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Photon production in pp collisions at LHC I

e Photon production in pp collisions allows 0‘
— tests of perturbative QCD P d
— 1o extract information on the proton PDFs

e Possibilities to study inclusive production of photons &
or in association with jets 9 \
e Prompt photons represent a cleaner probe P \\\\
t

photon

of the hard interaction than jet production Je
e Aid searches involving photons orERiss+jets 3 /thoton
(through ratios Z+jets/~y+jets) D ?

e Diphoton production is of special interest as

the major background to H — ~~ E)/\\:hoton
q

P
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\Inclusive photon production at 8 TeVI
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‘ Inclusive isolated-photon production inpp collisions aty/s = 8 TeVI
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e Significant improvement in experimental uncertainties ove the previous measurements
e Good description (in log scale) of the data by NLO QCD calculaons using JetPhox
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‘ Major experimental uncertainties I
ATLAS Coll., JHEP 06 (2016) 005
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e The uncertainty on the photon energy scal& (about 1% except in the region
1.56 < |777| < 1.81) IS dominant at hlgh E% X (ATLAS Collaboration, Eur. Phys. J. C74 (2014) 3071)

e The uncertainty on the correlation in the background (10%) dominates at lowE?.,
but negligible at high E7.
e The uncertainty on the admixture of direct and fragmentation photons increases at lowE,).
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‘ Inclusive isolated-photon cross sections vs NLO QCI)
ATLAS Coll., JHEP 06 (2016) 005
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e Comparison to NLO QCD calculation using the JetPhox program
— a similar trend is observed at low E.}. in all || regions, the NLO QCD predictions
underestimate the data by~ 20%
— the theoretical uncertainty (12-20%) prevents a more preae test of the SM predictions
e Halving the measured uncertainties compared to previous nesurements
= useful constraint on proton PDFs once included in a global fit
J. Terron UAM May 9th, 2017
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Photon+jet(s) production at8 TeVI
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Dynamics of~ + jet production in pp collisions at/s = 8 TeVI

—
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e

Jetl
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e Study of the~ + jet dynamics by measuring £ 1:E'--_._ ?TL;TSV Zoszﬁ;
5 ; : . = - . s=8TeV, 20. E
the differential cross sections as functions of 8 e Data ]
—107'F — #44 NLO QCD E
— Photon: E i . UETPHOX.DF)
o
©
©

— Leading jet: p

el

—

<
w

m

—= E

— Photon+Lead|ng jet: mY—7¢t1 cos 6* -

; -4; —>vy+jet+ X i
where cos 6* = tanh  (y/°*! — n7) N R -
10_51 Py > 100 GeV

0* = scattering angle in centre-of-mass frame g 14F
: : Q  q2F

for 2 — 2 hard collinear scattering S ikssnee /M
0.8

e Measurements in the phase-space region defined ** 200 700500 600 7600

ATLAS Coll., NPB918 (2017) 257

by: EJ. > 130 GeV, |n7| < 2.37 (excluding the Er [GeV]

region 1.37 < |n7| < 1.56), 2" > 100 GeV, |yi°t!| < 4.4 (anti-k; algorithm

with R = 0.6), E;3° < 10 GeV andAR,; > 1
e Comparison to NLO QCD calculation (JETPHOX) corrected for non-perturbative effects
e Good description of the measureddo /dEJ}. by the NLO QCD calculations
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Dynamics of+ + jet production in pp colIisionsI
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ATLAS Coll., NPB918 (2017) 257

e Additional requirements for do /dm”~7¢t! and do /d| cos 6*| to remove biases:

InY 4+ y?¢t| < 2.37 , |cosO*| < 0.83

e In the selected (unbiased) region the angular distributiorincreases ag cos 8*| increases
e Good description of the data by the NLO QCD calculations withn the (small)

experimental and theoretical uncertainties=- validation of the description of the

dynamics of~+ 4+ jet production in pp collisions atO (aema?)

mY—Jetl > 467 GeV
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Dynamics of+ + jet production in pp colIisionsI
ATLAS Coll., NPB918 (2017) 257
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o

e Measured angular distribution in regions of photon-jet invariant mass
= good description of the data by NLO QCD in shape and normalisaon
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Dynamics of+ + jet production in pp colIisionsI
ATLAS Caoll.,

