphoton production via quark annihilation (ʻBornʼ), gluon-gluon 
fusion (ʻBoxʼ) and via single and double parton to photon fragmentation

CMS PAPER QCD 10-035
- First measurement in CMS, with the 2010 dataset : 36 pb-1, in the 

kinematical range |η|<2.5, with ET1>23, ET2>20 GeV, ΔR(γ1,γ2)>0.45
- Method using electromagnetic isolation energy
- Differential cross-section for 4 variables : Mγγ, PT,γγ, ΔΦ, cos(θ*)  

BORN ONE FRAG TWO FRAGBOX

DIRECT FRAGMENTATION

12
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ECAL isolation method

!"#$%&'()*(+)&& ,(%-.//.012345!6 '

!"#$%&'&()*+,-.

7#89: ;%)(*

7#.< ;%=(>%?:@/

7A ;%+(>%?:@/

ecalIso /*0'"'+'-"
1+ 23+#$4(5(677()*8
B3:8 8<%?:@/0 .<%C!

9(:';"#$(<*=>$#+*(?

! 3?:4@1:3D%E48F%4@<D8F%18<30
G8<3%H34%3B3<:I%0@F3%A @<D
J K LM+%N%033 0/.D3 &)O

! B@/.D@:3D P.:2 6QRQ%GSH28:8<T
/.U3S%3/31:48<0 E48F V%@<D WO%
@<D -8<:3%!@4/8

9(@#AB;C-D".(<*=>$#+*(?

! 3?:4@1:3D%XY%43Z9.4.<[%3?@1:/Y%
8<3%<.13%:4@1U%@<D%43F8B.<[%
.:0%"!Q,%D3H80.:0 GS0.<[/3%
:4@1U%F3:28D\%N%033%0/.D3%&&O

! B@/.D@:3D%P.:2%6QRQ%G8<3%8E%
:P8%43Z9.43D%<.13%:4@1U0%
184431:3DO%@<D%-8<:3%!@4/8

]03%@%X.<<3D%F@?.F9F%/.U3/.288D%E.:%8<%ecalIso :8%D3:34F.<3%$^^

! 90.<[%:23%D.EE343<:%02@H30%8E%0.[<@/%@<D%X@1U[489<D%.<%ecalIso
! :3FH/@:3%3?:4@1:3D%P.:2%D@:@TD4.B3<%F3:28D0%90.<[%0.<[/3%H28:8<%0@FH/3
! E.:%H34E84F3D%.<%:2433%1@:3[84.30 _%"`M"`%%"`M""%%""M""

Use Ecal isolation energy :
- ∑ET collected with the crystals in a cone ΔR<0.4 around the photon
- Crystal threshold ET>300 MeV, well above the electronic noise and 

readout threshold, which allows to use fully data-driven techniques

Extract diphoton yield with simultaneous unbinned 
likelihood fit on the two photons:
- Fully data-driven signal and background pdf
- Signal pdf with ‘random cone’ technique: measure 

Ecal isolation energy in a cone randomly thrown. 
Uncertainties from Z->ee and W->eν comparison.

- Background pdf with ‘impinging track’ method: 
require one track in isolation cone. Uncertainties from 
comparison with two tracks.

- Systematic uncertainty on signal extraction : ~5%
13
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Signal selection efficiency for
γγ+X measurement

- Selection efficiency : εtrig x εreco x εID = 76.3%
- Trigger : Three paths requiring two photon candidates. εtrig ~ 100% (simulation)
- Reconstruction : Estimated from simulation
- Identification : 

- Isolation and cluster shape selection : measured with Z→ee events in data, 
corrected for the photon/electron difference

# - Impinging track veto : measured from random cones
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Comparison of the differential cross-section to theoretical predictions at NLO :
- Follow PDF4LHC prescription [3,4,5,6]
- Born and fragmentation contributions at NLO with DIPHOX [7]
- Box contribution at NLO with GAMMA2MC [8]
- Asymmetric ET>23,20 GeV requirement improves fixed order predictions 14
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Diphoton cross-section

Smaller azimuthal 
difference ΔΦ in data 
than in theory 
(missing higher order 
contributions in the 
predictions) 

Diphoton invariant 
mass MΥΥ
Predictions 
underestimate data near 
the kinematical 
threshold Mγγ ~ 2 x 
PTγγthreshold 

