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Recent results on photon physics @ LHC 1

Physics with photons @ LHC

e Measurements of the production of high p7 prompt photons (in association with
jets) in hadron colliders provide

— tests of pQCD predictions
* the photon comes directly from the hard interaction
(no hadronisation)
— cleaner reaction than jet production q Y
* probe of the underlying production mechanism

— experimental information on the proton PDFs a7y

* dominant production mechanism: qg — g~

* constraints on the proton PDFs, especially g 9
the gluon PDF at high =

— input to understand the background to Higgs
production and BSM searches in photon direct photon (plus jet(s))
decaying channels
* validation of Monte Carlo models
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Physics with photons @ LHC

e Other sources of photons:
— hadron decays (eg, 7 — ~~)
— photons are produced copiously inside jets
= isolating photons largely removes this background
— photon bremsstrahlung off quarks —
= fragmentation photon process: signal

e Thus, to study prompt photons in hadron colliders, it is
essential to require the photon to be isolated

.. : . fragmentation photon
e This is achieved by requiring J P

* cone isolation: EiTSP(R) = > EZT < EF**, with the sum over the particles
inside a cone of radius R centered on the photon in the n — ¢ plane
— used in experiment to suppress the contribution of photons inside jets

* Frixione isolation: EX*¥(v) =eEJ((1—cost)/(1—cos R))" for all t <R, where
‘R is the maximal cone size and ¢ is a constant
* hybrid (Frixione+cone) isolation
— Frixione or hybrid isolation can be used in theory to avoid divergencies in
the matrix elements when the photon is collinear with a parton
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o EISO(R) is computed by using all particles in a cone of

x10°
R=0.2,0.30r0.4 g T s
@ 800¢ fs=13TeV, 139"
S 700 R=02 :
= . - : w F « Data tight
e The underlying event and pileup contribute to E}° 600- m Data non gt :
. . SR N TR e SHERPA tigh =
— event-by-event correction can be computed using the ~ °" —suemenne
jet-area method (M Cacciari et al, JHEP 0804 (2008) 005) 200l isolated :
i hoton S|gnaI
200 ? =0.2) 1
] i 100/~ Ttea ]
e Clear signal of photon production observed around o J “““ E
iso ~ =10 0 {0 20 30 40 50
ET°(R) =0 . g EF° [GeV]
S cool . | Amas
= A photon candidate is considered isolated if g b fo= 18TeV 1391
EISO(R) < (E180)cut @ 400 | | . Data tight .
t 3 i " ---- Data non-tight
with (EISO)CUl =4.2-10" E + 4.8 GeV (ATLAS) so0p [ ] | StERPAta
isoycut __ E L Data non-tight
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I |+ photon signal
100- al F =0.4) -
e Residual background removed using data-driven (ATLAS) s :
and template-fit (CMS) methods 00 o 200 o
T [Ge
CMS Collab, JHEP 05 (2021) 285 & EPJC 79 (2019) 20 ATLAS Collab, JHEP 07 (2023) 086
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Photons @ ATLAS: background subtraction

e The main source of background comes from jets misidentified as photons

e A data-driven method is used to avoid relyingon
detailed simulations of the background processes “ole

— two-dime.nsional sideband method based on
~ID vs }TSO plane and corrected for signal leakage

GAP

— ~ID and E’3° are assumed to be uncorrelated for = | * f ;
the background

— region A is the signal region and B, C, D are

background control regions with suppressed signal 2" r.s |
- - o F Vs = eV, -1
contribution Ry o ete oo
in each E. and n7 bin measured @ U
sig I o ]
e The purity of the signal is estimated as P = Nﬁbs 0985, )
— the measured signal purity is larger than 93% 0.9, Signalleakage fractions from: ;
’7 I OPYTHIA °SHERPA‘ i
for ET > 250 GeV 300 400 1000 2000
e In this analysis: ER°(R) < 4.2-107°% . EX 4 4.8 GeV Ef (GeV]