NPB918 (2017) 257
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e Measured angular distribution closer to that of direct-photon processes than fragm.
= consistent with the dominance of processes in which a virtdauark is exchanged

J. Terron UAM May 9th, 2017



Photon (+jet) and diphoton... 12

‘ Dynamics of~ + 2jet production in pp coIIisionsI
ATLAS Coll., NPB918 (2017) 257
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e First measurement ofy + 2jet production in pp collisions aty/s = 8 TeV:
E7. > 130 GeV, p’t*" > 100 GeV and p’*? > 65 GeV

e Measurement ofda/dp{'ﬁt2 and angular correlations between the photon and the jets
— Ao between the photon and subleading jetA ¢ —7¢%2)
— A between the leading and subleading jets ¢? ¢t —7¢t2)

e Good description of the data both in shape and normalisatiorby the NLO QCD

predictions computed with Blackhat
J. Terron UAM May 9th, 2017
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‘ Dynamics of~ + 2jet production in pp coIIisionsI
ATLAS Coll., NPB918 (2017) 257
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e Comparison to the predictions of Monte Carlo generators:
— PYTHIA: 2 — 2 matrix elements plus parton showers
— SHERPA: 2 — n (n = 2, ..., 5) matrix elements plus parton showers
e MC predictions normalised to data: shape comparison only
e Good description of the data by the SHERPA predictionawvhile PYTHIA fails to describe
the distribution in p?*? and the angular correlations
= The inclusion of higher-order tree-level ME makes SHERPA sperior!
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‘ Dynamics of~ + 3jet production in pp coIIisionsI
ATLAS Coll., NPB918 (2017) 257
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predictions computed with Blackhat
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‘ Dynamics of~ + 3jet production in pp coIIisionsI
ATLAS C.OI.I". NP8918 (2017) 257
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Photon pair production at 8 TeVI
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|solated-photon pair production in pp coIIisionsI — ’\1"/';“0”
q

e Measurements of the procespp — ~v~v + X with the aim i

of testing pQCD andunderstanding the irreducible N)\hoton

background to new physics processes involving photons :1[)4

or H — ~v
O Mgasuremgnt o.f differential cross sections CATLAS
— diphoton invariant mass, 1.~ \ B A EXPERIMENT
— diphoton transverse momentum,pr -~ T
— azimuthal separation in LAB frame, A¢-~
— cos 67 — ¢, = tan (™= ¢'”) sin 6
— transverse component ofpr, -~ with respect

to thrust axis (ar)

In the phase-space region defined by:
EJM? > 40(30) GeV, |n7| < 2.37 (excluding
the region1.37 < |n7| < 1.56), ARy, > 0.4
and E%° < 11 GeVusing £ = 20.2 fb—*
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Isolated-photon pair production in pp collisions aty/s = 8 TeVI

e Comparison to theoretical calculations ~ —— ————
; - @) 1O4EE ATLAS Vs=8TeV, 20.2 fb‘1é
e Fixed-order QCD calculations (NP corrected) ¢ g 4+ Data + stat. unc. E
) ~ 3L ¢ Total exp. uncertainty —
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S et ﬁ*# i
5 10F ., E
© - E - 3
fad M . 1
= - ¢ ¢ - =
101 "% KX & -
. P S oo 3
— RESBOS program; NLO plus NNLL resummation = aelbNR— -

e New SHERPA (v2.2.1) calculation combining

102~ S T

15
— vy and vy~ + 1p at NLO B
— v~y + 2pand~y~ + 3p atLO 055_ I
—» parton showers e
OF DIPHOX (qa/qg at NLO, gg at LO) o

e The small contribution from H — ~~ is neglected
= SHERPA prediction in agreement with data

1__._._.+'.m.m -6-0—-0—0—6 11
- ST AR D |

0.5F .

