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Motivation

Studies ot the production of in proton-proton
collisions at the LHC provide...

e testing ground for wide range of Standard Model
predictions in new kinematic regimes.

e constraints on the content of the proton.

e description of background event kinematics for
different searches for new physics.
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What we measure?

Cross-sections in fiducial volume

Number of background-
subtracted data events

do N

dX"" AXD L eyigger Cotding

Width of bin i Corrections for detector
resolution, reconstruction
and selection efficiencies
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ATLAS data samples
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Outline

* Inclusive prompt photon (13 TeV)

e Di-photon (8 TeV)

e Tri-photon (13 TeV)

e Photon+jets (13 TeV)
e Photon+b/c (8 TeV)
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Photon reconstruction

Cells in Layer 3
AdxAn = 0.0245x0.05

* “Prompt” photons: Photons that are not /\A <o o

. My,
secondaries from hadron decays. /\ Sy
N=0 W 4/:'
™ 4 f .
e Photon reconstruction: Z 4/3,\/” e
- /4.3x0 .W
/\/ \//Q/\N

- EM calorimeter cell cluster. ) \
— Consider both unconverted and converted candidates. s E;;gﬁfm ﬁ -
147~3mm ﬁ W/‘v‘i" Egu::ezcells in
N N '
: T LU > e,
e Photon identification: Vi . o
= Nine variables quantifying the shower shape. o I]IH An:0.06%91mrnmsmpCelm;f-::1
— Fine granularity of first calorimeter layer suppresses m T e ~oazse01
background. “

= "Tight” identification efficiency > 90% for Er > 40 GeV.

e Photon isolation: / \

— Require low amount of energy around photon.

— Suppresses jets mis-identified as photons.

See talks: L

- N. Proklova, “Electron and photon identification with the ATLAS detector”. \
- S. Morgenstern, “Electron and photon energy measurement calibration with the ATLAS detector” |
- P. Podberezko, “The ATLAS Electron and Photon Trigger .
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Inclusive photon

pp =2 y+ X

g — a4 900000000 ——ON\/\vY
gt q1

q > Y q . g
Direct Fragmentation

e Sensitivity at LO to gluon density in
proton.

e NLO pQCD calculations provide
adequate description of measurements;
however, test sensitivity limited by
theoretical uncertainties associated with
missing higher-order terms in pQCD.
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PLB 770 (2017) 473 [arXiv:1701.06882]
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https://arxiv.org/abs/1701.06882

Inclusive photon

e NNLO pQCD calculations now available.

e Theoretical uncertainties reduced by a
factor of ~ 2, and now of the same order
as experimental uncertainties.

e This opens up a new opportunity for
precision QCD at LHC and inclusion of
prompt photon data into PDF fits.

Campbell, Ellis and Williams,
Phys. Rev. Lett. 118 (2017)
222001 [arXiv:1612.04333]

Campbell, Rojo, Slade and Williams,
EPJC 786 (2018) 470 [arXiv:
1802.03021]
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Di-photon

PRD 95 (2017) 112005 [arXiv:1704.03839]

pp é yy + X g I I I I | I I I 1 I I I I 1 I
q ® |----Data(16.8+0.8pb) ATLAS
Y 2 |+ 10 band Vs =8 TeV, 20.2 fb
g [ ]+206 band
(@)
8 Sherpa 2.2.1 (ME+PS merged at NLO)
Q 16.4 7> pb
% DIPHOX (q9/qg itSNLO, gg at LO)
10.77,7 pb
p Y @
q % RESBOS (full NLO + NNLL)
pra 12.1 pb o
2yNNLO (NNLO)
. 14.2%13pb ——3
e Cross-section at 8 TeV measured T
. ) . . . 0 5 10 15 20
differentially as function of 6 kinematic
Integrated fiducial cross section [pb
observables: m,,, |cos0F|, Ap,,.pr,,. ar, ;- | Ipb]
e Systematic uncertainties reduced by up to
32 compared to measurekr)nerllts at 7dTeV, Prediction from ME+PS
ue to iImprovements in backgroun o
P J at NLO (Sherpa) is in

estimation. .
agreement with

- Despite higher pile-up conditions measurement.
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Di-photon

PRD 95 (2017) 112005 [arXiv:1704.03839]

* Measurements are well-described by

S = T T T T T T T

SHERPA (ME+PS at NLO). > [ ATLAS [5=8TeV,20.2 '
G 10 - Data + stat. unc. =

f f h | | ~ — e Total exp. uncertainty -

e Specific regions o ase space particular L . 3 2yNNLO (NNLO) N
P o J P P , P y = 10 = > —*—e,, -+SHERPA22.1 (ME+PS atNLO) =
sensitive to soft gluons emissions. N Soee, -
D 10°¢ T4 000m .
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Theory / Data Theory / Data

Recoil
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Tri-photon
pp — yyy + X

* Rare process: At LO contribution is order agy,.

* Complementary phase space to inclusive ! !
photon and di-photon production.

e Study topology and kinematics of individual /w ‘;9999/\%7
\

photons, pairs of photons and three-photon

system (13 kinematic variables). Direct Fragmentation

e Main background: electron and jet mis-identification.