(corresponds to low ΔΦ 
region)

ΔΦ
ΔΦ

Mγγ

Mγγ

15
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Diphoton cross-section

Diphoton transverse 
momentum PTΥΥ
Known shoulder near 
PT,γγ ~ 2 x PTγthreshold 
not reproduced in 
theory
(corresponds to low 
ΔΦ region)

cos(θ*), scattering 
angle in Collins-Soper 
frame, 
cos(θ*)=tanh(ΔYγγ/2)

PT,γγ PT,γγ

cos(θ*)

cos(θ*)

16
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ETH Zürich

11/02/2011

Nicolas Chanon H → γγ sensitivity studies using RooStats 1 / 7

Conclusions

Inclusive isolated prompt photon measurement :
- Extend previous CMS measurement with the 2010 dataset (36 pb-1), 25 < ET 

< 400 GeV in 4 η bins up to |η|<2.5
- Combines two methods : photon conversions (competitive at low ET) and 

isolation sum (competitive at high ET)
- Agreement with NLO predictions within the whole range studied

Isolated prompt diphoton measurement :
- First presentation of this new CMS measurement, with the full 2010 dataset 

(36 pb -1), performed in the kinematic region ET >23,20 GeV, ΔR>0.45, |η|
<2.5

- Uses an innovative ECAL isolation method
- Overall agreement with NLO predictions, apart from the low ΔΦ region, 

sensitive to higher order perturbative QCD effects

17
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CMS electromagnetic calorimeter
(ECAL)

Outline
Introduction

CMS projected sensitivity to H → γγ channel
ECAL Calibration

Electromagnetic energy deposits commissioning
Conclusions

CMS Electromagnetic calorimeter (ECAL)

The ECAL is made of PbWO4 scintillating crystals

Barrel (EB) : 36 “supermodules” of 1700 crystals each (coverage |η| < 1.48)

Endcaps (EE) : 268 “supercrystals” of 25 crystals each (coverage 1.48 < |η| < 3.0)

Additionnaly, a preshower (ES) detector made of silicon strip sensors is located in
front of the endcap (coverage 1.65 < |η| < 2.6)

ECAL energy resolution (measured in
test-beams) :

σ(E)

E
=

a
p

E(GeV )
⊕

b

E(GeV )
⊕ c

a = 2.8% : stochastic term
b = 12% : noise term
c = 0.3% : constant term
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front of the endcap (coverage 1.65 < |η| < 2.6)
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The ECAL is made of scintillating crystals of PbWO4 :
-Barrel : 36 “supermodules” with 1700 crystals each (coverage |η|<1.48)
-Endcaps : 268 “supercrystals” with 25 crystals each (coverage 1.48<|η|<3.0)
Furthermore, a preshower made of silicon strip sensors is located in front of the endcaps 
(1.65<|η|<2.6)

Energy resolution (measured in electron 
test beam) :

a = 2.8% stochastic term
b = 12% noise term
c = 0.3% constant tern
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Anomalous energy deposits in 
ECAL

7.5 Estimation of electron background 15
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Figure 9: The scatter plot of the measured
seed crystal timing and the E2/E9 variable
described in the text.

Figure 10: Time distribution of the most en-
ergetic crystal in the supercluster (tseed) for
the signal and the three control regions de-
scribed in the text. This illustrates the proce-
dure to estimate the residual spike contami-
nation.

fraction of spikes in the signal region is calculated as:

fspikes =
Ntag

in · Nno−tag
out

Ntag
out · Nno−tag

in

Figure 10 illustrates the tseed distributions in the four regions. We then rescale the estimated
fraction of spikes fspikes to the measured fraction of signal events from the fit. Finally, the
contribution of anomalous events to the measured signal yield is estimated to be less then 0.4%
(0.7%) at low (high) photon pT.

7.5 Estimation of electron background

We estimate the background from isolated electrons by measuring the probability for an iso-
lated electron to satisfy the photon identification criteria described above. This method exploits
Z0 → e+e− decays, using the tag and probe technique described in Section 6. The recon-
struction efficiency for the matching pixel hits selection was measured to be 97.92 ± 0.65% and
95.09± 2.02% for the ECAL barrel and the ECAL endcaps, respectively. This yields to 2.08± 0.65
(4.91 ± 2.02%) probability for the barrel (endcap) region that an electron fakes a photon.

