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Introduction

@ We present latest Run-1 results at /s = 8 TeV and recent Run-2
results at /s = 13 TeV
@ Measurements are unfolded to particle-level and compared to the
state-fo-the-art theory predictions
@ Jet production studies are presented in the first part
» Inclusive jets and dijets
» Cross section dependence on the jet radius
» Azimuthal correlations in multi-jet event topologies
» Strong coupling extraction
@ Second part is devoted to the V+jets (y/W/Z +jet) cross sections
measurements

Results shown are selected according to our preference for all jet

measurements from ATLAS and CMS.

More Standard Model results:
CMS ATLAS
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https://cms-results.web.cern.ch/cms-results/public-results/publications/SMP
https://twiki.cern.ch/twiki/bin/view/AtlasPublic/StandardModelPublicResults

Inclusive jet and dijet cross sections at 13

Jet 2
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13 TeV pp collision

@ p> 100 GeV, binned according to

resolution

@ |y| < 3, six rapidity bins, in steps of 0.5
@ Theory: NLOJET++ x NPC x EW

@ non-pert. correction : Pythia/Herwig with

various tunes

@ theory is corrected for EW effects
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Inclusive jet and dijet cross sections at 13 TeV
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Inclusive jet and dijet cross sections at 13 TeV
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Inclusive jet cross sections at 8 TeV
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Inclusive jet cross sections at 8 TeV
@ Compared to NLO
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Inclusive jet cross sections at 8 TeV
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Measurement of the |y**'| and p' dependence of dijet

azimuthal decorrelations

@ 2012 dataset /s = 8 TeV
® £, =201fb"
@ anti-k; R=0.6 jets

o [ <49
Variable Value
PTmin 100 GeV
Yboost 0.5
Ymax 2.0
pTl/HT > 1/3

B. Bilin, P. Starovoitov (V+)jets measurements with ATLAS and CMS

Value

0.45, 0.6, 0.75, 0.9, 1.1,
1.4, 1.8,2.2, 2.7, 4.0
0.0-0.5, 0.51.0, 1.0-2.0
/8, 57 /6, 3w /4, 27/3

Quantity
Hr bin boundaries (in TeV)

y* regions
Admax values

2
A0 (Ady<A¢pax)
A¢ ( Y ¢max) - Lo (i R
o (inclusive)
dHydy”

Hr range [GeV] Trigger type Integrated luminosity [pb~!]
450-600 single-jet 9.6 + 0.2
600-750 single-jet 361
750-900 multi-jet 546 £ 11

>900 multi-jet (20.2 £ 0.4) - 103

Phys Rev D98(2018)092004
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Measurement of the |y**'| and p' dependence of dijet
azimuthal decorrelations
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jet

Measurement of the || and p]ft dependence of dijet

azimuthal decorrelations
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Measurement of the |y**'| and p' dependence of dijet

azimuthal decorrelations
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Transverse energy-energy correlation at 13 TeV

ATLAS-CONF-2020-025

Measurements of new event shape taken from the e* e~ annihilation and extended to
hadron-hadron colliders
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Transverse energy-energy correlation at 13 TeV

@ Percent-level uncertainties
in the JES/JER are
translated into ~ 2%
uncertainty at the final
observable

@ Modelling is one of the
dominant source of
uncertainty
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Transverse energy-energy correlation at 13 TeV

Data/ Theory
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Dependence of inclusive jet production on the anti-k+
distance parameter

@ 2016 data, £ =35.9 fb
@ jet sizes : from R=0.1 to R=1.2
@ dedicated JES calibration

@ Cross sections and cross e Te—
section ratios wrt R=0.4 are oo v ow e
measured ’
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Dependence of inclusive jet production on the anti-k+
distance parameter

@ CMS <35.9 b (13 TeV)
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Dependence of inclusive jet production on the anti-k+
distance parameter

@ Non-perturbative corrections :

hadronisation and MPI ON/OFF

@ NP uncertainties : envelope of tunes and generators. Cancels to a
large extend in the ratio.

