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Outline

Physics with jets

¥ Inclusive jet at 8 TeV, arXiv:1706.03192
¥ Inclusive jets and di-jets at 13 TeWTLAS-CONF-2017-043

¥ Determination of ¢ from Transverse Energy-Energy Correlat
(TEEC) In multi-jet events;afXiv:1707.02562

Physics with photon

Inclusive photon at 13 TeV, Phys. Lett. B 770 (2017) 473
Photon + jet at 8 TeV, N(cl. Phys. B 918 (2017) 2%7
Photon + jet at 13 TeV,; ATLAS-CONF-2017-05%

Photon pair production at 8 Te\Pllys. Rev. D 95 (2017) 11200

2

K K K K



Motivation

¥ Test of perturbative QCD predictions,

¥ Constraint on proton PDFs;

¥ Determination of the strong coupling constant;

¥ Description of background event kinematic for
different searches for new physics.







Inclusive Jet production

s=8 TeV

¥ Pr > 70 GeV
¥yl < 3;

pp !

Jet+ X

¥ anti-k jets with both R=0.4 and R=0.6;
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Inclusive Jet production

s=8 TeV

s=13 TeV

¥ The dominant experimental uncertainties are the jet energy scale and jet enercg

resolution.
¥ Theory predictions corrected for non-pertur
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Inclusive Jet production

NLO QCD predictions are typicalls
above the data fétrT < 100 GeV
Better agreement for higheéx
except forPr > 1 TeV  where the
NLO QCD predictions are higher
(10-20%) than data.

Same behavior observed for
different PDF sets.
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¥ arXiv: 1611.01460
¥ arXiv: 1704.00923

are avallable at 13 TeV.
No signibcant deviations from da
are observed, except|gf > 2.C
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Inclusive Jet production

The differences between thet
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predictions are in agreement
within the scale uncertainties.
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Di-Jet production at 13 TeV

¥ At least two jets withPt > 75 GeV , within the intenyal< 3 ;

¥ Hr»= Pr1+ Pr> hasto be higher than 200 GeV,

Double differential cross section is measured as a function of the invariant mz
the di-jet systemyn; ,ig* = |y1 ! yo|/ 2 bins.
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Di-Jet production at 13 TeV
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TEEC and ATEEC measuremen

Transverse Energy-Energy Correlation debned as the energy-weighted angular distributic
hadron pairs. Event shape independent from the thrust avis

and the sphericity tensor. § 10;_HIHAICII'LIAI\éM ZLtd'ug i
1 d! — 1 d! é 8" TEEC \s=8TeV —_JES" JER 1
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. o 4f .
wherext, = E1,/ | Et, 5 o
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Its associated asymmetry ATEEC is debned as the
difference between the forward and the backward
part of the TEEC:
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TEEC and ATEEC measuremen
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TEEC and ATEEC measuremen

TEEC and ATEEC can be btted by the NLOJET++ predictions varyng
The bts to extraats(Mz) are repeated for each by, of separately.
Each value of ;(Mz) Is then evolved to the Q scale using two loop RGE.
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Inclusive photon at 13 TeV

¥ Measurement of! /dE ;  in four
' | bins for the range >
125<E ; < 1500 Ge\ O
O

o

¥ Photon identibcation and |solat|q_n-

"/d

cuts are applied:
El® < 42410 3 4E; + 4.8 GeV o

The background is then subtracted
with a data-driven method.

The measured differential cross
sections are compared with the
NLO QCD predictions oJETPHOX
using the MMHT2014 PDF set.
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relative systematic uncertainty
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Incluswe photon at 13 TeV

ATLAS N
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NLO QCD predictions underestimate the data:

10-15% (similar to the theoretical uncertalntlesdﬁ)
The theoretical uncertainties are larger than the o

experimental ones;

ForgE; ! 600 Gev the measurements are
systematically limited,; 2

The NLO QCD predictions afETPHOXgive an
adeguate description of the data within the

theoretical uncertainties.
16

| The photon energy scale
uncertainty dominates at
highE; : 2-5% (7-18%) for
"] < 0.6 (81<|!'|< 2.37

The photon ID uncertainty
gives a signibcant
contribution at lovE;
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Photon + Jet at 13 TeV

¥ Measurements of differential cross

o} B
sections as a function gf. plet | Siso- AWT_LfSTP\;egnz‘;E_’c}W »
L rtet mt et guds!t to study: Soome
the! + Jet dynamics. §100— T oo /_
cos!' =tanh ("' ! yi€)/2 = )
where!* coincides with the scattering = Z :
angle in the CM frame. 50/~ s -
T RS 450 GeV -
¥ Phase-space region debned by: [ PPE At X phiyR<237
E: > 125 GeV |} [ < 237  (excluding 1_2;_ R B B B E
1.37< |1' ] < 1.5€ B)%et > 100 Gev % 1%%%%%%%%%
yiet| < 2.37 and R'' 1€t > Q.€ = osh -
<6 2410 3 4E. + 10 GeV I e e )
ET < 42310 °a T T e |COS !*l
Additional cuts ford! /dm '’ ¥t arml /d | cos"’ | to perform the measurer

an unbiased phase-space region
1+ ylet | < 2.37 |cos!'' | < 0.8% m'*' et > 450 Ge\
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Photon + Jet at 13 TeV

¥ Comparison with Pxed-order NLO QCD

predictions oI ETPHOXand

ME+PS@NLO SHERPANEW!);

¥ Values up to 1.5 TeV accessible oy~ add

¥ d'/d|cos"' | increasedeass!'|
agreement with NLO expectations.

