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Collisions at 13 TeV: very energetic jets!
ATLAS

EXPERIMENT

Run: 302053
Event: 2504627221

2016-06-15 00:12:21 CEST

BEvent recorded last June

/
// Jet, pr=2.9 TeV, Jetz pr=2.8 TeV

e The two central high-p; jets with invariant mass of 6.5 TeV



Why care about jets?
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Standard Model Production Cross Section Measurements Status: August 2016
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Why care about jets?

Standard Model Production Cross Section Measurements

Status: August 2016
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* Energetic jets in LHC pp collisions are produced abundantly
+ Signal, QCD prediction
+ Significant background to other analyses

+ Jets are present in almost all LHC analyses



What are jets?

* Jets are the outputs of
clustering algorithms that
group inputs
+ Truth particles (stable particles)

+ Particle-flow objects (CMS), or
calorimeter energy clusters

(ATLAS)

Ahard scad Z‘er/ng

partion shower ® The challenge of jets comes

from QCD physics: parton
shower and hadronization

+ The particles we measure -m, K,
p, n, etc- are not the particles
from the hard scattering

e\/o/ Wi on

Ahadron zadion /

* Jets are proxy to the hard
scattered parton (quark or
gluon)



Jet algorithms

e Naively, jet algorithms are the inverse of the parton shower

Jet Clustering

4o9MOYS Uolded



Jet algorithms

e Naively, jet algorithms are the inverse of the parton shower

.»‘«‘

e But the parton shower is actually not invertible!
e There is no correct jet algorithm. Choice depends on the physics case

oyg uoyied
Clusteri
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IRC Safety

1 Colinear Safety
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e Parton shower can split
particles

Pt

e Clustering should not be
sensitive to this!

1 Infrared Safety

e Parton shower can add extra
soft radiation

e Also want to be insensitive to
these effects!

e [hese are the main theoretical considerations on jet clustering

— Can make comparisons to calculations much easier if these are

followed!



IRC Safety

1 Colinear Safety 1 Infrared Safety
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e Parton shower can split e Parton shower can add extra
particles soft radiation

e Clustering should not be e Also want to be insensitive to
sensitive to this! these effects!

o Anti-ky family of jet algorithms: the standard at LHC experiments
+ Regular shape objects, easy to calibrate and more resilient to pile-up

+ Typical jet size for resolved objets R=0.4 or 0.5 , where
R=N(An2+A@?)



R choice (jet size)
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Jet energy calibration
or
Jet energy scale
or
Jet energy correction

Focaéins on ATIAS Frorr noww on...
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Why calibrate jets?

measured energy scale

/ : [ ] . [ ]
(o y e Calorimeter jet energy different than
? ad.cal. : ) .
: : : the particle jet energy
; Calorimeter jet AT 3 ﬁ Em. cal + Sampling calorimeter: cannot measure
gt energy deposited in the absorber

targeted energy ¢ Calorimeter non compensatipg: hadrons
""""""""""" i scale energy deposits are only partially
m, K etc. : measured
17 + Energy deposits missed because of dead
. T — material

+ Inefficiencies due to noise and pile-up

= Need a calibration to reach the
particle jet energy level

o All detector capabilities have to be exploited

+ Combine information from sub-detectors (tracker + calorimeter + muon system)
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Jet calibration chain

-

- Start from calorimeter jets

* Origin correction: to
account for the hard

scattering primary vertex.
Changes the jet direction

r

t centroid

rgy clusters

(0,0,0)

>
primary vertex
(origin)

13



Jet calibration chain

o=

- Start from calorimeter jets

* Origin correction: to
account for the hard
scattering primary vertex.
Changes the jet direction

¢ Jet area and residual
pileup corrections to
decrease pile-up
contamination

14



Jet calibration chain

o=

- Start from calorimeter jets

* Origin correction: to
account for the hard
scattering primary vertex.
Changes the jet direction

¢ Jet area and residual
pileup corrections to
decrease pile-up

contamination Jet-by-jet pile-up sensitivity

Event-by-event pile-up activity (pile-up density)