ATLAS Collab, JHEP 07 (2023) 086
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Photons @ CMS: background subtraction

e The main source of background comes from jets misidentified as photons

e A template-fit method is used to estimate the photon yield in each p% and y”
bin measured
— template composed of the sum of signal (from MC simulation) and
background (from sideband region in data)
— number of isolated photons extracted from a binned maximum-likelihood fit
to a BDT discriminant constructed from photon kinematics and shower shapes

x10° 2.26 b (13 TeV) x10° 2.26 b (13 TeV)
0 T I B 0 R L B
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£ r CMS E CMS
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w w 8 _
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10/—ly'1<08, 200<E <220Gev | ___|] | r 0.8<lyl<1.44, 200 <E <220 GeV b
—e—— Data 20207 events r —e— Data 16293 events
[ Fitted 20212 events Fitted 16284 events
f77777 516G 16296 = 136 events 6= 177777 SIG 12416 = 123 events n
[ Background [ Background
a4 _
5 - L
2

Q7 ~05 B — L

O§ 4 r x?/dof = 6.64 ‘ ‘ 7 D§ 4 r X?/dof = b.73 ‘ ‘ 7

=2 =2 —

Tt Lo

Eof T + Pt T ]

4 . _al ]

-1 05 0 05 1 -1 B 0 05 1

. . iSO BDT output BDT output

e In this analysis: E}°(0.3) < 5 Ge

CMS Collab, EPJC 79 (2019) 20
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e The main source of background comes from jets misidentified as photons

CMS 35.9 fb ! (13 TeV)
g LN B T T T \\\?4\\[‘)a\t\a\‘ T T
0 10°p i— Signal
o E

e A template-fit method is used to extract a value for the
photon purity in each p.. bin measured ST
— template composed of the sum of signal (from MC |
simulation) and background (from misidentified photons

in data)

— number of isolated photons extracted from a binned :
maximum-likelihood fit to o,,, shower shape (length o0 5B 0 0 L R
of shower along the 1) direction in ECAL)

L OMS  ®obiasTey)
1S0 S [ truiy —Fi ]
e The purity of the signal is estimated as P = —Ngc}f;ggl ; """""""""" [ =

— the purity as a function of p.. is fitted with a functional {{m 1
form and used to extract the signal purity

— the measured signal purity is larger than 98%
for p % > 200 GeV 0.9250;;"460“‘660‘“860"icfoé‘izloé‘ﬂoé‘ieloéé

p; [GeV]

e In this analysis: E$°(0.3) < 5 GeV
CMS Collab, JHEP 05 (2021) 285
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Next-to-leading-order QCD calculations: JETPHOX

1 1
2 2\
Opp—sytX = ) /0 dxy f;/p(w1, p) /O dxs fj/p(®2s BE) Gijsyat
t,7,a
! 2 ! 2 ! 2

> dz D] (z, p%) / dzi f;/p(z1, L) / dx2 f/p(T2, KF) Gij—sab
i,a,b | min 0 !
e Full fixed-order NLO QCD calculations with direct and fragmentation processes

— fragmentation contribution calculated as the convolution of jet cross section

and fragmentation function

e Photon isolation requirement: cone isolation at parton level (as in experiment)

e Need corrections for hadronisation to compare with measurements

S Catani et al, JHEP 05 (2002) 028
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Next-to-leading-order QCD calculations: SHERPA

1 1
Opp—~y+X — Z /O dx fi/p(wla “%‘)/{) dxz2 fj/p(w% “%‘) Gij—va

?’7.7761’

e Full fixed-order NLO QCD calculations for v 4 1, 2 jets plus LO QCD calculations
for v 4+ 3, 4 jets supplemented with parton shower and hadronisation
— only direct and wide-angle fragmentation contributions

e Photon isolation requirement: hybrid isolation (Frixione isolation at parton level
to remove divergencies in ME and cone isolation at hadron level)

e Predictions obtained at hadron level — direct comparison with measurements

T Gleisberg et al, JHEP 02 (2009) 007
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Next-to-next-to-leading-order QCD calculations: NNLOJET ()