Theory / Data Theory / Data

L
ATLAS Coll., arXiv:1704.03839 m,, [GeV]
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Isolated-photon pair production in pp collisions aty/s = 8 TeVI

e Comparison to theoretical calculations
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= SHERPA prediction in agreement with data =
ATLAS Coll., arXiv: 1]7%4 03839 P, [GeV]
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Theory / Data Theory / Data

o
SN

e SHERPA predictions agree with the data
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Pn

e T
5 ATLAS (s=8TeV,20.21b" 3
L -¢-Data + stat. unc. -
g.\ @ Total exp. uncertainty 3
E s, | 2/NNLO (NNLO) =
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e e e e
g DIPHOX (qg/qg at NLO, gg at LO)
r — RESBOS (NLO + NNLL) 1
[ amemm— ¢ ¢ % 1
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do/da; [fb / GeV]

Theory / Data Theory / Data
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E m ]
E +""¢m 5
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- *0-0-0-—0—0—s] —
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ATLAS Coll.,

n

do/d|cos 6 *| [fb]

Theory / Data Theory / Data

kK
| cos 0% |
n
x10%
——
30 ATLAS -
Vs=8TeV,20.2fb" ]
25 4} H =
15? =
£ +Data+stat unc. !
10 ; ¢ Total exp. uncertainty ?
5E 2yNNLO (NNLO) ﬁ =
F +SHERPA2.2.1 (ME+PS at NLO) .
= e
0_ | | L | | \_
15F T T T T T ™3
bbb e b e e des
»v iASeessnninant 1’—T—T—I ]TH+-T-I-_i_+
05:_ | | s | [
1.5F *DIPHOX (qq/qg atNLO, ggatlo)
' — RESBOS (NLO + NNLL) r
1::::33333333533'“::::::‘:::i
£ Ll T B __‘—i
0 0.2 0.4 0.6 0.8
|cos 8,|

arXiv:1704.03839
® A¢. ~ m or atlow values ofpr,~, ar and ¢;, (soft gluon resummation important):
RESBOSand SHERPA do well
e NLO QCD calculations without higher order terms (DIPHOX, RE SBOS) are insufficient
e NNLO corrections (2yNNLO) improve the description, but still insufficient

[fb/rad.]

Y

do/dA¢

Theory / Data Theory / Data

10*

1.5:

Isolated-photon pair production in pp collisions aty/s = 8 TeV

Ady~y

T T T TTTT

T T T TTTTIT

111

-4-Data + slal.‘ unc. ATLAS

¢ Total exp. uncertainty Vs=8TeV, 20.2 fio!
2yNNLO (NNLO)

-+ SHERPA 2.2.1 (ME+PS at NLO)

50000
R
-
yy..toﬁ

% +t

1 1111“”

1 111“”

T —
DIPHOX (qq/qg at NLO gg at LO)
— RESBOS (NLO + NNLL)

......
4 4 4
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\Inclusive photon production at 13 TeVI

J. Terron UAM May 9th, 2017
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Inclusive isolated-photon production inpp collisions aty/s = 13 TeV

— I I I I I I I I | E
> 1k ATLAS Data N
(\D 0 \s=13 TeV, 3.2 fb ° h]y|<0.6 (x1 OO) -
vl ©0.6<n'|<1.37 (x10°7) 3
i - " 1.56<fn'|<1.81 (x107) 5
—.— 01.81<n'|<2.37 (x10™) 13
% 10_1 = _O__O_ e <|n |< ( ) _E'
B - —o— = E
O 102w —0— —— =
= _m —O— —.— 3
1073 ';:D__D__.__l_ _o_—o— —e— _
= = m ——- =
104 — . =
= — A —O= =
= . u —O0— 3
10°E - —— ¥
= == —n 3
1078 = L —8- =
= = NLO QCD (JETPHOX)  —o- —§— -
107~ MMHT2014 PDF £ =
10—8 - | | | | | | _II:_I | .

200 300 400 500 1000

ATLAS Coll., arXiv:1701.06882, accepted PLB

E! [GeV]

e Measurement ofdo /dE7. in different
ranges inn” for 125 < EJ). < 1500 GeV
using £ = 3.2 fb~! of pp collision data
at /s = 13 TeV

e solation: Eis° < 4.2.1072. E] + 4.8 GeV

e The measurement covers more than five
orders of magnitude in cross section

e do/dE7 increases by a factor 2 (10)
at E]. = 125 (1000) GeV with respect to
at /s = 8 TeV

e Good description (in log scale) of the
data by NLO QCD predictions computed
with JetPhox using the MMHT2014 PDFs
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‘ Major experimental uncertainties I
ATLAS CoII arX|v 1701 06882 accepted PLB