ATLAS-PHYS-PUB-2015-015

Pile-up paper submitted to EPJC
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http://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PUBNOTES/ATL-PHYS-PUB-2015-015/
http://arxiv.org/pdf/1510.03823v1.pdf

Jet calibration chain

o

- Start from calorimeter jets

* Origin correction: to
account for the hard
scattering primary vertex.
Changes the jet direction

¢ Jet area and residual
pileup corrections to
decrease pile-up

Energy Response

contamination

MC JES: Calibrates the jet
energy and pseudo rapidity
to the reference scale

Calorimeter jet
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http://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PUBNOTES/ATL-PHYS-PUB-2015-015/

Jet calibration chain

.

S AT AC

e Global sequential calibration (GSC): h',",p//m.mh
reduce fluctuation effects ¢t

ATLAS-CONF-2015-002

+ Use jet-by-jet information to correct the
response of each jet individually

+ Improves jet energy resolution

e GSC variables
- Longitudinal structure of the energy depositions within the calorimeters
- Track information associated to the jet

- Information related to the activity in the muon chamber behind an energetic jet
(muon segments) 17


https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2015-002/

N relative in-situ corrections

Tk ome e

* MC simulation typically describes

the data to within about 10%

* More adequate calibration for
forward region is performed: n
inter-calibration in data dijet

events to correct N dependence of

jet response

central jet
(tag)

beam axis

18

Relative jet response (1/c)

MC / data

1.2F

forward jet (probe)
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http://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PLOTS/JETM-2016-002/

Absolute in-situ corrections

.

e In-situ measurement using a jet recoiling against well-calibrated object as a reference

e Combination of 3 in-situ measurements
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http://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PLOTS/JETM-2016-002/

Jet calibration performance in Run-2
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e Many checks with Run-2 data
+ Jet response in events of high pr jet balancing against lower pr jets

+ Jet response in events of photon - jet balance
e Remarkable agreement between Data and MC
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Fractional JES uncertainty

JES uncertainties
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e Final JES uncertainties components O(80), a combination of in-situ
and estimated upstream in calibration chain

e Dedicated statistical tools to reduce the number of components
maintaining the relevant correlations

e Performance in Run-2 almost comparable to the Run-1 one
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http://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PLOTS/JETM-2016-002/

Jet energy resolution

22



Jet energy resolution (JER)

ATLAS-CONF-2015-037
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https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2015-037/

Jet perfromance in physics analyses

* Jets are extremely complicated objects

e Their energy calibration relays on every single part of the
detector

4+ Accurate sub-detector calibration is needed

* They are very sensitive to pile-up

e Several QCD physics effects are present that are hard to model

= et related uncertainties are often the dominant detector
related uncertainties in physics analyses

+ A few examples in the following slides

24



Jets an

d tops

ti+bb normalisation

I*,q e tt branching ratios

4+ All hadronic: ~44%

+ Lepton+jets: ~45%
+ Dilepton: ~11%

jet energy scale 1

ti+cC normalisation

tt+bb renormalisation
scale choice m,

tt+V cross section

tt+bb shower recoil scheme

jet energy scale 2

light-jet tagging 1

ti+cC tt p_ reweighting
b-jet tagging 1

tf+cC top p, reweighting

tf+bb renormalisation scale

jet energy scale 3

light-jet tagging 2

{i+bb PDF (MSTW)