8 Results
Figures 11, 12 show the estimated fraction of prompt photons (i.e. the purity) in the two pseudo-
rapidity regions for the samples defined for the cluster shape and isolation methods, respec-
tively. We define the signal enriched region as σiηiη < 0.010(0.030) in the barrel (endcap) region
for the cluster shape method and loose photon selection. For the tight photon selection the sig-
nal region is defined as σiηiη < 0.010(0.028). We require Iso < 5 GeV for the isolation method in
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dure to estimate the residual spike contami-
nation.

fraction of spikes in the signal region is calculated as:

fspikes =
Ntag

in · Nno−tag
out

Ntag
out · Nno−tag

in

Figure 10 illustrates the tseed distributions in the four regions. We then rescale the estimated
fraction of spikes fspikes to the measured fraction of signal events from the fit. Finally, the
contribution of anomalous events to the measured signal yield is estimated to be less then 0.4%
(0.7%) at low (high) photon pT.

7.5 Estimation of electron background

We estimate the background from isolated electrons by measuring the probability for an iso-
lated electron to satisfy the photon identification criteria described above. This method exploits
Z0 → e+e− decays, using the tag and probe technique described in Section 6. The recon-
struction efficiency for the matching pixel hits selection was measured to be 97.92 ± 0.65% and
95.09± 2.02% for the ECAL barrel and the ECAL endcaps, respectively. This yields to 2.08± 0.65
(4.91 ± 2.02%) probability for the barrel (endcap) region that an electron fakes a photon.

8 Results
Figures 11, 12 show the estimated fraction of prompt photons (i.e. the purity) in the two pseudo-
rapidity regions for the samples defined for the cluster shape and isolation methods, respec-
tively. We define the signal enriched region as σiηiη < 0.010(0.030) in the barrel (endcap) region
for the cluster shape method and loose photon selection. For the tight photon selection the sig-
nal region is defined as σiηiη < 0.010(0.028). We require Iso < 5 GeV for the isolation method in

Contamination : <0.2%
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Photon selection
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Photon identification :
- Electron rejection : the supercluster should not be matched to 

hits in the pixel detector (not applied for conversion method)
- Selection on the transverse shape of the energy deposit in 

ECAL, required to be compatible with a single photon shower
- Isolation : in a cone ΔR<0.4 around the photon, use ∑ET of 

energy deposits in ECAL, HCAL and ∑pT of the charged 
particles measured in the tracker

Converted photons :
- Start from energy deposits in ECAL
- Track finding proceeds inward and outwards, taking 
into account electron energy loss by bremsstrahlung

- Select the e+/e- pair with the best vertex fit χ2

- Huge background of boosted neutral mesons decaying to two photons, reconstructed 
as a single one

- After identification, need to statistically subtract the background component 22

Reconstructing conversions
Here we use the ECAL-seeded conversion 
reconstruction.

• ECAL information can be used to seed a 
track-finding designed specifically to 
reconstruct conversion tracks.

• In the first step, we look for hits in the 
outer tracker layers which are consistent 
with an ECAL supercluster.  Tracks are built 
by looking inward and collecting hits.

• In the second step, we assume the 
innermost hit of the first track is the 
conversion vertex, and look outwards for 
hits from the second track.

• Track pairs are fitted to a common vertex 
imposing the constraint that they are 
parallel at the vertex, and the tracks are 
refit with the vertex constraint.

4

Monday, May 23, 2011
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γ+X : Purity after selection

- Conversion method : 
High purity at low ET. 
Higher than 60% in barrel 
and 45% in endcap, close 
to 100% at high ET

|η|<0.9
2.1<|η|<2.5

- Isolation method : 
Purity higher than 
40% in barrel and 
55% in endcap

|η|<0.9
2.1<|η|<2.5

Conversion Conversion

Isolation Isolation

Note : the two methods are 
using a different selection, 
thus the difference of purity 23
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γγ+X : Systematic uncertainties

24

- Measurement 
statistically dominated

- Systematic 
uncertainties : ~10%

ΔΦ
ΔΦ

MΥΥ MΥΥ
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γγ+X : Systematic uncertainties