1 1
Opp—~y+X = Z /O dxy fi/p(wla PJ%‘)/O dxz2 fj/p(w29 N%‘) Gij—~a

?’7.7761’

e Full fixed-order NNLO QCD calculations including two-loop corrections to ~jet,
virtual corrections to v + 2 jets and tree-level ~+ + 3 jets
— only direct contribution

e Photon isolation requirement: hybrid isolation at parton level (Frixione isolation
to remove divergencies in ME and cone isolation to compare with measurements)

e Need corrections for hadronisation to compare with measurements

X Chen et al, JHEP 04 (2020) 166
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Next-to-next-to-leading-order QCD calculations: NNLOJET (lI)

1 1
Opp—vy+X = Z /O dx .fi/p(wla F’/%‘)L dx2 .fj/p(w27 N%‘) 0ij—~at
1,7,Q
: 2\ f1 2y [* 2
> dz DZ(Z,uf)/O dzq fi/p(wlauF)/() dx2 f/p(T2, KF) Gij—sab

. . Zo .
z,g,a,b e

e Full fixed-order NNLO QCD calculations with direct and fragmentation processes
— fragmentation contribution calculated as the convolution of jet cross section
and fragmentation function

e Photon isolation requirement: cone isolation at parton level (as in experiment)

e Need corrections for hadronisation to compare with measurements

T Gehrmann and R Schirmann, JHEP 04 (2022) 031 & X Chen et al, JHEP 08 (2022) 094
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Next-to-next-to-leading-order QCD calculations: S Badger et al

T TR TS IO L TR

1 1
Topix = 3 | dwr fippler i) | dws £ipp(@oud) G

?’7.7761’

e Full fixed-order NNLO QCD calculations including two-loop corrections to
~ + 2 jets, virtual corrections to v + 3 jets and tree-level v + 4 jets
— only direct contribution

e Photon isolation requirement: Frixione isolation at parton level to remove
divergencies in ME

e Need corrections for hadronisation to compare with measurements

S Badger et al, arXiv: 2304.06682
QCD@LHC 2023 (September 4-8, 2023) Claudia Glasman (Universidad Autonoma de Madrid)




Recent results on photon physics @ LHC 12

pQCD calculations: theoretical uncertainties
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ATLAS Collab, JHEP 10 (2019) 203 & JHEP 07 (2023) 086
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Impact of inclusive isolated photon measurements @ LHC on PDFs

| NNPDF2.1 dataset + Isolated-photon world data . StUdy Of the impaCt On the gluon denSity Of

F existing isolated-photon measurements from a
107} variety of experiments, from /s = 200 GeV up
— | = oosp st st to 7 TeV
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E v camesproons 1619 — reduction of gluon uncertainty up to 20%
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D d’Enterria and J Rojo, NPB 860 (2012) 311
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pp — v + X: inclusive isolated-photon cross sections L =2.26fb1

e EJ > 190 GeV, E£°(0.3) < 5 GeV and

ly7| < 2.5 (excluding 1.44 < |y7| < 1.53209 cuis |  aaemtasTew
E __ —%— 21<|y'|<25(x10°%) __
< B —A— 157<|y'|<2.1(x10*
e d20 /dE]dy" decreases by four & A SO
orders of magnitude in the 0L —e— 1yi<0s E
o v NLO JETPHOX NNPDF 3.0 7
measured range T T
= ~ —¥—= =
O “A
e Values of E. up to 1 TeV T, —t— .
are measured —_ A -
= u B —a— 4 N
e Shape of d?c'/dE)dy” similar for 1 . N
different y” regions . . =
— e =
103 — —_—— —
e Comparison with pQCD predictions: ~ ** AT 407 S0 £ (Gev)

— NLO predictions from JETPHOX based on NNPDF3.0 NLO PDFs describe the

data within the uncertainties
CMS Collab, EPJC 79 (2019) 20
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pp — v + X: inclusive isolated-photon cross sections
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— NLO predictions from JETPHOX based on NNPDF3.0 NLO PDFs describe the
data within the uncertainties
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pp — v + X: inclusive isolated-photon cross sections L =2.26fb1
NNLOJET pp—v+X V5=13TeV