ttH

ATLAS \s=8TeV,20.3fb", m=125GeV

[ R ——

SSHEESENEARR

>\\§¢\

%III|IIIIiIIII|I

-1.5

-1

-0.5

0 0.5

—@— Full

Pre-fit Impact on p

/// / // Post-fit Impact on p

1 15
(- 6,)/A6

top maSS tf — lepton+jets tf — dilepton Combination
M [GeV] JSF | bISF mipy [GeV] || mE™™® [GeV] p
Results 17233 | 1.019 | 1.003 173.79 172.99
Statistics 0.75 | 0.003 | 0.008 0.54 0.48 0
— Stat. comp. (myop) 0.23 nj/a n/a 0.54
— Stat. comp. (JSF) 0.25 | 0.003 n/a n/a
— Stat. comp. (bJSF) 0.67 | 0.000 | 0.008 n/a
Method 0.11 £ 0.10 | 0.001 | 0.001 0.09 + 0.07 0.07 0
Signal MC 0.22 +0.21 | 0.004 | 0.002 0.26 + 0.16 0.24 | +1.00
Hadronisation 0.18 £0.12 | 0.007 | 0.013 0.53 £ 0.09 0.34 | +1.00
ISR/FSR 0.32+0.06 | 0.017 | 0.007 0.47 + 0.05 0.04 | -1.00
Underlying event 0.15+0.07 | 0.001 | 0.003 0.05 + 0.05 0.06 | —1.00
Colour reconnection 0.11 £0.07 | 0.001 | 0.002 0.14 + 0.05 0.01 | -1.00
PDF 0.25+0.00 | 0.001 | 0.002 0.11 + 0.00 0.17 | +0.57
W/Z+jets norm 0.02 + 0.00 | 0.000 | 0.000 0.01 +0.00 0.02 | +1.00
W/Z+jets shape 0.29 £ 0.00 | 0.000 | 0.004 0.00 + 0.00 0.16 0
NP/fake-lepton norm. 0.10 £ 0.00 | 0.000 | 0.001 0.04 + 0.00 0.07 | +1.00
: 0.0L£0.00 e B03.L. 2023,
Jet energy scale 0.58 £0.11 | 0.018 | 0.009 0.75 £ 0.08 041 | -0.23
b-Jet energy scale 0.06 £ 0.03 | 0.000 | 0.010 0.68 + 0.02 0.34 | +1.00
Jet resolution 0.22 +£0.11 | 0.007 | 0.001 0.19 £ 0.04 0.03 | -1.00
Jet efficiency 0.12+0.00 | 0.000 | 0.002 0.07 + 0.00 0.10 | +1.00
Jet vertex fraction 0.01 + 0.00 | 0.000 | 0.000 0.00 + 0.00 0.00 | —1.00
b-Tagging 0.50 + 0.00 | 0.001 | 0.007 0.07 + 0.00 0.25 | -0.77
E?iss 0.15+0.04 | 0.000 | 0.001 0.04 + 0.03 0.08 | -0.15
Leptons 0.04 + 0.00 | 0.001 | 0.001 0.13 + 0.00 0.05 | -0.34
Pile-up 0.02 + 0.01 | 0.000 | 0.000 0.01 +0.00 0.01 0
Total 1.27+0.33 | 0.027 | 0.024 1.41 +0.24 0.91 | -0.07
tt fiducial cross section
ot 7% o o o
Lepton-plus-jets tth ey Cut-based Fit-based Fit-based
Source uncertainty uncertainty | uncertainty | uncertainty | uncertainty
(%) (%) (%) (%) (%)
To LlZ.5 211680 =14.5. 5119131kl 0.9.12.5
Jet (combined) +3.9 -2.7 +10.1 -6.1 +5.5 +6.0 -8.5 +8.7 -10.7
LEpTon 207 FTU=05 20 FZR=2TT FUS=T0
b—tagging effect on b—jets +4.4 -4.0 +3.6 -3.1 +12.9 +9.4 -9.0 +6.0 -5.8
b—tagging effect on c—jets +16.2 -13.4 +4.0 -3.6 +1.7 + 1.4 +1.2-1.3
b—tagging effect on light jets +3.1-2.0 +1.9-2.0 +4.3 +3.3-29 +2.2-19
Total #f modelling +13.1 -13.7 +23.8 -16.1 +23.8 +21.7 +16.1
Generator +1.1-14 +23.3-15.1 +16.9 +17.4 +12.4
Scale choice +4.3 +1.1-2.7 +14.2 +9.5 +6.0
Shower/hadronisation +11.4-12.1 +3.0-34 +8.2 +8.7 +7.1
PDF +4.7 -4.5 +3.3 +3.3 +0.8 +4.1
Removing/doubling #V and ttH +0.4 +1.1-0.9 +1.5 +3.1-2.7 +3.0-2.6
Other backgrounds +0.8 +0.9 -0.8 +1.6 +3.5-3.3 +2.5
MC sample size <1 <1 +9.6 +7.4 +7.4
Luminosity +2.8 +2.8 +3.2 +2.9 +0.1
Total systematic uncertainty +25.5-19.2 +30.5 -19.9 +29.5 +26.4-269 | +21.1 -21.9
Statistical uncertainty +7.1 +19.2 -17.9 +18.4 +24.6 +25.2 2 5
Total uncertainty +26.5 -20.5 +36.0 —26.8 +35.2 +36.1 -36.4 | +32.9 -334




