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e measurements probing properties of jets:

« test Monte Carlo (MC) generator predictions

— fragmentation, hadronisation

» test fixed order perturbative QCD calculations

« provide constraints on proton parton distribution functions
(PDFs) and the strong coupling as

« overview of most recent ATLAS and CMS jet measurements:
« charged particle multiplicity in jets
- jet charge

inclusive jet cross sections

heavy flavour dijets

(see also talk on ‘Multijets at the LHC’, Hans Van Haevermaet)



ATLAS and CMS jet property
measurements Iin dijets




charged particle multiplicity inside jets

More central

| # of charged particles
. in well balanced dijet
systems

More forward
arXiv:1602.00988

well balanced dijet events

pt > 350 GeV, |n| < 2.1, P/, < 1.5
classify jets as more forward or
more central

(exploit rapidity dependence of jet type)
count tracks: pt > 500 MeV, |n| < 2.5




charged particle multiplicity inside jets

ATLAS Simulation
\s =8 TeV

Pythia 8.175 CT10
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well balanced dijet events 560 1000 1500
pt>50 GeV, |n| <2.1, P/, < 1.5 Jet p_[GeV]
classify jets as more forward or
more central forward jets less likely to
(exploit rapidity dependence of jet type) be gluon-in itiated

count tracks: pt > 500 MeV, |n| < 2.5




charged particle multiplicity inside jets

ATLAS
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- well balanced dijet events

pt > 350 GeV, |n| < 2.1, P/, < 1.5

« classify jets as more forward or

more central
(exploit rapidity dependence of jet type)
count tracks: pt > 500 MeV, |n| < 2.5



unfold average multiplicity
to particle level in similar
fiducial region

comparison with several
MCs with different
fragmentation models

PYTHIAG Perugia2012
RadLo gives best overall
description

value of as governing
amount of FSR has large
Impact on predictions
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charged particle multiplicity inside jets

arXiv:1602.00988
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« can also consider jet charge

XPERIMENT

Cs,

— based on momentum weighted sum of charges of tracks associated with jet

« good flavour discriminant; probes PDFs and fragmentation
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K changes sensitivity to soft radiation
(higher K = the more high pt tracks contribute)

ATLAS:

same selection as for # charged particles in jets;
jet charge measured for more central and
more forward jets separately

CMS:

pt1 > 400 GeV, pt2 > 100 GeV, |n| < 2.1
jet charge measured for leading jet
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« can also consider jet charge
— based on momentum weighted sum of charges of tracks associated with jet
« good flavour discriminant; probes PDFs and fragmentation

| ¢ CMS Preliminar 19.7 fb7 (8 TeV
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ieTracks
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same selection as for # charged particles in jets;
jet charge measured for more central and
more forward jets separately
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jet charge In dijet events

arXiv:1509.05190
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CMS

« CMS additionally measured two related jet charge observables
using momentum of tracks parallel (QL) and perpendicular (QT) to jet axis

» Qrt especially sensitive; fragmentation model more important than PDF choice
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ATLAS and CMS inclusive jet and
heavy flavour dijet cross sections

C. Gwenlan, Jet results from ATLAS and CMS, ICHEPI6




« double differential cross section in pt and y
« NLO QCD calculation (NLOJet++) corrected for non-perturbative (NP)
and electroweak (EWK) effects; data well described
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[ Total Exp. Unc.
-.= CT10 Theo. Unc.
-@- Data
----HERAPDF1.5

- MSTW2008

--- NNPDF2.1

—— ABM11

--- NNPDF3.0

1
[ Total Exp. Unc. '
-.= CT10 Theo. Unc. i
-@- Data

----HERAPDF1.5

- MSTW2008

--- NNPDF2.1

—— ABM11

--- NNPDF3.0

(@)
—
©)
o
—
Q
I
o

Ratio To CT10

00<|y|<0.5
anti-k; (R=0.7)

25<|y|<3.0
anti-k; (R =0.7)

1 1 | 1 1 1 1 | 1 1 | | | 1 | |
200 300 1000 2000 80 90100 200 300 400 500
Jet P, (GeV) Jet P, (GeV)

Illlllllllllllllll

lII|IIIIIIII

L1 | | IE.IIIII!-;II

C. Gwenlan, Jet results from ATLAS and CMS, ICHEPI6




inclusive jet cross sections @ 2.76TeV

5.43 pb” (2.76 TeV)
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Inclusive jet cross section ratio 2.76/8 TeV