JHEP 12 (2020) 082

Jet P, (GeV)

CMS Simulation (13 Tev)
o 15FT ] =
s E ¢ PH+P8(CUETP8M1) i-| ]
c 145 + PH+Herwig(EE5C) Antiky 3
S [ & PH+Herwig(CUETHpps1) R=0.2 ]
§ 1.3 ==Final correction lyl <05 3
@ E
S 12 !
o £
A my
= £
=] C | H;
S 15 A“'JHH i
- Aatalatiy
S 0954 )
a C
Z 0.8 . . e H
100 1000

NP correction for cross section ratio

5 CMS Simulation (13 Tev)
DT T 7
E ¢ PH+P8(CUETP8M1) i- |
145 ¢+ PH+Herwig(EE5C) Anti-ky 3
E, © PH+Herwig(CUETHpps1) R=0.8 ]
1.3 [\, == Final correction lyl <0.5 3
3¢
12F E:
11f
e
0.9 ;
0.8 £ Ll
100 1000

ratio of predictions with

Jet P, (GeV)

B. Bilin, P. Starovoitov (V+)jets measurements with ATLAS and CMS Jets@LHC 18/51



Azimuthal separation in nearly back-to-back jet
topologies in inclusive 2- and 3-jet events

359" (13 Tev)
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Azimuthal separation in nearly back-to-back jet
topologies in inclusive 2- and 3-jet events

anti-k; R=0.4 —— PH-2J+ PYTHIAS . ,
Inclusive 2-jet —— PH-3J + PYTHIAS @ PH-3j+Pythia 8
CMS [0 Total exp. unc. —— PH-20 + Herwig+ agrees better with
. L 35.9 fb™ (13 TeV) the data

21 200 < p'T"a" < 300 GeV

max
11 300 < P < 400 GeV
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prediction is
similar to
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except for the
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Azimuthal separation in nearly back-to-back jet
topologies in inclusive 2- and 3-jet events

anti-k, R=0.4 —— PH-2J + PYTHIA8

Inclusive 3-jet —— PH-3J + PYTHIA8 ° A” the ConSidered
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e e T —— describe the
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differently
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Azimuthal separation in nearly back-to-back jet

topologies in inclusive 2- and 3-jet events

CMS

anti-k; R=0.4
Inclusive 2-jet

—— PH-2J + PYTHIA8
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Azimuthal separation in nearly back-to-back jet
topologies in inclusive 2- and 3-jet events

—— PH-2J + PYTHIA8
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Azimuthal correlations for inclusive 2-jet, 3-jet, and

4-jet events
@ 2016 data /s =13 TeV,

£=3591 "
L) 0.024 011 177 52 36

@ inthe 7/2 < A¢y, < wrange
in bins of p; lead.jet

@ central jets |y| < 2.5

35913 Tev)

@ Data are compared to Pythia
8, Herwig++,
MadGraph+Pythia 8, PH-2j
matched to Pythia 8 and
Herwig++, PH-3j+pythia 8, and
Herwig 7 .
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Azimuthal correlations for inclusive 2-jet, 3-jet, and
LO : Herwig deviates most; Madgraph (up to 4 partons) - best

4-jet events

Ratio to data
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Azimuthal correlations for inclusive 2-jet, 3-jet, and
4-jet events

Ratio to data
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Measurement of the cross section for isolated-photon
. . Phys. Lett. B 780 (2018) 578

plus jet production
soo:— <08 B

@ 2015data 3.2 b~ ' ~ 896k events

. Ajetl * [
E’Y’ l)![‘ , A(ﬁ’yfjet’ m’yfjet! cOoS 9 oo - Data non-tight (norm. fit)

PYTHIA (norm. fit)
- — Data non-tight + PYTHIA
Requirements on photons r (fit)

400 b
E} > 125 GeV, |n7| < 2.37 (excluding 1.37 < |7| < 1.56) r

B <42-107%- EJ 410 GeV
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T )

UE subtraction using k, algorithm with R = 0.5 (cf. Section ??)
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Exp. uncertainties: g
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Measurement of the cross section for isolated-photon

p|us Jet produc“on Phys. Lett. B 780 (2018) 578
@ JETPHOX (full NLO pQCD for both direct and fragmentation
contributions) +NP corrections
@ Sherpa (y + (1,2)—jet at NLO and v + (3,4)—jet at LO + PS)
@ uncert.: scales (ren,fact.,frag.) and PDF
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@ Good description by both calculations
@ theory is almost always higher than data
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Measurement of the cross section for isolated-photon
plus two-jet production

@ Run-2data £ = 36.6 fb "

° E'y; p![et! Ayfy—jet! ijet—jet! A(z)'y—jet! A(Zsjet—jet!

m:

Jet—jet!m'y

—jet—jet

Requirements on photon

E7 > 150 GeV, || < 2.37 (excluding 1.37 < ["] < 1.56)
ET° < 0.00427 + 4.8 GeV (reconstruction level)
EF° < 0.0042} + 10 GeV (particle level)

Requirements on jets

at least two jets using anti-k, algorithm with R = 0.4
> 100 GeV, [y**] < 2.5, ART? > 0.8

Phase space total | fragmentation enriched | direct enriched
£ < pi B> i
Number of events 755270 111666 386 846

