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Introduction

-v+X and yy+X cross-section measurements probe our knowledge
of perturbative QCD

- Photons constitute a clear signature for new physics searches :
H—vyy, gravitons, supersymmetry, excited fermions. y+X and yy+X
processes are background for those rare processes

Outline :
| - Inclusive photon cross-section measurement
- Combined isolation method
- Photon conversion method
- Results
Il - Diphoton cross-section measurement
- Electromagnetic isolation method
- Results



CMS detector
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Photon reconstruction and
selection

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 x 5-crystal matrices around the most
energetic crystals

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

- The transverse shape of the energy deposits in ECAL should

- Isolation : in a cone AR<0.4 around the photon, use ) Et of
energy deposits in ECAL, HCAL and ) pr of the charged

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

- Extend the measurement to forward region : 4 n bins, up to |n|<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



Photon conversion method :
competitive at low Et

Use the variable E1/pr :
- ET transverse energy measured in ECAL,
- pt transverse momentum of the e+/e- pair measured in tracker.
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Extract the signal yield with a binned likelihood fit : 0 JJ,,/,,,I,,,

- Signal and background pdf from Monte-Carlo E:/p,
- Signal shape uncertainties : vary peak mean and width

- Background shape uncertainties : estimated from isolation and cluster shape
sidebands in data 6



Isolation method :
competitive at high Er

TRK ECAL HCAL

- Use ISO, the sum of the isolation energies ' | @
measured in the ECAL, HCAL and tracker
- Signal photons have ISO close to O
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Signal selection efficiency

Z %0-14; CMS Preliminary \'s = 7 TeV -
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- Reconstruction : greco ~ 99% (simulation) Y . o

% i CMS Preliminary \'s =7 TeV |
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©1.57 < < 2.1
221<m <25

- Cluster shape, isolation: measured with Z—ee
events in data, corrected for photon/electron
difference

- Pixel hit veto: uses Z— upy events in data

- Conversion selection: uses isolation method N
applied before and after conversion selection in data 06" 30 4050 12 >dgE '8




Systematic uncertainties
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Isolated prompt photon cross-section
d*c/dErdn = N7 -U/(L-€-AET - Ay),

- 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 Il fragmentation function.
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Data / theorv comparison
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- Prompt diphoton production via quark annihilation (‘Born’), gluon-gluon
fusion (‘Box’) and via single and double parton to photon fragmentation

p

— =
BORN TWO FRAG
! = T
DIRECT FRAGMENTATION

CMS PAPER QCD 10-035

- First measurement in CMS, with the 2010 dataset : 36 pb-', in the
kinematical range |n|<2.5, with ET1>23, E12>20 GeV, AR(y1,y2)>0.45

- Method using electromagnetic isolation energy
- Differential cross-section for 4 variables : My, Ptyy, AD, cos(6%)
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ECAL isolation method

AR, =0.4 . .
Use Ecal isolation energy :
- > E7 collected with the crystals in a cone AR<0.4 around the photon
An = 2.5 xtal
n - Crystal threshold ET>300 MeV, well above the electronic noise and
e readout threshold, which allows to use fully data-driven techniques

CMS preliminary\s =7 TeV L = 36 pb™
| n|<1.44 100GeV<mW<140GeV
FT T T T T

Extract diphoton yield with simultaneous unbinned 5102? pata |
likelihood fit on the two photons: 3 ™ Batkground

. Signal and Background
- Fully data-driven signal and background pdf 5 ’ ’

W 10} _

- Signal pdf with ‘random cone’ technique: measure
Ecal isolation energy in a cone randomly thrown.

Uncertainties from Z->ee and W->ev comparison. I I
s
- Background pdf with ‘impinging track’ method: “ﬂﬁil [
require one track in isolation cone. Uncertainties from [ ™
comparison with two tracks. b3 L
4 5 6

- Systematic uncertainty on signal extraction : ~5% ECAL isolationy, (GeV)

]



Signal selection efficiency for
vYvV+X measurement

- Selection efficiency : €trig X €reco X €0 = 76.3%

- Trigger : Three paths requiring two photon candidates. €tig ~ 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

For a generic variable Q

do N%nfolded
dQ  Efficiency x AQ x L

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

Diphoton invariant
mass Myy

Predictions
underestimate data near
the kinematical
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(corresponds to low A®
region)
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Diphoton transverse
momentum Prvy
Known shoulder near
PT,W ~ 2 X P-Wthreshold
not reproduced in
theory

(corresponds to low
AD region)

cos(0%), scattering
angle in Collins-Soper
frame,

cos(0*)=tanh(AY,/2)
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Conclusions

Inclusive isolated prompt photon measurement :

- Extend previous CMS measurement with the 2010 dataset (36 pb'), 25 < Er
<400 GeV in 4 n bins up to |n|<2.5

- Combines two methods : photon conversions (competitive at low E1) and
isolation sum (competitive at high Er)

- 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, AR>0.45, |n|
<2.5

- Uses an innovative ECAL isolation method

- Overall agreement with NLO predictions, apart from the low A® region,
sensitive to higher order perturbative QCD effects
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CMS electromagnetic calorimeter
(ECAL)

The ECAL is made of scintillating crystals of PboWO4 :
-Barrel : 36 “supermodules” with 1700 crystals each (coverage Inl<1.48)
-Endcaps : 268 “supercrystals” with 25 crystals each (coverage 1.48<Ini<3.0)

Furthermore, a preshower made of silicon strip sensors is located in front of the endcaps
(1.65<Inl<2.6)

Crystalsina

Preshower
supermodule

Energy resolution (measured in electron
test beam) :

Supercrystals

e

o(E) a o b o
— p— C
E VE(GeV)  E(GeV)
a = 2.8% stochastic term

b =12% noise term
¢ = 0.3% constant tern

End-cap crystals



Anomalous energy deposits In
ECAL
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Photon selection

Photon identification :
[(Bd AYAYAVAV S

- Electron rejection : the supercluster should not be matched to =" 7y -~
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 AR<0.4 around the photon, use ) Et of ¥
energy deposits in ECAL, HCAL and ) pr of the charged
particles measured in the tracker

Converted photons :
- Start from energy deposits in ECAL
[2] - Track finding proceeds inward and outwards, taking
into account electron energy loss by bremsstrahlung
- Select the et/e- pair with the best vertex fit x2

- Huge background of boosted neutral mesons decaying to two photons, reconstructed
as a single one 2

- After identification, need to statistically subtract the background component



v+X : Purity after selection
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- Measurement
statistically dominated

- Systematic
uncertainties : ~10%
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Low pt trend in inclusive photon
cross-section ?
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CDF Diphoton measurement
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ATLAS Diphoton measurement
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