[
A TLAS g

" ATLAS ]
" {s=13TeV,3.2fb" " Vs=13TeV, 3.2 1fb"
- 1.81<M' <237

il <06 : ﬁ—ﬁ
—

| [ 1total systematic | [ 1total systematic

Y energy scale and resolution 1 - Y energy scale and resolution
_0_2 |_mmm v identification _ _0_2 |_mmm v identification
- -y ID VS. ES° correlahon in background 7 ~mmy D vS. ES° correlatlon in background

200 300 1000 200 300 400
El [GeV] El [GeV]
e The uncertainty on the photon energy scale dominates at higiZ..: 2-5% except for

1.56 < |n7| < 1.81, where itis 7-18%

e The uncertainty in the photon identification represents a gynificant contribution at
low E7.: itincreases from1-2% at 125 GeV t02-6% at ~ 1 TeV

o
N
o
o

o
—
|
|
©
—

i

relative systematic uncertainty
relative systematic uncertainty

(=)

I
o
~

I

|

I
o
~

e The uncertainty in the correlation between the photon ID vaiables and the isolation is a

significant contribution at low E.: typically smaller than 2%
J. Terron UAM May 9th, 2017
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‘ Inclusive isolated-photon cross sections vs NLO QCI)

£ [ arias 11 Lo aco peTPHON: o] ® NLO QCD predictions underestimate data
S [ 's=13TeV,3.2fb" | == MMHT2014 1 byupto~ 10-15%
o | -Iluminosity uncertainty 11 === ﬁ-ll\_l}34DF3O ]
O 2 e — ) .
= 11 1 @ Theoretical uncertainty 10-15% much
LT 77 larger than experimental uncertainties
| @ For E7. < 600 GeV the measurements are
osf- +Data (<0.6) | ' ~ |] systematically limited

o T =" « NLO QCD provides an adequate descriptio
' ' | of the data within uncertainties

Theory/Data

_fﬂ¢ " M: -Hi | ] e First measurement of inclusive photon
' #|| ] production in the new kinematic regime

1 0 opened by the LHC aty/s = 13 TeV

260 3(I)O 4(I)O 5(I)0 — I1000 2(I)0 3(I)0 4(I)O 5(I)0 — I10I00 - . Ready for the Comparison to NNLO QCD
Er [GeV] Er[GeV] predictions (Campbell, Ellis, Williams arXiv:1612.04333)

ATLAS Coll., arXiv:1701.06882, accepted PLB
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S ey | - =
Summary T [T g0 +Data+§atfn§“°2fb§
& - A TLAS 7 ~ 1 03 L @ Total exp. uncertainty =
— 5 — ; . ————] g " s=8Tev,20.2fb" = 25 PR +§LNE’\|‘RLF(3-\(2”;I;O(:VIE+PS&NLO)f
% i84 TLAS e 0<|n<0.6(x 100) n %;zithQCD 7 E§10 ? . ~ é
O 103 °© 0.6 < || <1.37 (x10?) 8 or (JETPHOX, D+F) | % 106 ey =
S 102 4 156 < |7 <1.81 (x 10 o » S Eof % R
2 10 a 1.81< |y < 2.37 (x 10°) 8 7 1 200 L - E
>Lu|— 11 _.__.__._ & NLO: JerPHox CT10 20'_ it i 10-1E R *,‘. *. ﬁ
o 10 e » cccd . i Oo*-.- 700 300 :
5 107 el e, e s 467 Gev - [ S wvrna
- o —.- . © 1 T :
© i8-4 e, e PP m'+y*"| < 2.37 g 15¢ 7
10° -*-.._+ -, g O 51;4——#—%#4#%@%%4—“;
107 bata 2012 e e T S 12 1o Bes -
- -, -~ —o— -t - o e ——— T
1o: Nhe W " S I AL T T T LN
1910 \s =8 TeV, 20.2 fb™ *"'_!_ O'60-_ 0.2 0.4 0.6 oy % 0.5:_ e E
101 . L e lcos 6% £ @Y
30 40 00 200 300 1000 0 m,) [GeV]
Er [GeV] > L ATLAS  Dpaa
. . . . P 102 ata
e Exploration of isolated photon production in pp collisions &~ F s-13Tev,32m" 4106 cro)
Y 2 ©0.6<’|<1.37 (x107)
upto E ~ 1 TeV = . = 1.56<i'|<1.81 (x10?)
.. : ) : : W T 01.81<p’|<2.37 (x10%)
e Additional experimental information on the gluon density 3 «¥ == -
In the proton e S
0% on —m —= T
e Measurement of the dynamics of photon+jet(s) and diphoton,- = T,
production -
. . . . 0° e
— NLO QCD (JETPHOX -
e Understanding (in pQCD) the background to Higgs into~y~ - =n.oacp ueteHox i
e Overall, perturbative QCD succeeds in describing the data! «—a—r—=r—""5%
E! [GeV]
T
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Backup
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The ATLAS detector'