¥ The QCD predictions of JETPHOX and SHERPA %
give an adeguate description of the data within the

theoretical uncertainties.
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Photon + Jets at

8 TeV

¥ !' +1, 2, 3dynamics has been studied at 8 T@ -
¥ Measurements af! /dP1***°  and the angglar
correlations between the photon and the jets €
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Photon pair production

Study of the processp — v + X by E 1o 3 s +Data+£at u8ncT o ZOZfbl__
measuring differential cross sectionsas £ 102? . +£HNELRL§Z(2“§E‘KAELS ) NLO)‘%
functions of: 107 T, ‘
¥ diphoton invariant massi; i 1og—_‘f IIIIIIIII ***u -
¥ diphoton transverse momentu i, ; ]200 j+++ * . —
¥ azimuthal separation between the photon ;[ e, e
Lo . ST e ,
¥ cos!| ¥!i | tan( '#" )sin"| , %1(1); — s
¥ transverse component @W respectto < * me |
thrust axisar . §o5 R
§ e
Phase-space region selecte:’) > 40 Gev S, 1+ tessemmmessstsitit
E7® > 30 Gev |1 7] < 2.37  (excluding gos—
1.37< |n'| < 1.5¢€ AR, >04  abgP < 11 GeV 10 m ey

Comparison with:
¥ Fixed-Order QCD calculations of: 2gNNLO, DIPHOX and RESBOS;

¥ SHERPA (v2.2.1), combining ahd + 1 p at NIO+ 2 p and
Il +3 p atLO and parton shower.
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¥ NLO QCD calculatlons (DIPHOX and RESBOS) are not sufbcient;

NNLO corrections (2gNNLO) improve the description of the data, but it is s
Insufpcient.

Effects of the infrared emissioh (,, ! " and low valugsiof asand )
well reproduced by (RESBOS and SHERPA).

Very good agreement between data and SHERPA.
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Summary and Conclusions

In all the presented results the pQCD predictions describe the data within the
theoretical uncertainties.

Jets

— The Inclusive jet analysis can be used to constraint the PDFs;

— First comparison of the measured cross sections with NNLO at 13 T

— First measurement of di-jet cross sections at 13 TeV,

— The s values from the TEEC and ATEEC measurements in agreem
with the world average value (PDG);

Photons

— Theoretical uncertainties larger than the experimental ones (looking
forward to compare with NNLO predictions) in the Incl. photon analy

— First measurement of the photon + jet production at 13 TeV,

— ! +2 and 3 jet dynamics exploited at 8 TeV;

— Measurements of diphoton productien study the background of
H! Il (in pQCD);
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Di-Jet production at 13 TeV

Summary of the p-values obtained from the comparison of the di-jet cro:
section and the NLO pQCD predictions for various PDFs and foryeach

I:)obs
y' ranges CT14 MMHT 2014 NNPDF 3.0 HERAPDF 2.0 ABMP16
y' < 0.5 79% 59% 50% 1% 1%
05! vy <10 | 27% 23% 19% 32% 31%
1.0! y' < 15| 66% 55% 48% 66% 69%
151 vy < 20| 26% 26% 28% 9.9% 25%
20! y' < 25| 43% 35% 31% 4.2% 21%
251 y' < 30| 45% 46% 40% 25% 38%
all y' bins 8.1% 5.5% 9.8% 0.1% 4.4%
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TEEC and ATEEC measuremen
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Photon reconstruction
and identibcation

¥ unconverted photon candidates  no match with any tra
¥ converted photon candidate = match with a converted ve

¥ Unconverted: ¥ Converted:

I
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Background sources

The main background sources &ft  and  two photon ¢

Two photon identiPcation criteria
(OLooseO and OTightO) are
iIntroduced according to the shower
shapes In the ATLAS calorimeter
system.

Loose and Tight photon candidates are then usglﬂ l
in a data-driven method for the background '~ '
estimation.
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Photon iIsolation

E®° Is computed summing the transverse energy of clus
of calorimeter cells in a cone of radius 0.4, excluding the
contribution from the photon.

> S 40T T T T
@ 1000+ ATLAS Prellmlnary - S I ATLAS Preliminary -
S 1 7 < - =
% \s=13TeV, 3.2 b @ 120 \s=13TeV, 3.2fb™ ]
3 350 < E; <550 GeV i GCJ - ' 550 < E, < 1500 GeV ]
> 800~ 1<0.6 — > - : " -
T # | _ ] 3 100 #]<0.6 b
e Data tight - i .. e Data tight i
. --- Data non-tight ] a0l - -- Data non-tight ]
600 L PYTHIA ] - e PYTHIA

— Data non-tight + PYTHIA - 1 — Data non-tight + PYTHIA

4001~

200

O ]

1'10

31



Additional cuts

Selection of unbiased region to measpe®s! ' | nand®

sections: |
1"+ ylet| < 237  |cos!'|< 0.83 m''let > 450 GeV

S F

2F 2500

m?[GeV]

15F
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: 1000 -/
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y lcos €]
The Prst two requirements avoid the bias induced by the ¢ut|on
V'€ The third requirement avoids the bias due tdethe cut

inthe (cos!'|! m' !®t p)ane.
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Photon pair production
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