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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 v



Physics with photons y in the final state

Good coupling s Clean experimental

to quarks signature QCD probe

il

to test / understand perturbative QCD,
PartonDistributionFunctions, photon fragmentation...

also

_______________________________________________ y+b/cjet )
. | v/
>1 v o Landscape of ATLAS Lot

A prompt photon e.
= v v o measurements Experimental

’ > sighature of
>1 >2 >3 >4 Ny quarks and gluons




Physics with photons y .

* Electroweak physics W-
Measurements of Wy, Zy, Vyy, Wyy, Zyjj

Sensitive to triple and quartic gauge boson couplings

e Higgs boson physics

H — YY (among leading channels for Higgs studies / discovery)

H—Zy, HH—=bbyy, HH=>WWyy

Evidence of H—=yy*—yIl next Tuesday’s CERN seminar med

|

 Beyond Standard Model searches
X— vy (example spin 2 graviton), H—=aa—yy+yy (Msswm)
)/+|V|issingET or H(—>yy)+|\/|ET (Dark matter search)

(to do this at LHC, very important to understand and model well
the leading prompt photon production processes)



https://indico.cern.ch/event/976683/

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
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Emmy Noether junior research group
Precision Monte Carlo generators and LHC measurements

Group leader: Frank Siegert

Theory Experiment

at the interface between experiment and theory for LHC physics,
with particular focus on QCD Monte Carlo simulations and ATLAS measurements sensitive to their modelling

Today: presenting an experimental study

Diphoton yy production measurement
Done by: Ken Kreul, Frank Siegert, Heberth Torres, Christian Wiel

Previous theory photon studies
|solation StUdIeS, Johannes Krause (PhD thesis)
Diphoton production, valentin Boettcher (bachelor thesis)




@ 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/CONENOTES/ATLAS-CONF-2020-024/

Differential cross-sections measurement, with the Run 2 dataset,
139 fb-1 of pp collisions at 13 TeV

Studied 8 observables: Individual photon ptr, my, p17, arr, ¢*r, A¢rr, COS 0*rr


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

ATLAS
detector
components

Muon
Spectrometer

Hadronic
Calorimeter

The dashed tracks
are invisible to

Neutrino the detector

Electromagnetic
oy Calorimeter

\ R G g s = Transition
| (e et RS a8 Radiation
s B = Trackmg Tracker

Pixel/SCT detector

Plus a trigger:
Online event filter




y reconstruction in the EM calorimeter

Number of secondary particles

proportional to the particle energy A lead - liquid argon accordion
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Photon identification

 Prompt photon / signal photon:
Photons not coming from hadron decays

A photon from hadron decays (e.g. 79— yy) :\%
— pbackground
The hadrons come inside jets %O(%“”
(the experimental signature of quarks and gluons)

Will call these background “photons” jets or fake photons
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y identification 7 VT @

Photon ID based on longitudinal S2
and lateral shower shape

Using 9 discriminant variables

Example: e
* ~  ATLAS Internal ®Z—lly Data -

< IS 1.1F  {s=13 TeV, 80.7 fb™ |

ol _prl . SZ-lyMC -

f P 3 £ 0.60< In |<1.37 =
Il oo & :

ol lil... % -

0.7 =_ .

This identification is optimized using 08 Unconverted y =
. 05 = FixedCutLoose isolation =
simulated events °F Tight ID :

The efficiency Is also studies with simulation
and corrected based real data information
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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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0.05 : | -
E Signal Background E
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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_r12em2ovH for 2017+18

e Selection (signal region)

E ET,)/l > 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,%@) <0.05- Bty
AR ARy, > 0.4

 5M data events at signal region
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o (pb)

Sample composition

10°F

10"¢

10°F]

0f — : 10°H
60% — yy signal o
103%
102\,’,

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

1

Data-driven estimation i
10';

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

.. assSuming No,A  Ho, C % 3 Bacgund BaCmDmund
— 9 :(é control region control region
o, B Mo, D é
- - - s A | B
— main source of uncertainty on final result S8 gom | secgoune
region control region
Pass Fail

Photon isolation
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Jet background estimation

Two-photon case
ABCD method,

with a likelihood fit

x10°

12 — | I I I I I I I I I I I =
C — : f 4 -
g 4500 \s=13TeV, 139 fb™" e Data =
S _ C D Leading gandidate isolation | LLI 4000 f_ ATLAS Ere|iminary }/)./ signal _f
-‘":U - Background Background rese il Pess il E I . V] E
::cé control region control region 3500 = .jy =
C - = — . —
. % 6 8 1 4 1 6 - 3000 = =jélectron E
- — = - L —
g A B =X 2 2500 oup | —
c g Sj ) D — yy p up —
0 ignal Background T 2 o - 5 -
region control region © 5 7 1 3 1 5 S g 2000 — _:
Pass Fail %I :'% 1 500 —f
Photon isolation S _ ; =
S| 2| 4 [10]12]z2 1000 =
= ® _
§ 2 500 E
: 3 :

(7))

1 3 9 | 11

Pass

1 2 3 4:5 6 7 8:9 10 11 12:i13 14 15 16 :
Signal region PP PF FP FF : PP PF FP FF : PP PF FP FF: : PP PF FP FF

i Region index and isolation status
Pass Fail 5

Leading candidate identification Pass-Pass id. Pass-Fail id. Fail-Pass id. Fail-Fail id.
Diphoton identification region
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Plleup background estimation

Data-driven normalization from z-pointing info with both y “converted”

Photon to ete-
conversion tracks

10°

Entries

10*

10° ¢

10°

—
o

—
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Fraction of events in signal region [%]

Sample composition result

120———————————— — T ] {20 ——
i s =13 TeV. 139 fp! T 77, totunc. v/, stat. unc. _ i s=13TeV 139! T+ yy, tot. unc.| |yj, stat. unc. |
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] = —— —— 1
U nfOId | ng E 1000 ATLAS Simulation Preliminary
(Detector effect corrections) = |
= 400F
> 300
* Detector level < 500
(experimental event counts) [
| S 100
Y e “Truth” or particle level
(theory predictions) 40
30

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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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

21




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

Data




Result

80 GeV =2 x 40 GeV y1 pr cut
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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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Physics with photons y — Outlook

Potential options for next studies
o yy+jets,

* YrYv
e vy isolation distribution
Njet !
>3
>2 v
>1 v o ’? Landscape of ATLAS
R A prompt photon
>0 v ’”““‘“‘“\7 _ Mmeasurements
>1 >2 >3 >4 N}/
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E T e e 1 EXPerimental art pieces
= - {s=13TeV, 139 fb , § i duri demic time)
S 100 ATLASPreliminary /' i (during pande
O i — electron yy pileup ]
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o - -
S 40 —
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2 3456 10 20 30 100 2
P, [GeV]
Thanks for your attention!
Lucia’s ATLAS event display

definitely wins
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