- Measurement 
statistically dominated

- Systematic 
uncertainties : ~10%

25

PT,ΥΥ PT,ΥΥ

cos(θ*) cos(θ*)
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Low pt trend in inclusive photon 
cross-section ?
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Figure 6: Measured vs expected inclusive prompt-photon production cross-section, for photons with
transverse energies above 45 GeV in the pseudorapidity range |η| < 0.6 (top left), 0.6 ≤ |η| < 1.37 (top
right) and 1.52 ≤ |η| < 1.81 (bottom left). The CTEQ66 PDFs are used in the JETPHOX theoretical
computation. The previous cross-section measurement [3] is also shown extending the overall energy
coverage down to 15 GeV. The experimental values are placed at the center of each energy bin. The
width of the horizontal bars indicates the size of the bin.
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FIG. 2: Fraction of isolated prompt photons as a function of
Eγ

T . The systematic uncertainty band is discussed in the text.

Eγ
T

dσ/dEγ
T

dηγ Syst. Unc.
(GeV) (pb/GeV) (%)
30–34 (1.23±0.01)×102 +15.5,−14.5
34–39 (6.21±0.03)×101 +10.8, −9.8
39–44 (3.10±0.02)×101 +9.8, −8.4
44–50 (1.72±0.02)×101 +10.2, −8.1
50–60 (7.93±0.08)×100 +10.1, −8.4
60–70 (3.54±0.05)×100 +9.8, −8.5
70–80 (1.76±0.03)×100 +10.0, −9.1
80–90 (9.08±0.14)×10−1 +9.3, −7.9
90–110 (4.41±0.05)×10−1 +8.8, −8.7
110–130 (1.68±0.03)×10−1 +8.6, −8.7
130–150 (7.25±0.16)×10−2 +7.8, −8.0
150–170 (3.41±0.08)×10−2 +8.8,−10.0
170–200 (1.46±0.04)×10−2 +8.8, −9.1
200–230 (5.66±0.24)×10−3 +9.0,−10.6
230–300 (1.38±0.08)×10−3 +10.0,−10.7
300–400 (1.49±0.21)×10−4 +15.2,−13.4

TABLE I: Measured inclusive isolated prompt photon cross
section for photons in the pseudorapidity region |ηγ | < 1.0
and 30 < Eγ

T < 400 GeV. The uncertainties in the central col-
umn are statistical. The additional 6% luminosity uncertainty
is not included in the table. A parton-to-hadron correction
(Chad = 0.91 ± 0.03) is applied to the pQCD predictions.
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FIG. 3: (a) Measured inclusive isolated prompt-photon cross
section as a function of Eγ

T compared to NLO pQCD pre-
dictions. (b) Ratio data/theory as a function of Eγ

T . The
shaded band includes the total systematic uncertainty on the
measurement except for the 6% luminosity uncertainty. The
dashed and dotted lines indicate the PDF uncertainty and
the variation with NLO pQCD predictions, respectively. A
parton-to-hadron correction, Chad = 0.91±0.03, is applied to
the theoretical predictions.
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CDF Diphoton measurement
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FIG. 1: The measured differential cross sections compared with three theoretical predictions discussed in the text. The left
windows show the absolute comparisons and the right windows show the fractional deviations of the data from the theoretical
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fractional deviation plots. The comparisons are made as functions of the diphoton mass (top), transverse momentum (middle)
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of the measurement.
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FIG. 7. Differential cross-section dσ/dmγγ of di-photon pro-
duction. The solid circles display the experimental values, the
hatched bands display the NLO computations by DIPHOX
and ResBos. The bottom panels show the relative difference
between the measurements and the NLO predictions. The
data/theory point in the bin 0 < mγγ < 30 GeV lies above
the frames.

is varied by ±1σ, and positive/negative variations are
summed in quadrature separately. As an alternative, the
MSTW 2008 PDF set has been used: the difference with
respect to CTEQ6.6 is an overall increase by ∼ 10%,
which is covered by the CTEQ6.6 total systematic error.
The measured distribution of dσ/d∆φγγ (Figure 9) is

clearly broader than the DIPHOX and ResBos predic-
tions: more photon pairs are seen in data at low ∆φγγ

values, while the theoretical predictions favour a larger
back-to-back production (∆φγγ " π). This result is
qualitatively in agreement with previous measurements
at the Tevatron [5, 6]. The distribution of dσ/dmγγ

(Figure 7) is well described by both the DIPHOX and
ResBos predictions, apart from the region mγγ < 2Ecut

