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T

ATLAS and CMS detectors
built with three main
PUrpPOSES:

Observing or excluding
the Higgs boson,

Searching for physics
beyond the Standard
Model,

Precision measurements
of Standard Model
physics processes




The ATLAS detector

v
.......

44 m long
25 m of diameter



Detector
components

Muon
Spectrometer

Hadronic
Calorimeter

The dashed tracks
are invisible to
the detector

Electromagnetic
Calorimeter

Solenoid magnet
Transition
Radiation

Tracking Tracker
Pixel /SCT detector

Plus a trigger:
Online event filter




@ ATLAS CONF Note y

ATLAS ATLAS-CONF-2020-024 7
EXPERIMENT
28th July 2020

Measurement of the production cross section of

isolated photon pairs in pp collisions at 13 TeV with
the ATLAS detector

The ATLAS Collaboration

https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFENOTES/ATLAS-CONF-2020-024/
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https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2020-024/

Standard Model Production Cross Section Measurements

Cross section o

a measure of the probability for
a specific process to take place

Nevt = IntLumi x o
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Status: May 2020

AX-Q total (2x) . .
OAG nessic ATLAS Preliminary
Theory
o Run 1,2 /s = 5,7,8,13 TeV
IXO LHC pp Vs =13 TeV
Ddi,-ets BEl Data 32-139f0!
© 2\
pt > 25 GeV
nj20 A
A-QO
w1 g LHC pp Vs =7 TeV
>125 GeV A njz 0
B0 © o o BB Data 45-49fb
pTA>100GeV£22 O W
t-chan
nj21 o Dan'lo n A o WZVVA WW
>3 W O =)
A\ X_ Wi WZ O to‘[alA
nj>2 o DanZO A n ZDZ A o A
X nj>4 77 77 E/I gvg\j/l‘z/v v
nj 23 A 0 l:In->3 nizd A O _>A Wy
0O 95 VH o
nj>5 n; o sohan H— bbdN A
A n Dnj24 nj>6 H-ott ZY?D D
. o o X o 7 8 g
j 2 O o7 Zy A iz Wi
A nj>5 nj 2 VBF A . A
i O H—WW tw A A AQ
(| ”jZBD tZj O D A
A anG A n
o) H—yy Zi
nnj27 2 Wyy
N7 n H—ZZ—4¢ A a B O e
o N Zyy O
A Zz N
A
nnWZ
A
PP Jets 7 W Z tt t VV Y H WV Vy tv ttH tty Y7 Vijj WwWVyy  Zyjj

EWK Excl.
tot. tot. tot. tot.

WWy  VVjj

EWK



Physics goal: yy production measurement

* Helps understanding QCD, M

background process for H—yy and BSM searches

e Differential cross-sections measurement at 13 TeV, g,
as a function of several observables:

- Individual photon pt” fﬁ
- My, PTV7, Arr
- ar”, ¢, cos 0% w\/\' ’mr%% @y

TPy




y reconstruction in the EM calorimeter

Number of secondary particles

proportional to the particle energy A lead - liquid argon accordion
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y Identification

Photon |ID based on longitudinal
and lateral shower shape

Using 9 discriminant variables

This identification is optimized
using simulated events.

The efficiency Is also studies with
simulation and corrected based
real data information

S3 \ ) TC
S2 | _
\ | _ |
PS T e
5 e
“ ~ ATLAS Internal & Z—|ly Data
1.1£ Vs=13 TeV, 80.7 fb" |
: ,{ &Z-lkMC
i 0.60< [ |<1.37 —
0.9 e = ¢ Y
S~ o -
0.8 #:‘0: =
0.7=_ —
0-6; Unconverted vy _;
= FixedCutLoose isolation =
0.5E Tight ID -




y Isolation

Fake photons from jets have hadronic activity

around them

Calorimetric isolation:

e Sum of Et of calorimetric clusters in a cone

AR<0.4, excluding the photon cells.

e Out-of-core energy leakage
corrections.

e Ambient energy correction event per
event (to reduce the effects of
underlying event and pile-up).
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Arbitrary units
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Data sample and selection

 Full Run 2 data, 13 TeV 139 fb-1, collected by triggers:

- HLT_g35_loose_g25_loose for 2015+16
- HLT_g35_medium_g25_medium_L12em2ovH for 2017+18

e Selection (signal region)

E ET,)q > 40 G@V, ET,)/Q > 30 GeV
n My, < 1.37 01 1.52 <'|ny, | < 2.37
identification both tight
: : is0,0.2
isolation ET,M@) <0.05- Bty
AR ARy, > 0.4

 5M data events at signal region
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Sample composition

60% — yy signal

36% — y-jet or jet-jet events with jets mis-identified as photons

Data-driven estimation

2.6% — Drell-Yan Z—ee events with electrons mis-identified as photons
Estimation based on simulation samples

0.6% — Pileup: Two gamma-jet events overlapping
Data-driven estimation
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Jet bac kg round I dentification:

based on EM shower shape,

eSti m at i O n contained in 5x7 cell region

ABCD method, one photon example |

« Signal events mostly present in bin A, | 7
and boxes B, C & D dominated by <olation:
baCkg round events based on the Er sum of clusters
In the area around the photon
. . . . (Radius=0.2)
’ RelleS ol |SO|at|On ID Nnon COrrelathn Cells at the 2nd layer of the EM calorimeter

for the background fake-y
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Jet background estimation

Two-photon case
ABCD method,

with a likelihood fit

x10°
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Fraction of events in signal region [%]

Sample composition result
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Reconstruction and identification efficiency are 20
taken into account in this step

Selection Detector level Particle level
Photon kinematics | Er, , >40(30) GeV, |n,| <2.37 excluding 1.37 < |n,| < 1.52
Photon identification tight stable, not from hadron decay
Photon isolation | Ex%"* < 0.05- B, ER%"* <0.09- By,
Diphoton topology N,>2, AR,, >04
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Uncertainties

Source Relative uncertainty [%)]
Background estimation 4.3
-y R 4.2
Y pile-up background 0.6 - S S
i 0.9 £ 025—— ATLASPreliminary Vs=13TeV, 139 fo -
BT tEle?tr(l)rl.baCkground 2(2) 'g B background estimation =~ ------ photon identification _|
> O Io)?lel-slcl)parle(\)?xl;leighting 3:5 § 0.2 B - - - - photon isolation —— photon energy ]
Photon isolation 1.9 3 B data stat. other _
~=—> Photon identification 3.0 e i total ]
Other 4.1 % 0.15 — ]
Data-period stability 3.6 oC - -
Luminosity 1.7 :—IJ i
Trigger efficiency 0.7 0.1
MC Sherpa/Pythia 0.6 -
Signal modelling of Er - 0.2 i
MC statistical uncertainty 0.1 0] T Pt .
Unfolding method <0.1 kbl SRR L LRI
=~—==—> Photon energy 0.5 i
-,..W;? Total systematic uncertainty 7.8 0 20 30 40 100 200 1000
Data statistical uncertainty 0.3
m,, [GeV]
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Results

ATLAS Preliminary —data
(s=13TeV, 139 fo! ¥

Diphoton cross-section measurement

Sherpa MEPS@NLO

O 10 20 30 40

Integrated fiducial cross section [pDb]

Integ. fid. cross section [pb| 0., syst  +stat NNLOJET NNLO o
SHERPA MEPS@NLO 33.2 L <01 NNLOJET NLO -
NNLOJET NNLO 29.7 f%jﬁ < 0.1 NNLOJET LO

NLO 196 15 <0.1

LO 50 02 <o Piphox NLO -
DipHOX NLO 20.8 e <01 e
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Result
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Summary

yy production at 13 TeV characterized with high precision

* At high energy beyond previous result, 1 TeV invariant mass

* At very low invariant mass — challenging to model by theory predictions
* Fine binning exploiting detector resolution

 Compared with state of the art predictions
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Theory predictions

fixed order accuracy fragmentation | QCD NP

YY +17 | 429 | +33 | +247 | 99 =y | 1 ‘ i res. eff.
DIPHOX NLO LO - - - LO NLO — —
NNLOJET || NNLO | NLO | LO - - LO — — — —
SHERPA NLO LO PS LO ME+PS PS v
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