Exp. uncertainties:

Range of the relative uncertainty (in %) for each variable
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Er ‘ T

‘ Ol ‘ Ay ‘ AgTE ‘ Ay ‘ AT

m'

jet—jet ‘ ) Ietget
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Measurement of the cross section for isolated-photon

JHEP 03 (2020) 179

plus two-jet production

= ]
> 1k ATLAS 1
Q : Vs =13 TeV, 36.1 fb §
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2 E b L 3
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_8 10°F
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© 15F
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@ LO predictions are normalised to data in each phase-space
@ Pythia, in general, fail to describe the shape of the data.
@ Sherpa LO (2 — n) provides a good description

2

E * Data

| === SHERPA NLO

F i SHERPA LO (x1.5)
PYTHIA LO (x1.2)

T
ATLAS _
s=13TeV, 36.1 fo" 3
pp—y+2jets+X

o

Theory/Data
o
&

e
ay"*

Dedicated studies in the fragmentation
and direct regions are performed

@ NLO Sherpa predictions describe the data adequately in shape

and normalisation
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Measurement of the cross section for inclusive
isolated-photon and photon+jets production

2.26 1" (13 Tev

1 109 QMS Preliminary ; ; .
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Event shapes using hadronic jets by ATLAS and CMS

@ Measurement of hadronic event shapes in high-p; multijet final
states at /s = 13 with the ATLAS detector : JHEP 01 (2021) 188
(ATLAS)

» Full Run-2

» Six event-shape variables calculated using hadronic jets.
Measurements are performed in bins of jet multiplicity and in
different ranges of the scalar sum of the transverse momenta of the
two leading jets, reaching scales beyond 2 TeV.

@ Event shape variables measured using multijet final states in
proton-proton collisions at /s = 13 TeV : JHEP 12 (2018) 117
(CMS)

» 2015 data

» several event shape variables calculated using jet four momenta
are measured and compared to theory. The agreement generally
improves as the energy, represented by the average transverse
momentum of the two leading jets, increases.

B. Bilin, P. Starovoitov (V+)jets measurements with ATLAS and CMS Jets@LHC 32/51



Motivation: V + jets

@ Processes involving W & Z boson production are one of the best
understood processes at hadron colliders
» WE 0ty Z = 1507, (¢ = e, p) are among the cleanest final
states experimentally

* To test pQCD and validate our modelling of it in MC.

* Probe/measure EW production cross sections.

* V+jets provide backgrounds to other measurements and BSM
searches.

@ Various kinematic properties of jets produced with W and Z boson
production are studied.

@ Measurements carried out in fiducial phase space.
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. . —1 —1
Z+jet x-sec measurements: Njet 13 TeV. 3.1610 & 35.910
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Eur. Phys. J. C77 (2017) 361, CMS-SMP-19-009

B. Bilin, P. Starovoitov

(V+)jets measurements with ATLAS and CMS

Measurements
carried out in
fiducial
phase-space.

Corrected for
detector effects via
unfolding.

Measured jet
multiplicity up to 7
(8) jets.
Comparisons with
state-of-the art
generators at
different orders in
QCD.
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https://link.springer.com/article/10.1140/epjc/s10052-017-4900-z
https://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/SMP-19-009/index.html

Z+jet x-sec measurements: Jet p;
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@ Measured
differential
kinematics up
to 5 jets.

@ Good

description

with
MG5_aMC@NLO
(NLO < 2p)

and GENEVA
(NNLO +
NNLL ).
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https://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/SMP-19-009/index.html

Z+jet x-sec measurements: Jet p;
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ATLAS 4 Data
13TeV, 3.16 & Z+21jetN,, NNLO
ev. 3 “m- BLACKHAT + SHERPA

—+ SHERPA 2.2

ALPGEN + PY6
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13 TeV, 3.16 fo !

@ Measured

differential
kinematics up to 4
jets.

All models give an
overall good
description of the
measurements.

MG5_aMC@NLO
+ PYTHIA 8
CKKWL predicts a
harder spectrum
than FxFx.
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Z+jet x-sec measurements: Angular
variables
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13 TeV, 35.9 fb "

Measured A¢
and Y
between jets
and also Z.

Differences wrt
GENEVA
predictions at

high Ve
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Z+jet multi-d x-sec measurements
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13 TeV, 35.9 fo !

@ Double-
differential
cross sections
are measured
wrt jet and Z
Pr; Y.

LO
MG5_amc@NLO
+ PYTHIA 8
(MLM) fails at
high y(Z) low
y()-
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Z + jets: Forward jets
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@ Multi-d cross

sections
measured wrt
jetand Z py, y.