Jets and tops

L . * T top mass
‘ s s tf — lepton-+jets tf — dilepton Combination
,\4 - Jet related uncertainties are one of the T e i e e
| ° . . . Results 172.33 | 1.019 | 1.003 173.79 172.99
| dominant detector uncertainties in the Statistics 0.75 | 0.003 | 0.008 0.54 0.48 0
N . o f — Stat. comp. (myop) 0.23 n/a nj/a 0.54
‘ — Stat. comp. (JSF) 0.25 | 0.003 nj/a n/a
malorlty 0 top measu rements — Stat. comp. (bJSF) 0.67 | 0.000 | 0.008 nja
Method 0.11 £ 0.10 | 0.001 | 0.001 0.09 + 0.07 0.07 0
Signal MC 0.22 £0.21 | 0.004 | 0.002 0.26 £ 0.16 0.24 | +1.00
. . Hadronisation 0.18 £0.12 | 0.007 | 0.013 0.53 + 0.09 0.34 | +1.00
- ISR/FSR 0.32+0.06 | 0.017 | 0.007 0.47 + 0.05 0.04 | -1.00
PrOfound underStandlng Of the ]et energy Underlying event 0.15+0.07 | 0.001 | 0.003 0.05 + 0.05 0.06 | —-1.00
° ° ° Colour reconnection 0.11 £0.07 | 0.001 | 0.002 0.14 + 0.05 0.01 | -1.00
J Callbratlon/COrrECtlon and the relatEd PDF 0.25+0.00 | 0.001 | 0.002 | 0.11 +0.00 0.17 | +0.57
. N . I I It N N t W;Z+jets n}c:ann 8(2)3 + ggg 8% g%g gg(l) + g% gog +1.0g
W/Z+jets shape 29 + 0. . . .00 + 0. .1
uncertalntles WI resu In more preCIse Op NP/fake-lepton norm. 0.10 £0.00 | 0.000 | 0.001 0.04 + 0.00 0.07 | +1.00
: 0012000 mmirenen 20312023,
m eas u re m e nts Jet energy scale 0.58 £0.11 | 0.018 | 0.009 0.75 £ 0.08 041 | -0.23
_ I _, b-Jet energy scale 0.06 £ 0.03 | 0.000 | 0.010 0.68 + 0.02 0.34 | +1.00
7 > / T Jet resolution 0.22+0.11 | 0.007 | 0.001 0.19 + 0.04 0.03 | -1.00
tt+bb normalisation ////// Jet efficiency 0.12+0.00 | 0.000 | 0.002 0.07 £ 0.00 0.10 | +1.00
' PP . Jet vertex fraction 0.01 + 0.00 | 0.000 | 0.000 0.00 + 0.00 0.00 | —1.00
jet energy scale 1 —e v : b-Tagging 0.50 £ 0.00 | 0.001 | 0.007 0.07 £ 0.00 0.25 | -0.77
: / ’ : Emiss 0.15+0.04 | 0.000 | 0.001 || 0.04 +0.03 0.08 | -0.15