NNLO =1 o
CMS +—e—

e Comparison with NNLOJET predictions: - e F
(parton level, no hadr cor, - N I ]

do/dpr [fb/GeV]
do/dpr [fb/GeV]

no fragmentation, hybrid isolation) | tweorsr, | 5] weorar,

— most data points agree with the NNLO. : == :
prediction within the uncertainties £ | [se=tr=smy s

— discrepancies mainly observed at  Zal e et —
high p:_{j °° p;[c,eéf R ) e

0 T T T 0

—> the prediction for the slope of the =] el o= |
p% cross section for 0.8 < |y7| <1.44 ¢ ‘_H_"“—\_ R E—L_HL o
is harder than in the data Cimeral R arads ]
—s might be attributed to the PDFs [zt 1 SRR

do/dpr [fb/GeV]
do/dpr [fb/GeV]

T ot
08 200 l 300 500 700 T000 0% lzloi)r l 300 500 700 1000
prIGeV] phiGeV)
CMS Collab, EPJC 79 (2019) 20 X Chen et al, JHEP 04 (2020) 166
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pp — ~ + X: inclusive isolated-photon cross sections L —139fp 1

e EJ > 250 GeV, E°(R) < 4.2-1073 - EJ. + 4.8 GeV and
In7| < 2.37 (excluding R = 0.2 R=0.4

= 10° . : — —
1.37 < |[n7| < 1.56) o 103 R=02 ,'E{T‘ia(;ﬁmoo) - R=04 ATLAS
04 . (\D 102 ©0.6 <n'| <0.8 (x107) E_._ Vs=13TeV, 139 fb™
e do/dE decreases by six £ | = ool 0 JE e
orders of magnitude inthe % 1o e memenen — e
10_ ""'_._-lo—# Poste, <In'| <2.37 (x10 é‘ _——-—“0"_0_ —
measured range 810_2 -, T — e e e
~ 10—3 e e e L dimiaigtatets ;‘f""___ - O e gt
e Values of E up to 2.5 TeV e e T - e T
s a wm T B3 e T e
are measured 107 - e 3F T
1 0_6 == NNLOJET —n-*# et i ' é‘ i '
o Shape of do/dE7 similar for 1o7p _ieeme e
. . . _8 == JETPHOX (1 = ET/2 ) ;_
different 7 regions and radii ]89 L O 00D TN ] e
] ] 10 I(ME+ITS@NI_IOC)(‘:D,NINPIZI)FSI.O)I | § | | | | L |
e Normalisation of do /dE.. for 1" 300 1000 2000 300 1000 2000
[ ] T ’Y 'Y
R = 0.2 is higher than for R = 0.4 E; [GeV] E; [GeV]

e Comparison with pQCD predictions:
— NLO and NNLO predictions generally describe the data within the uncertainties

ATLAS Collab, JHEP 07 (2023) 086
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pp — < + X: inclusive isolated-photon cross sections L =139fb!
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e Comparison with pQCD predictions:
— NLO and NNLO predictions generally describe the data within the uncertainties
— NNLO prediction in 1.56 < |p7| < 1.81 below the data

— Differences in slope between NNLO and data might be attributed to the PDFs
ATLAS Collab, JHEP 07 (2023) 086
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pp — ~ + X: inclusive isolated-photon cross sections

JETPHOX predictions based on different
PDFs in two 77’7 reglons
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e Comparison of pQCD predictions based on different PDFs shows differences
— The measurements have the potential to constrain further the PDFs
ATLAS Collab, JHEP 07 (2023) 086
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pp — ~ + jet + X.: isolated-photon plus jet cross sections
e Photon selection: E] > 125 GeV and |n7| < 2.37, excluding the region 1.37 < |n7| < 1.56
e Photon isolation: E3°(0.4) < 4.2-107% . Ej + 10 GeV; AR 7" > 0.8
e Jet selection: anti-k; algorithm with R = 0.4, leading jet with p/t" > 100 GeV and |y*t| < 2.37

o do/ dp*]l‘f’t_lead decreases
by more than four orders
in the measured range
— values of up to 1.5 TeV

are measured

o do/dA¢7 I is restricted _

to ApY It > /2 to av0|dD

the phase-space region
dominated by photon

lsas zadl
lece 22
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e Comparison to NLO predictions of JETPHOX (+ hadr cor) and SHERPA:

— good description of data within experimental and theoretical uncertainties
ATLAS Collab, PLB 780 (2018) 578

QCD@LHC 2023 (September 4-8, 2023)

Claudia Glasman (Universidad Autonoma de Madrid)



Recent results on photon physics @ LHC 21

Photon plus jet production: testing pQCD

pp — ~ + jet + X: isolated-photon plus jet cross sections L =32fb1

e Photon selection: E] > 125 GeV and |n7| < 2.37, excluding the region 1.37 < |n7| < 1.56
e Photon isolation: E£°(0.4) < 4.2-107% - EJ + 10 GeV; AR > 0.8
e Jet selection: anti-k; algorithm with R = 0.4, leading jet with p/t" > 100 GeV and |y*t| < 2.37

NNLOJET ppoyTier Va=13 Tev NNLOJET PP-y+jet VE=13 Tev
103 o

0 NLo
i arias ]

e Comparison with NNLOJET
predictions:

102

i
o

-3 | NNPDF40_nnl, 01180 "
Pr=Pr=Pr, Pa=Tcone 10 = NNPDF40_nnlo| as_01180

(parton level, no hadr cor,

with fragmentation, -

cone isolation) e Tl s ™ : s e, e T e

— excellent description of
data with reduced scale — :
uncertainty N R o

e For 100< pjet <125 GeV and 7 /2 < A¢Y—J°t < 67 /10, the calculation is effectively
only of NLO- type and uncertainty is large

e The region pT > 500 GeV is dominated by events with two hard recoiling jets
and a relatively soft photon — these configurations are also effectively at NLO

accuracy resulting in increasing scale uncertainties
ATLAS Collab, PLB 780 (2018) 578 X Chen et al, JHEP 08 (2022) 094
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Photon plus jet production: testing pQCD

pp — ~ + jet + X: isolated-photon plus jet cross sections L =359fb1

e Photon selection: pJ > 200 GeV and |y?| < 1.4
e Photon isolation: E%°(0.3) < 5 GeV; ARY° > 0.5 |
e Jet selection: anti-k; algorithm with R = 0.4, leading jet with p)t" > 100 GeV and |y’*!| < 2.4

e do /dp/. decreases by five
orders of magnitude in the
measured range

e Values of p.J. up to 1.5 TeV
are measured

dcxyldp}’r [pb/GeV]

e Comparison with pQCD predictions:
— LO prediction from aMC@NLO has a
different shape than the data
— NLO predictions from aMC@NLO,
JETPHOX and SHERPA show a better
agreement with the data

CMS 35.9 fb™ (13 TeV)
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CMS Collab, JHEP 05 (2021) 285
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Photon plus jet production: testing pQCD

pp — ~ + jet + X: isolated-photon plus jet cross sections L =359fb1

e Photon selection: pJ > 200 GeV and |y?| < 1.4

e Photon isolation: E%°(0.3) < 5 GeV; ARY° > 0.5

e Jet selection: anti-k, algorithm with R = 0.4, leading jet with p/* > 100 GeV and || < 2.4
CMS 35.9 fb* (13 TeV)

e Comparison with pQCD predictions:

— T T T T T T T T ]
£ Data stat+syst unc
|

— LO amCc@NLO has (10 — 30)% PDF - Scale mm Theory [ stat :
disagreement in shape with the = “NLO aMC@NLO -
data for p% < 600 GeV o Datasmusystune TS

mm PDF cale mm Theory 0O stat —E

— NLO aMC@NLO is in agreement

|

with the data within uncertainties ooy JETPHOX ™™
. . . Data stat+syst unc =
— SHERPA is above (consistent with) the Stat unc =
Y N —
data for p; < (>)500 GeV = "Loamo@nLo