T
(Ecut

T = 16 GeV being the applied cut on the photon
transverse momenta): as this region is populated by
events with small ∆φγγ , the poor quality of the pre-
dictions can be related to the discrepancy observed in
the ∆φγγ distribution. The result for dσ/dpT,γγ (Fig-
ure 8) is well described by both DIPHOX and ResBos:
the maximum deviation, about 2σ, is observed in the re-
gion 50 < pT,γγ < 60 GeV.
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IX. CONCLUSIONS

This paper describes the measurement of the pro-
duction cross-section of isolated di-photon final states
in proton-proton collisions, at a centre-of-mass energy√
s = 7 TeV, with the ATLAS experiment. The full data

sample collected in 2010, corresponding to an integrated
luminosity of 37.2± 1.3 pb−1, has been analysed.
The selected sample consists of 2022 candidate events

containing two reconstructed photons, with transverse
momenta pT > 16 GeV and satisfying tight identifi-
cation and isolation requirements. All the background
sources have been investigated with data-driven tech-
niques and subtracted. The main background source,
due to hadronic jets in photon-jet and di-jet events, has
been estimated with three computationally independent
analyses, all based on shower shape variables and isola-
tion, which give compatible results. The background due
to isolated electrons from W and Z decays is estimated
with collision data, from the proportions of observed ee,
γe and γγ final states, in the Z-mass region and else-
where.
The result is presented in terms of differential cross-

sections as functions of three observables: the invariant
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production. The solid circles display the experimental val-
ues, the hatched bands display the NLO computations by
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tions.

mass mγγ , the total transverse momentum pT,γγ , and
the azimuthal separation ∆φγγ of the photon pair. The
experimental results are compared with NLO predictions
obtained with DIPHOX and ResBos generators. The ob-
served spectrum of dσ/d∆φγγ is broader than the NLO
predictions. The distribution of dσ/dmγγ is in good
agreement with both the DIPHOX and ResBos predic-
tions, apart from the low mass region. The result for
dσ/dpT,γγ is generally well described by DIPHOX and
ResBos.
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TABLE I. Binned differential cross-sections dσ/dmγγ ,
dσ/dpT,γγ , dσ/d∆φγγ for di-photon production. For each
bin, the differential cross-section is quoted with its statisti-
cal and systematic uncertainties (symmetric and asymmetric,
respectively). Values quoted as 0.000 are actually less than
0.0005 in absolute value.

mγγ [GeV] dσ/dmγγ [pb/GeV]

0 − 30 0.20 ± 0.05 +0.05
−0.03

30 − 40 1.8 ± 0.3 +0.4
−0.3

40 − 50 2.3 ± 0.3 +0.6
−0.4

50 − 60 1.83 ± 0.24 +0.36
−0.28

60 − 70 0.74 ± 0.17 +0.19
−0.13

70 − 80 0.45 ± 0.15 +0.11
−0.09

80 − 100 0.40 ± 0.06 +0.08
−0.08

100 − 150 0.079 ± 0.022 +0.025
−0.025

150 − 200 0.026 ± 0.009 +0.006
−0.004

pT,γγ [GeV] dσ/dpT,γγ [pb/GeV]

0 − 10 4.5 ± 0.4 +0.9
−0.6

10 − 20 2.2 ± 0.3 +0.5
−0.4

20 − 30 0.94 ± 0.22 +0.28
−0.24

30 − 40 0.62 ± 0.16 +0.21
−0.14

40 − 50 0.26 ± 0.10 +0.10
−0.09

50 − 60 0.36 ± 0.09 +0.09
−0.05

60 − 80 0.06 ± 0.03 +0.03
−0.03

80 − 100 0.048 ± 0.019 +0.009
−0.010

100 − 150 0.003 ± 0.004 +0.003
−0.002

150 − 200 0.000 ± 0.002 +0.000
−0.000

∆φγγ [rad] dσ/d∆φγγ [pb/rad]

0.00 − 1.00 4.9 ± 1.1 +1.5
−1.1

1.00 − 2.00 8.9 ± 1.8 +2.5
−1.9

2.00 − 2.50 24 ± 4 +6
−4

2.50 − 2.80 56 ± 8 +12
−9

2.80 − 3.00 121 ± 13 +24
−17

3.00 − 3.14 173 ± 16 +36
−29
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