http://atlas.ch

e Inner detector (ID): tracking and particle identification i n || < 2.5

e Calorimeters: electromagnetic (LAr) — barrel |n| < 1.475, endcapl.375 < |n| < 3.2,
forward 3.1 < |n| < 4.9; hadronic (scintillator/steel, LAr/Cu, LAr/W) — barrel |n| < 0.7
extended barrel0.8 < |n| < 1.7, endcapl.5 < |n| < 3.2 and forward 3.1 < |n| < 4.9

J. Terron UAM May 9th, 2017
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Photon reconstruction in the ATLAS LAr Calorimeter I

e Layout of the ATLAS electromagnetic calorimeter (Lead-liquid Argon)

— barrel section, |n| < 1.475

— two end-cap sections1.375 < |n| < 3.2
— three longitudinal layers

— First layer: high granularity in n
direction, width 0.003-0.006 (except for

1.4 < |n| < 1.5and |n| > 2.4)

— Second layer: collects most of the energ
granularity 0.025 x 0.025in71 X ¢

— Third layer: used to correct for leakage

e Cluster of EM cells without matching track:
— “unconverted” photon candidate

e Cluster of EM cells matched to pairs of tracks(from
reconstructed conversion vertices in the inner detector)
or matched to a single trackconsistent with originating
from a photon conversion

— “converted” photon candidate

J. Terron UAM May 9th, 2017
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\ Photon identification in the ATLAS LAr Calorimeter I

e To discriminate signal vs background:shape variables from the
lateral and longitudinal energy profiles of the shower in the
calorimeters; “loose” and “tight” identification criteria .

e “Loose” identification criteria :

— leakageRnqqa = E2*¢/Er (1st layer hadronic calorimeter)
— R, = E527/E$§7, S2=second layer of EM calorimeter
— RMS width of the shower in n direction in S2

e “Tight” identification criteria :

— the requirements applied in “Loose” are tightened

— Ry = E523/E3x7

and shower shapes in the first layer (to discriminate singlgghoton
showers from overlapping nearby showers, such as® — ~~) ”\\
— e.g. asymmetry between the 1st and 2nd maxima in the energy

profile along n (S1)

™ =y
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‘ Photon identification efficiency' ATLAS Coll., ATLAS-CONF-2012-123

CONVERTED PHOTONS UNCONVERTED PHOTONS

S 4 £ 1F -
0.9+ ] 0.9 _
0.8~ ATLAS Preliminary | 0.8 ATLAS Preliminary ]

=7TeV =
0.7k \s=7Te B 0.7l \s=7TeV |
— -1 -1
0.6 ® Data 2011 IL dt=4.9 b | 0.6 ® Data 2011 _IL dt=4.91b B
. v Nomrar Mo Convertedy ' 5 Corected MC Unconverted y
0.5+ Ini<0.6 — 0.5 In| < 0.6 —

s2 0.1-

2o O
-0.1F

20 30 40 50 10° 2x10° 20 30 40 50 102 2x10°
E; [GeV] E; [GeV]

e Data-driven measurements of photon identification efficieay for converted and
unconverted photons (radiativeZ decays, extrapolation frome* and matrix method)
compared to estimations based on Monte Carlo simulations

J. Terron UAM May 9th, 2017
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Other sources of photoni

e Quarks and gluons are sources of Tt

m0->yy
T{+

photons
guark/gluon TI0—>\
M T+

— Quarks and gluons fragment mostly E—— <>
into pions and, by isospin symmetry,1,/3 \ n—

are w°’s, which decay into two photons
= ~’s are produced copiously inside jets!

— Quarks have electric charge and radiate

photons y
= fragmentation function D, (2, 1) quark i : i

= Distinct feature: these photons are inside jets, i.e. not dated!
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Photon isolation.