— JETPHOX Is above (consistent with) the

Data stat+syst unc

JII|IIII|IIII|IIIIIIII|II
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data for pJ. < (>)500 GeV | Statune .
e Experimental uncertainties smaller than B ... ., SHERPA , E
] o i 200 0 600 800 1000 1200 _ 1400
theoretical uncertainties for low and intermediate p. Pl [GeV]

— The measurements have the potential to constrain further the PDFs
CMS Collab, JHEP 05 (2021) 285
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Ratio of inclusive-photon cross sections: tests of pQCD

pp — v + X: inclusive isolated-photon cross sections

o R13/8 — [da/dE (v/s =13 TeV)]/[da'/dE (v/s = 8 TeV)]
e The measured ratio L = 20.2 fb—l (8 TeV) and 3.2 fb—1 (13 TeV)
— increases as E Increases from ~ 2 at E). = 125 GeV to =~ an order of
magnitude at the endofthe s " @ T ] e e L
spectrum [ Mo dco ETPHON: 1 aof Moaco uereHox: .
— increases as |n7| at fixed B T, e | - 'l'
1 L o
e The NLO QCD predictions I S e '
reproduce the measured R/, /8 5 T E T B ;
— in particular, the increase = § 12 -~ %= 1 g e
with E7. or || at fixed E], = | -
for all PDF sets considered - _
within much reduced T =
uncertainties 0'162_5 200 300 400 '1'01) - 0'162_5 200 300460 500 600
El [GeV] El [GeV]

= Very stringent test of pQCD and of its scale evolution
ATLAS Collab, JHEP 04 (2019) 093
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pp — ~ + X: inclusive isolated-photon cross sections L —139fp 1

e Dependence on R studied by

measuring the ratios of the = | amas e ]
differential cross sections for £ i 1 |
R=0.2 and R=0.4 as functions oot
of E] in different regions of 7 ¢ o
Sl dema. o dtma
e These measurements provide a gr,e i b3 | ]
very stringent test of pQCD with |
reduced experimental and 8 _
theoretical uncertainties il '
(both =~ 1%)) ‘
oo oo | Heras
El [GeV] El [GeV] El [GeV]

= Validation of the underlying pQCD theoretical description up to (’)(ag)

ATLAS Collab, JHEP 07 (2023) 086
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pp — Z + jets and v + jets

e Measurement of [do/dpZ]/|do /dp]] as a function
of PT

e The ratio
— increases as pt increases from =~ 0.03 at
pt = 200 GeV to = 0.05 at pr = 1.4 TeV

e Comparison with NLO QCD predictions:

— aMC@NLO is in agreement
with the data within uncertainties

— SHERPA is below (consistent with) the
data for pt < (>)300 GeV

= Very stringent test of pQCD
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Photon+2 jets: probing the production mechanisms

pp — ~ + 2 jets: isolated-photon plus two-jets cross sections £ = 36.1fb—!
e Photon selection: E] >150 GeV and |n?| < 2.37, excluding the region 1.37 < |n7| <1.56

e Photon isolation: E3°(0.4) < 4.2-107% . Ej + 10 GeV; AR 7" > 0.8

e Jet selection: anti-k; algorithm with R = 0.4, leading jet with p*" > 100 GeV and |y’*!| < 2.5

e The photon and the leading and subleading jets are considered to study the
dynamics of prompt-photon production when accompanied by jets
— the photon + 2 jets final state provides a deeper understanding of the
fragmentation component which remains after the isolation requirement

e Three phase-space selections:

— total: all photon + 2 jets events

— direct-entiched: E7. > p“‘;fetl

— fragmentation-enriched: pjTetz > EJ.

direct photon fragmentation photon
ATLAS Collab, JHEP 03 (2020) 179
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e Differential cross sections as functions of mJet—Jet in different regions:
Fragmentatlon
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e The characteristics observed in the measured cross sections in the
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fragmentation and direct regions are in agreement with the expectations based
on the two underlying mechanisms which dominate each sample

e Comparison with NLO QCD calculations:
— Adequate description of the shape and normalisation of the data by SHERPA