tt+cCT normalisation Leptons 0.04 £ 0.00 | 0.001 | 0.001 0.13 + 0.00 0.05 | -0.34
{405 renormalisation i / Pile-up 0.02 £ 0.01 | 0.000 | 0.000 0.01 £ 0.00 0.01 0
scale choice mbb i /l/ Total 1.27 £ 0.33 0.027 | 0.024 1.41 £0.24 0.91 -0.07
tt+V cross section ¢ . .
5 % tt fiducial cross section
tt+bb shower recoil scheme : ® // o . o ohe .O’Sgb Rus
. 2 Lepton-plus-jets tth ey Cut-based Fit-based Fit-based
jet energy scale 2 /// Source uncertainty uncertainty | uncertainty | uncertainty | uncertainty
light-jet tagging 1 / L J (%) (%) (%) (%) (%)
/ Tota Sl Z.S5mld Al 211680 14,5 5110131 1.4100..12.5
ti+cT ti p_ reweighting {; Jet (combined) +3.9-2.7 +10.1 -6.1 +5.5 +6.0 -8.5 +8.7 -10.7
/// Eepton 207 F10=03 20 F2H=2T FOS=T9
b-jet tagging 1 —e b—tagging effect on b—jets +4.4 -4.0 +3.6 -3.1 +12.9 +9.4 -9.0 +6.0 -5.8
_ // b—tagging effect on c—jets +16.2 -13.4 +4.0 -3.6 +1.7 + 1.4 +1.2-1.3
tt+cC top p, reweighting 7 ® b—tagging effect on light jets +3.1-2.0 +1.9-2.0 +4.3 +3.3-29 +22-1.9
o % Total #f modelling +13.1 -13.7 +23.8 -16.1 +23.8 +21.7 +16.1
ti+bb renormalisation scale — Generator +1.1-1.4 +233-15.1 | £169 +17.4 +12.4
et energy scale 3 /,; ° Scale choice +4.3 +1.1-2.7 +14.2 +9.5 +6.0
{/ Shower/hadronisation +11.4-12.1 +3.0-34 +8.2 +8.7 +7.1
light-jet tagging 2 ® / PDF +4.7 -4.5 +3.3 +3.3 +0.8 +4.1
] ///? : Removing/doubling #V and ttH +0.4 +1.1-0.9 +1.5 +3.1-2.7 +3.0-2.6
tt+bb PDF (MSTW) i ® " Other backgrounds +0.8 +0.9 -0.8 +1.6 +3.5-33 +2.5
1 | L 111 I L1 11 I 11 m L 11 | L 111 l L1111 | 1 MC Sample Size <1 < 1 :tg 6 +7 4 +7 4
-15 -1 -05 0 05 1 1.5 Luminosity +2.8 +2.8 +3.2 +2.9 +0.1
H ——  PuIl (@ - 0,.)/A8 Total systematic uncertainty +25.5-19.2 +30.5-19.9 +29.5 +26.4-269 | +21.1 -21.9
tt’ Prefit Impact on 0 Statistical uncertainty +7.1 +19.2 -17.9 +18.4 +24.6 +25.2 2 6
P 3 Total uncertainty +26.5 -20.5 +36.0 -26.8 +35.2 +36.1 -36.4 | +32.9 -334