ISOLATION CONE

PHOTON | ¢

Direct-photon Fragmentation

e It is essential to require the photon to be isolatedlt is achieved by requiring
Ei°e = . EL < ERa* with the sum over the particles (except the photon!) inside

_Centered on the photon in then — ¢ plane

e The isolation requirement suppresses the contribution of potons inside jets:
70 (as well as other neutral mesons) decays and the fragmentati contribution

J. Terron UAM May 9th, 2017



Photon (+jet) and diphoton... 33

\ Photon isolation in ATLAS I

e Eis°(R = 0.4) computed using Pt A
clusters of calorimeter cells (EM and |t SOATIE A S

HAD) in a cone R = 0.4, excluding [ | . | 1 EXPERIMENT
the contribution from the photon ‘ R e e s

e Subtraction of the leakage of the
photon energy outside that region
(few %)

e The underlying event and

contribute to E’s°!

Subtracted on event-by-event
basis using the jet-area method
of M. Cacciari et al

e After isolation requirement,
residual background still expected
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: : : ATLAS Caoll. PRD83 2011 052005
\ Photon isolation in ATLAS I D TR (oL
M ATLAS

12000

100 MeV

180 | . . . _ 1
e E7¢ Is corrected by subtracting the estimated looool . ILdt 880 nb
contributions from the underlying event and £ 2000 - * Daa2010Ns=7Tev
L
pileup; the correction is computed on an 5000 .

¢
III|III|III|III|III|III|III

: . . . *. Tight Photons
event-by-event basis (to avoid the large fluctuationg),, .. £ > 15 GeV
using the jet-area method (M. Cacciari et al.) 2000E-* ...

— ambient transverse-energy density ST TUP T TUTTTOTI  OROE
0O 05 1 15 2 25 3 35 4 45 5

040 MeV (m R = 0.4 Cone) fOI’ events Wlth at leaSt Ambient Transverse Energy Density [GeV/Unit Area]

one photon candidate withE+ > 15 GeV and § eoof T TG
exactly one PV (170 MeV for each extra PV) g 80~ ¢ Vs =7 Tev, fLat= 880 b
e After the correction the E:$° distribution £ E 060
+ 25 GeV < E; <30 GeV

IS centered at zero with a width of1.5 GeV 500 « Data, y passes tight ID cuts

U'l*llllllIII|IIII|IIII|IIII|IIII|IIII|IIII|IIII|I
(o8] IIII|IIII|IIII|IIII|IIII|IIII|IIII|IIII|IIII|I
(&)

+ I
in simulated signal events . » Data,y falls tight ID cuts
300 ot
200 = xz
100 « * ey
0 "_,‘J'A'I-Al Loy v v 1 |ﬁ|
- 0 10 15 20 25 30

Isolation [GeV]
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‘ Background subtraction'

e Residual background still expected even after

the tight identification and isolation requirements

e A data-driven method necessary to avoid relying

on detailed simulations of the background processe
e The two-dimensional sideband method:
— photon identification vrp vs E4° plane £ (GeV]
e It is assumed that for background eventghere is no correlation betweeny;p and E}SO

FAIL TIGHT
O

GAP
O

PASSAIGHT
GAP
o

Nblcg Nblcg o kag.kag
Nék:g — Ngk:g — Rbkg = Nilkg Nka:g —
B D B “VC

and the effects of the small signal contaminations can be aggnted for by using

NA— Zig NC—ecNZig . . ;
— — : to extract the signal yield N "¢
NB—GBNZzg ND—GDNZLQ g y a

the leakage fractions ¢x = N9 /N5, K = B, C, D) are estimated using MC
samples of signak=- purity rises from 60% ( E}. ~ 25 GeV) to 100% (&, ~ 300 GeV)
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Diphoton: sample com

position and experimental uncertaines

Process

Two-dimensional template fit

Event fraction [%]

Matrix method

Y
7]
Aol
Ji

ece

75.3 4 0.3 (stat) 725 (syst)
14.5 + 0.2 (stat) T3°% (syst)
6.0 + 0.2 (stat) 713 (syst)
1.6 & 0.2 (stat) 799 (syst)

2.6 + 0.2 (stat) 709 (syst)

73.9 + 0.3 (stat) 51 (syst)

14.4 4+ 0.2 (stat) T3 (syst)
5.8 + 0.1 (stat) £ 0.6 (syst)
2.4 + 0.1 (stat) 70 (syst)