@ Extended to

forward jets up
to 3.5 (4.7)

Beyond tracker
acceptance
JES unc
dominates
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W + jets 88&13TeV,19.9fb ' & 22"
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@ Measurements carried
out in fiducial
phase-space.

@ Corrected for detector
effects via unfolding.

@ b-tag veto to supress
tt contribution.

@ Data-driven estimate
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W/Z+jets, PDF fits NNLO QCD Analysis

@ Carried out a QCD analysis at NNLO (ATLASepWZVijet20)

@ Using W/Z (+ jets) at 8 TeV as well as W/Z measurements at 7 TeV.
@ Compared to the previous fit, ATLASepWZ20 w/o W/Z+jets.

Qo Both fits include preV|ous HERA data
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W/Z+jets, PDF fits
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NNLO QCD Analysis

@ Improves the PDFs
mainly for d — u.

@ More precise estimate
for strange supression
factor (R;), closer to
other PDF sets wrt
previous ATLAS fits.

> ltis better

. constrained and
R . falls more
Q?=mZ x=0.013 ATLAS i
A . steeply at high
* cme —_— X.
v cri
L ANPors1 [ > At low x
2 ATiASawzs confirmed
ATLASepW2zVjet20
B o uncertainty unsuppressed
exp.+mod. uncertainty
[ pepm———— strange PDF as
03 04 05 06 07 08 09 1 11 12 A
iy observed in
previous ATLAS
fit.
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V + HF measurements 8&13TeV, 19.6 & 35.7 fb ™

- + -
s, d w s, d W
—<——(VWVWVW ———VWVVWV g g g b
c _
Z
0000000 ——<—— 0000000 —>—— b _ 4
g c g c e b

@ Important to study V+ HF production at the LHC -~

» Probe HF PDFs
» Collinear production of b quarks (gluon splitting)

CMS 19.8 fb (8 Tev) =
H — §
E o~ ¢
cMs 35.7 fb (13 TeV) ;f of e meoms 2
= F e T | wcwni<a " g
g f LA e .
=1 W+c + ABMP16 + ATLASepWZ16 = - —
i 800~ * CcTia ¥ MMHT14 ‘g 4 §ﬁ77
2 A NNPDF30 W NNPDF3.1 B
f 600, 1 .
: ';'hi_;.u_‘_ﬁ_., £ @ More details at
8 400 _”Lr-. )
o oR<2s EAT e _ g the Heavy Flavor
E p;>5Gev O 5 adGraph s + Py Va6, normaiized 1 0, ial. Uncertanty onl .
L 2 1|
s \ } o A — session tomorrow.
02 04 06 08 1 12 14 16 18 2 22 24 -
In'l =T ¢ T

g
Leading (o) jt p, (Gov)

Eur. Phys. J. C 79 (2019) 269 , Eur. Phys J. C77 (2017) 751

B. Bilin, P. Starovoitov (V+)jets measurements with ATLAS and CMS Jets@LHC 44 /51



http://dx.doi.org/10.1140/epjc/s10052-019-6752-1
http://dx.doi.org/10.1140/epjc/s10052-017-5140-y

—1
Z/~ + jet py ratio measurement 13 TeV, 35.91b
@ Mesurements of Z + jets and v + jets wrt boson pras well as their
ratios have been carried out.
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@ Low p; boson
part is described
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Z boson emission collinear with a jet
@ Measured the A(R) between Z and the closest jet.
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Electroweak production of Z + 2j 13 TeV,139 fo™"
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Electroweak production of Z + 2] 13 TeV,139 fo ™'
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Electroweak production of W/Z + 2j
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Measured the EWK
production cross section of
W+2j and Z+2j with CMS.
BDT trained to discriminate
the EWK signal from DY.
> Using several
kinematic variables
that are sensitive,
my, Ay
Measured the gap activity
veto efficiency.
Measurement in agreement
with the SM expectations, no
evidence for ATGCs
following an EFT search.
> Limits on ATGCs
associated with

Eur. Phys. J. C 78 (2018) 589, Eur. Phys. J. C 80 (2020) 43  dim-six operators.
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Summary
@ A large set of jet and V+jet measurements at 8 and 13 TeV is
presented
@ State-of-the-art predicitons are used for the data interpretation
@ Experiments provide precision of a percent level for most of the
observable
» Measurements provide stringent test of our modeling of the SM.
@ Theoretical uncertainties, in general, are larger compared to the
experimental ones.
» Mainly for scale uncertainties, also modeling uncertainties in

several cases.
» Possibility to constrain/improve PDFs and «.

CMS
ATLAS .
EXPERIMENT )
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