CMS Preliminary (2.76 TeV)

Theo. Prediction
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impact of jet measurements on PDFs

CMS PAS SMP-14-001 "=

CMS Preliminary NLO HERAPDF Method (hessian) CMS Preliminary NLO HERAPDF Method (hessian)
~ 0.6
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HERA I+l DIS Q%=1.9 GeV? HERA I+l DIS
[ HERA I+l DIS + CMS jets 8 TeV [ HERA I+l DIS + CMS jets 8 TeV




CMS PAS SMP-14-001

strong coupling as >
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CMS PAS SMP-14-001

strong coupling as e
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« inclusive jet measurement at Vs = 13 TeV

« extends to |y|

=4.7,pt=2TeV

 anti-kt R=0.4 and 0.7

<71 pb' (13 TeV)

=10
31013 CMS _._|0y|5< o|5| (Xloo)( 10
© - —a— 0.5<|y|< X
2 odet Ol % 1.0<Jy] <15 (x109)
=10" e —v—1.5<|y|<20(x10)
S —o—2.0<]y| <25 (x10 )
|_.|09 —5—2.5<|y|<30(x10()
-o —— 3.2<y|<4.7 (x10°)
b 107k ‘
10 e T
103 A N i ===;:=e==e
10 Pay e
10" Ty e
R=0.7 ==
10_3 | | | |||||||||||||
200 300 1000 2000

Jet P (GeV)

Chs,

<71 pbT' (13 TeV)

10"
E s CMS —e— |y| < 0.5 (x10%)
O10 B +0.5<|y|<10(x10)
3 NLOJetss 114 e 1.0 <ly| <15 (x10Y
=10 nti-k, R =0. —v—1.5<|y|<20(x10)
= - —o—2.0<|y| <25 (x10 )
-10% & _5_2.5<|y|<30(x10()
g ——3.2<|y| <4.7 (x10°)
© 10" B,
T e
3 ==_'G==‘
10 I '==_!-'===-
10 T ==!=_'e===.
-1 = 'e'o
10 R=04 a=l =
10-3 | ] ] ] |||||||||||||
200 300 1000 2000

Jet P (GeV)



<
|_
©)

+
fus
[}
-
O
-
Z
L
9
T
o

71 pb' (13 TeV)

—e— Data

Y HERAPDF1.5
NNPDF3.0
MMHT2014
Exp. uncert.

—— Theo. uncert.

200 300 400 1000 2000
Jet P, (GeV)

C. Gwenlan, Jet results from ATLAS and CMS, ICHEPI6
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inclusive jet cross sections @ 13 TeV

arXiv: 1605.04436
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inclusive jet cross sections @ 13 TeV

arXiv: 1605.04436
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heavy flavour jets: b-bbar dijets

arXiv:1607.08430

two jets pt > 20 GeV, |n| < 2.5,
both tagged as b-jets
pt1 > 270 GeV

enhances gluon splitting and flavour
excitation relative to flavour creation c.f.
previous analyses

cross sections differential in
several observables: mbb, ptob,
yB = 2 |y1+y2|, y* = Y2 y1-y2],
A®, AR

C. Gwenlan, Jet results from ATLAS and CMS, ICHEPI6

g b g b
(a) flavour creation (s-channel) (b) flavour creation (t-channel)
g 8 b

e
8 8 8

(c) gluon splitting (d) flavour excitation

different ranges of measured
observables probe different
production mechanisms
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ATLAS

EXPERIMENT

excellent LHC performance, highly efficient data collection, and a
thorough understanding of jet reconstruction and calibration has
led to precision jet measurements

ATLAS and CMS have performed wide range of jet measurements
at various collision energies, improving our understanding of QCD

state-of-the-art MC simulations provide decent description of many jet
properties (generator, and/or tune dependent)

jet cross sections important for tests of pQCD, as well as for
extraction of PDFs and as

precision measurements now available for medium-to-high pt

entering new regime with pt ~ 3 TeV for first time

new Vs = 13 TeV measurements: no big surprises so far

theory uncerts. currently dominate (NNLO QCD inclusive and dijet calcs. on the way)



Compact Muon Solenoid

C. Gwenlan, Jet results from ATLAS and CMS, ICHEPI6
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charged particle multiplicity inside jets

C. Gwenlan, Jet results from ATLAS and CMS, ICHEPI6

arXiv:1602.00988
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jet charge In dijet events

arXiv:1509.05190
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inclusive jet cross sections @ 13 TeV
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