NLO within uncertainties, except at high mJet—Jet values
ATLAS Collab, JHEP 03 (2020) 179

QCD@LHC 2023 (September 4-8, 2023)

Claudia Glasman (Universidad Autonoma de Madrid)



Recent results on photon physics @ LHC 29

e Differential cross sections as functions of Aq&iet_jet in different regions:
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e The characteristics observed in the measured cross sections in the
fragmentation and direct regions are in agreement with the expectations based
on the two underlying mechanisms which dominate each sample

e Comparison with NLO QCD calculations:
— Adequate description of the shape and normalisation of the data by SHERPA

NLO within uncertainties
ATLAS Collab, JHEP 03 (2020) 179
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Photon+2 jets: testing pQCD A@s

EEEEEEEEEE
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e Comparison with NNLO QCD calculations:
(parton level, no hadr cor, no fragmentation, Frixione isolation)

— improved description of the data with smaller uncertainties than NLO
— differences for E% >1 TeV — attributed to electroweak effects (not included)
— differences for mJ°t—J°t < 100 GeV — attributed to different isolation
(resummation effects should play no role in this region)
— for Aglet—iet NNLO corrections essential to describe shape of distribution
ATLAS Collab, JHEP 03 (2020) 179 S Badger et al, arXiv: 2304.06682
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Diphoton production @ LHC £

pp — v~ + X: isolated-diphoton cross sections £ =139 fb1
e Photon selection: pr ., (2) >40 (30) GeV and || < 2.37, excluding the region 1.37 < |n7| <1.52
e Photon isolation: E£°(0.2) < 0.09 - pJ GeV; AR > 0.4
e Measurements of diphoton production in pp collisions provide
— tests of pQCD predictions
— input to understand the background to Higgs production and BSM searches
in diphoton decaying channels — validation of Monte Carlo models

e Diphotons are produced via two mechanisms: direct and fragmentation processes

e Main challenge and source of uncertainty
— estimation of the background from non-prompt photons in jet events

— data-driven technique is used to estimate this background
ATLAS Collab, JHEP 11 (2021) 169
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Diphoton production: testing pQCD &)

e Differential cross sections as functions of pr -, and pr .,:
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— fixed-order and NNLOJET Diwnox || NLO | LO | - | - | - Lo NLO -1 -

s gn . Nncoser || NNLO | NLO | LO | - - LO - [ - - -

predictions not expected to be valid Stmrea NLO o | P | Lo MEPS | PS | v

in regions where effects of multiple collinear or soft QCD emissions are relevant
— ME+PS@NLO SHERPA provides remarkably good agreement with data in these regions

— describes the shape but not the normalisation of the data, except for
PT,, <40 GeV

— NNLOJET and SHERPA are compatible with the data over the full measured

range
9 ATLAS Collab, JHEP 11 (2021) 169
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Diphoton production: testing pQCD &)

e Differential cross sections as functions of m-+ and pr -~ :
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e The shape of the m4
distribution is governed
by the p.. requirements
— the region
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configurations, which are not modelled well by NLO and benefit
significantly from higher-order contributions included in NNLOJET and
SHERPA
o fails to describe the data

e NNLOJET gives an improved description of the data, but there are regions in
which an even higher-order calculation is needed to describe the data

e SHERPA agrees with the data within the (large) uncertainties

ATLAS Collab, JHEP 11 (2021) 169
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. | Summary: shedding light on QCD @ LHC...

EEEEEEEEEE

e Measurements of inclusive-photon, photon+jet, photon+2jets and diphoton
production and ratios of cross sections from ATLAS and CMS @ /s = 13 TeV
have been presented

— very precise measurements with smaller uncertainties than in theory
— very stringent tests of pQCD up to NNLO

— sensitivity to PDFs — potential to constrain further the PDFs

— tests of colour dynamics

— tests of underlying production mechanisms

e The most recent results indicate that there are regions of phase space in which
even higher-order calculations together with improved PDFs might be needed
to improve the description of the precision measurements
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