3.5 £ 0.1 (stat) + 0.4 (syst)

Source of uncertainty

Impact on o [%)]

Photon identification efficiency
Modeling of calorimeter isolation
Luminosity

Control-region definition

Track isolation efficiency

Choice of MC event generator

Other sources combined

Total

ATLAS Coll., arXiv:1704.03839

C
O T T T T I T T T T I T T T T T T
© ----Data (16.8+ 0.8 pb) ATLAS
2 |+ 10 band Vs=8TeV, 20.2 b
1925 g [ ]t2cband
+2.0 S
o Sherpa 2.2.1 (ME+PS merged at NLO)
+1.9 Q 16.472 pb
+1.5 = ’
—LT © DIPHOX (qa/qg at NLO, gg at LO)
C 3 .
+1.5 © 10.777 pb
P _
+1.1 % RESBOS (full NLO + NNLL)
e Z 12.1 pb e
J_rfij“;’ 2yNNLO (NNLO)
14.2%3pb — 3
1 1 1 1 I 1 1 1 1 I 1 1 1 1 I 1 1
0 5 10 15 20

Integrated fiducial cross section [pb]
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‘Diphoton: Es° distributions I

x10°_

X
—k
10
w

> 35 — . - . — — % = L 3
S F 4Data ATLAS 1 G 30F +Data ATLAS =
S 5% —Fullmodel (s=8TeV,202f0" § & o5 — Fullmodel /s =8TeV, 20.2 fb =
@ 29F [ Syst unc. = 20; Syst. unc. .
& 205 —W 4 8 “F W -
D qsp 1@ 15p E
10F i = E

55 ee 7 o = 5t -cee P = =

_ ] 2 e i i freee i T R e S 134 = B 0 - —
% g_ T T T T T _g % 19 E_I T T T | | _;
= E LS e T YL S e PR S --0% = 1 ;—-- -_}-_..+..-+-'?:"-°-'-_-.-_T!'-'-°-'.'9=..... TREPTOBPS S _a o _._..__..—Q.——o—_._,ué
= - - 34 = ogd + . E
© 5 4 6 3 | ) 0 5 6

E7S[GeV]

ATLAS Coll., arXiv:1704.03839
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Diphoton: sample compositio

> 10° % 3 10° T T 4 5
o ATLAS +Data ; o ATLAS + Data 2 10° ATLAS -
210° (s=8TeV, 202" [Jyy E 2 10° Vs =8TeV,20.2 " [Jyy - 5 (s=8TeV,20.2 10" -
C . . m ] . . . E ~ 10 E
240 Evi+iv+ii . 2 Evi+iv+ii ° 4Data |
Wee & Bee ; 3 ] ]
_ > Y .
10 3 10 3 L . .
= : 10 Evi+jy +ii
1 E 1 E Wee ]
107! E 107! E 1072 -
0 500 1000 1500 0 1072 1 10° 10%, .
m,, [GeV] P, [GeV] 0,
% T T 1 T T ] %107 L B L B g HNL L L L I L L L L
® 10* ATLAS +Data = B ATLAS E ?Yata Sk t Data ATLAS
- - 3 = _1 . . e = _1
2.0 Vs=8TeV, 202" [Jyy E g . ls=8Tev, 202"  =of . g Ezjv)r - Vs =8 TeV, 20.2 fo
o VT ~ Mee S 405
2 Evi+iv +ii 3 @ D 10°F mee
102 Wee 3 s
] m 10 10°
10 E
1 . 10* 10°
10” . 10° 10°
02 04 06 08 1 o 05 1 15 2 25 3
a; [GeV] lcos 6, | Aq)w [rad.]
ATLAS Coll., arXiv:1704.03839
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Diphoton: experimental uncertainties

