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Photon Production Processes

Inclusive or y plus jet

Diphotons
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Cross section for prompt photons & partons
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Photon ID

Narrow EM

/ Cluster
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. = Generally require isolation
Low surounding (small energy in the region
around the neutral
electromagnetic cluster)

= Exploit the structure of the
electromagnetic deposition
(width and shape consistency
with a single photon) for
additional information

= |nner detector conversions
are also reconstructed

Interaction Point
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Photon Production LHC Relative Contributions
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Photon ID Methods

* Generally exploit samples rich in background to get a data driven
estimate of the isolation distribution

= samples similar to prompt photons used to evaluate the signal
isolation

= fit the isolation distribution, subtract the isolated contribution
using the poorly isolated tail for normalization or use a Neural Net,
include shower characteristics to discriminate signal and bkgd.
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High Energy Photon Candidates Are Mostly Photons

= The background contamination gets much smaller as the P_goes

up
= Corrections are small
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Theory/Data

b

Inclusive Cross Section (ATLAS)
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Photon Plus Jet (DO)

Phys. Rev. D 88, 072008 (2013)
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Photon Plus Jet (ATLAS)
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Photon Plus Jet Cross Section (CMS)
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CMS Preliminary (s = ?'TeV

Diphotons
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Heavy Flavor Plus Photons
Phys RevLet.111.042003 (2013)
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DO made a similar earlier measurement in Phys. Lett. B 179, 354 (2012)
tt plus v measured at both colliders — perhaps this will be shown
in the top talk?

R. Blair (Argonne National Lab) Photon Production 09/04/2014 SM@LHC

; 15




Mar 2014 CMS Preliminary
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Many nice results
- high energy makes photons easier and purer so even more and
better are yet to come
Precision is comparable to our understanding of the calculations
- some hope to improve the high X gluon understanding

- some need to improve the theory and reduce the corresponding
scale uncertainty
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Diphoton selection

Table 1: List of photon pre-selection requirements

Variable Requirement
CMS

Photon raw energy EQHES 5 20 GeV

H/E if (Rg > 0.9): H/E < 0.082 (EB), 0.075 (EE)
if (Rg < 0.9): H/E < 0.075

Tiniy 0.001 < gy < 0.014 (EB)
Gipin < 0.034 (EE)

ECAL isolation in 0.3 cone | Iso%-,, < 4GeV (only if Rg < 0.9)

HCAL isolation in 0.3 cone | IsoYj-,; <4 GeV (only if Rg < 0.9)

TRK isolation in 0.3 cone I50%% < 4 GeV (only if Rg < 0.9)

Table 2: List of photon selection requirements

Variable Requirement

Matched pixel seed | False

H/E H/E < 0.05

Cinin oigin < 0.011 (EB), 0.030 (EE)

R. Blair (Argonne National Lab)

Photon Production 09/04/2014 SM@LHC
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CMS Diphtoon systematics

Table 3: Summary of the main sources of systematic uncertainty on the cross section measure-

ment.

Prompt template shape EB

3%

Prompt template shape EE 5%
Fakes template shape EB 5%

Fakes template shape EE 10%

Effect of fragmentation component | 1.5%
Template stat. fluctuation 3%

Selection efficiency 2-4%
Integrated luminosity 2.2%

R. Blair (Argonne National Lab)
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CMS Preliminary is=7 TeV
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ATLAS
Background evaluation

= Standard ABCD method

N§ = N4 —-R

R. Blair (Argonne National Lab) Photon Production 09/04,

ISO NnoN-ISO

D non-tight

tight

B

Use the non-tight isolation distribution to evaluate the non-prompt
distribution

Subtract the remnant of the background in the isolated sample by
normalizing the above isolated background to the non-isolated tight
sample

Apply small corrections from MC for leakage of prompt photons into the
non-tight sample

Apply small corrections from MC for leakage of prompt photons into non-
isolated region

Normalization is to the final isolated prompt photon contribution (i.e. the
region A prompt contribution)

K
(NB — CaN§o)(NC — CcNE o) N

C —
D _ A K A
R —_ BKG " "'BKG

B B
NBK G NBK G
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ratio

Triple differential cross section

Same side opposite side

measurment like DO

Uses cross section ratios
rather than absolute to
minimize uncertainty

- some uncertainties are

common so the ratio divides
them out

Photon Production 09/04/2014 SM@LHC
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Diphotons
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