- Electron mis-identified as a photon

» Estimated from eey, eeyy, evyy MC events (LO Sherpa).
» Mis-ID rate corrected to match measurement in Z—ee data.

- Jet mis-identified as a photon
» 2D sideband applied to account for all combinations of photons meeting or failing to meet the

tight identification or isolation criteria.
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Tri-photon

PLB 781 (2018) 55 [arXiv:1712.07291]

* NLO predictions underestimate measured cross-
— + —+
section by ~ x1.5-2. Oreas = 12.6 £ 6.5 (stat.) = 9.2 (syst.) tb
e NLO fails to describ ' f low Er.
ails to describe regions of low Er oni o = 31.5 _l_gg fb (MCFM)
e Addition of PS to NLO improves agreement. 57’
o = 46.6 7Y tb (MadGraph5, MC @ NLO
* Need improved MC modelling of this process. NLO+FS 3 1P Pa )
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Photon + jets

PLB 780 (2018) 578 [arXiv:1801.00112]

pp — y + Jets
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e Study dynamics of vy + jets production. 105 Pr . . .

S : T I T | I T I T I /

e Differential cross-sections measured as @ Top | , .

. . . Q b 720 - ]

f : f Ev jet—lead y—jet y—jet sk O 1 o .

unction o ET, Py , AT, m"%, Jcos %], O : ]

. . . Z 05 -

] C | ] | I I ! Lo .
NLO calculations provide good description IR .

of measurements. EYF [GeV]

e For most of the phase space studied,
theoretical uncertainties are larger than
experimental uncertainties.
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Photon + jets

New

PLB 780 (2018) 578 [arXiv:1801.00112]

= 10— I
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D i ® Data e
a3 LO QCD (JETPHOX)
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Q E fragmentation (x23) e @ .
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Cross-section as function of 8" provides

insight into relative contributions of Quark exchange

direct vs fragmentation components, as diagrams observed

well as possibility of testing dominance to dominate.

of t-channel quark exchange.

Brigitte Vachon, McGill ICHEP 2018, 6 July 2018 14



Photon + b/c

PLB 776 (2018) 295 [arXiv:1710.09560]
pp — v+ b/c

b, c - _ % 10° arLas e Data2012 E
b, C > \s=8TeV,202fb" SHERPA: 3
c 10° & 156<|n| <237 e —=
b, C 2 300 < E} < 350 GeV B v +b=002+0004 =
o [ ]y+c=0073 £+0.022 ]
o 10 B - + light = 0.901 + 0.020 _§'
b, C %‘ 10° 727/ Systematic Uncertainty E;
o .
107
Compton Gluon splitting 10
Q 14
Q 1.
S 12
g 0 81 W%%W ///// /ﬂ///ﬁr//ﬂ/m
e Sensitive to b/c-quark content of proton. 700-80% 80-70% 70-60% 60-50% 50-0%
. S : MV1c b-jet efficiency
e Sensitive to intrinsic charm hypothesis.
c 0.25¢ - . .
e Test modelling of b-quark in MC generators 2 [ ATLAS * ysbcentral
S ook {s=8TeV,4.58pb'-20.2f" = v+ccentral -
e Test flavour number scheme: 4F vs 5F. = I © y+bforward -
= | O y+c forward
L B i
e Analysis overview: T 0150 :
| - S +
e Select photon + jets events. 0.1 b | | | | H
S e WL YN
e Photon purity estimated using data-driven 2D oosk | T LT
) . __ . E..q:.]... H E
sideband method. S— r,.,,,—@—_.d-&_-&w-é-.{}:
e Use template fit method to extract b and c fractions. 03072050 100 200 300
E [GeV]
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Photon + b/c

PLB 776 (2018) 295 [arXiv:1710.09560]
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* LO: Sherpa provides good description
of data. e Within uncertainties, LO and NLO provide

e NLO: 5F scheme provides better good description of data.

description of data up to 200 GeV. * Predictions with IC predict higher cross-
section at high x.
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Summary

e large data samples, well-understood detector
oerformance and eftective pile-up mitigation
techniques make it possible to perform precision
measurements of known Standard Model processes.

e Study of photon production in pp collisions provides
stringent tests of QCD.

- Calculations beyond NLO needed to reduce theoretical uncertainties and
improve modelling.

e Measurements can be used to set constraints on
proton PDFs.

Brigitte Vachon, McGill ICHEP 2018, 6 July 2018 17



Backup



b/c-jet identitfication

» MV1c neural network trained to
differentiate b-jets from
c-jet and light jets
- Takes as input three types of
parameters
- Impact parameter information

- Secondary vertex information

- Decay chain path information, up to
tertiary vertex

» Efficiency calibrated In
independent analyses for the
three flavours of jets
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Electron/photon energy calibration

Schematic overview of the procedure used to calibrate the energy response of

electrons and photons in ATLAS.

simulation
EM
cluster
energy
data

training of
MC-based
e/y calibration

_Js

MC-based
ely energy
calibration
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longitudinal
layer inter-
calibration

:

A

uniformity
corrections
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