2 L L ‘ 2 L ] 2 AL AL B
5 % statistical ATLAS 7 § o4 — Statistical ATLAS - § . ATLAS E
§ | -- Systematic Vs=8TeV,20.2f" g [ -- Systematic [s=8TeV, 202" ] § Vs=8TeV, 20.2 b ]
> - — Total . 2 — Total = > = .
g 02 < g 01 T e -
c c C A
S S S E .
g E 5 o = :
i i s Un ]
| 01 - L — i
N B Statistical - R
"""""""""""""" B - -- Systematic y
-0.2— —
_ : — Total g
L | L L L L | L L L L | L L L | L L L | L | Gl vl vl v vl v v v vl vy 7
1000 1500 0 200 400 600 1072 107 1 10 102 10° 104
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%’ L L B L A e %‘0.2“‘\“ E’ C L L L B B L B
S - Statistical \{ATLAS . 3 i ATLAS i s 02— Stafistical  A714S .
8 0. -- Systematic s=8TeV,20.2fb" ] 3 r _ 4 i g C -- Systematic _ 4
g C  Totml i g o4 Vs=8Tev,202f = £ r — Total Vs=8TeV,20.2fb" ]
IS T ] T
S S 1 s O
S o 1 %
L C ] L [~ : [T B i
0 o N AN e A e A e i (o] = —
-0.1—~ Statistical .
+  -- Systematic E
- —Total R
: | | | | : -0.2- | | | | B | | | | | [
0 100 200 300 400 0 0.2 0.4 0.6 0.8 1 0 0.5 1 1.5 2 2.5 3
a; [GeV] |cos 6, Ac])yY [rad.]

ATLAS Coll., arXiv:1704.03839
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‘ NLO QCD calculations for inclusive photon production'

1 1
Opp—y+X = Z/O dz; fi/p(wl,ufr)/o dzs fi/p(®2, BF) Fijosvat

7’9.770’

1 1 1
Z / dz Dg(z,u?c)/ dxq f'i/p(wla Iﬁr)/ dzs fj/p(w% H?r) Gij—ab
iG.a,b Y Zmin 0 0
e The calculations includes NLO corrections for both directphoton and fragmentation
contributions; bewarethe components are notistinguishable beyond LO
e The calculations implement the photon isolation requiremat at “parton” level:
E$° calculated with the (few) final-state partons in the perturbative QCD calculation
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‘ NLO QCD calculations for inclusive photon production'

Opp—~v+X = Z / dwl fz/p(mlv H'F)/ d(Ez fJ/p(w29 :U'F) O"Lg—Vya"'

1,7,Q

1 1
Z / dz DZ(Z»M?)/ dx; fi/p(mlaﬂ*%‘)/ dxz fi/p(®2, B5) Gij—rab
Zmin 0 0

2,J,a

o Usmg the JetPhox program (S. Catani, M. Fontannaz, J. Ph. Gillet and E. Pilon) with
— pur = pr = py = EJ (nominal)
— proton PDF set: CT10
— fragmentation function: BFG set I

— Corrections for hadronisation and underlying event needed

e Theoretical uncertainties:

— terms beyond NLO; varying g, pr, pt¢ by factors 2 and1 /2 (singly or simultaneously)
— PDF-induced uncertainties; estimated using set of PDF eiggectors

— uncertainty on a; estimated using PDFs in which different values otx, are assumed
— uncertainty on non-perturbative correction; estimated with different MCs
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Corrections for non-perturbative effects; photon isoIationI

e The measurements are corrected for
detector effects to the “particle” level ISOLATION CONE
— to isolated photons, whereE?s°
IS calculated using all the final-state 0
particles and the jet-area method is also
applied
This is performed using MC simulations

PHOTON

n
e Corrections for non-perturbative effects (hadronisationand underlying event)

o~+x(MC, particle — level, UE)
o~+x(MC, parton — level, no UE)

CNP —

— Less dependence on the modelling of the final state by havinged the jet-area method
to subtract the “extra” transverse energy contribution to E’5°
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‘ Impact of inclusive isolated photon measurements at LHC on DFSI

. e Analysis by D. d’Enterria and J. Rojo (NPB860,2012,311)
: | o Study of the impact on the gluon density of existing

10°F . .
: o Isolated-photon measurements from a variety of
‘g 107 orvan 7, 2 vt experiments, from+/s = 200 GeV up to 7 TeV
— = Inclusive jets (Tevatron) . .
B10E o ttodproons (52767 o) — those at LHC are the more constraining datasets
NE E v Isolated photons (/s=1.8,1.96) . .
3 102] + s meroc — reduction of gluon uncertainty up to 20%

e

— localised in the rangex =~ 0.002 to 0.05
: e = improved predictions for low mass Higgs production in
e a0 e a0r a0r a0 1 gluon fusion, PDF-induced uncertainty decreased b0%
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