/// / // Post-fit Impact on p




Dijet resonance searches

ATLAS-CONF-2016-069

e Search for non-SM features in di-jet final

+ New resonances in mj; spectrum
e Select events with leading (subleading) jet pr > 440(60) GeV
e Search for a bump in invariant mass m;;

e ~16 fb! analysed, preliminary result shown in ICHEP

T — . GC, 63 ATLAS Prellmlnary s
o —_— 107 - 1 =
2 ) ATLAS Prellmlnary Standard Model Lﬁ \s=13 TeV, 15.7 fb’ S
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https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2016-069/

SUSY searches with jets and Er™'ss

Events / 200 GeV

Data/ MC

ATLAS-CONF-2016-078

P
» Search for squarks and gluinos in
final states with jets and Ey™ss
p * Effective mass (scalar sum of jets
pr and Ery™%) the discriminating
~13 tb'! analysed, preliminary variable
result shown in ICHEP
1045_ [ I | L =
- ATLAS Pfe“m'nary ;2325?45""”"20‘6 1 [ Channel Mefi-4j-1000
- Vs=13TeV, 13.3 b [ We+iets . Total bke 31
S : + single to — & . .
10 i %;ij:t?)& see 5 | Total bkg unc. +7 [8%]
. (£ Diboson 1 | MC statistics +2.6 [3%]
102:_ Egﬂau::{reet:t = A/.LZ-|—_jet.q Zt3]. 4% J t MET th
- m(g, 1°)=(1800, 0) : ALUW 4iete +1.9 2% e / e
ok 1| Aprop +2.6 [3%] only relevant
3| DHMulti—jet +0.03 [0%]  gqetector -
i 1| CR~y corr. factor +1.9 [2%)]
1 ~---—¢d | Theory Z +4 [5%] related
B § Theory W +1.3 [2%] yncertainty
2 - ' > | Theory Top +1.3 [2%)]
s NN (~Theor Diboson w21 Gl
i A e 1 “r“///////////////// ............. Jet/MET +2.0 [2%)]
°“ 7006 7500 2000 2500 3000 3s00 | ~viulti-jet method +0.52 [07%)]

m,(incl.) [GeV] 28


https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2016-078/

Conclusions

e Jets in LHC: challenging but extremely interesting objects

+ Huge amount of work optimising their energy calibration and
performance and minimise the related uncertainties

+ Key ingredient for many analyses

e Jet Run-2 performance in ATLAS, already comparable to the one
of Run-1

+ We should (and will) do better in the years to come

T | T T T | T T T | T T T | T T T | T T T | T T T —
— ATLAS Online Luminosity  /s=13Tev —

- [ LHC Delivered
~ [_] ATLAS Recorded

_1]

4)
o

= ATLAS Run-2 jets are ready
for an ambitious physics

N
o

”  Total Delivered: 38.9 fb”'
—  |Total Recorded: 36.0 fb

W
o

otal Integrated Luminosity [fb

programme O_/' E
= Stay tuned for the full /:/10 E
2015+2016 datasets results i

18/04 16/05 13/06 11/07 08/08 05/09 03/10 31/10
Day in 2016
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Jet inputs in ATLAS: calorimeter clusters

=HExploit high resolution of calorimeters and fine longitudinal segmentation

* 3-dimensional topological clustering of calorimeter read-out channels (cells)

+ Optimise to follow the shower development in the calorimeter
+ Noise suppression
+ ldeal for jet substructure (constituent level calibration)

S [T prrTTpTTTTrTTT B R R R ]
. [ :
3D topological cluster L e ST T s S e e -
@ - ATLAS Slmulatlon ]
S - 50 ns bunch spacmg . -
z .l 8 TeV, T S o
T 1oL '8=8T TeV.. su.?_: ............... .+,.t.+. ................... A
. [EI>40 Onoise |§ 10 - a | T 3
:|EI>20, ., - ]
"v FCall |
. /E/>00n01se -,i FCal2 §
FCal3 -
O: Calorimeter cell S HEC1 ]
| _ _— ... *Tile2 "HEC2 |
TQ [ T 0 Tileg ©HEC3 3
R TR R T A T T
O 05 1 15 2 25 3 35 4 45 5
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Jet inputs: calorimeter clusters

* Two energy scale calibrations for topological clusters

+ Electromagnetic (EM)
+ Local cluster weighting (LCW): Distinguish EM/HAD depositions

= IM-like @

Topo-cluster Cluster
Formation Classification
= 4 1
& >
vga.s B RN SN SRR SRS . SN SN Y S S SRR 0.9 E
° 0.8
a2 020 A e S
E” —0.7 o
2 i R D —
2'5: —0.6 Q.
A - —— 05
20 ]
O Y -
>SS Energy density [Bo.1
O:|:| IIIilIlI Lt IIIIIIII]IIIIIIII?I 0
9 -85 -8 -7.5 -7 -65 6 -55 -5 -45 -4
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C

Hadronic

alibration

Out-of-cluster Dead Material

Corrections
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i
lllllll
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35 4 45

1 1 1 1 1 i 1 L 1 1
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— s 1 i 1 t : t : 1.5
£ [~ | weight_ieta_10_icalo_2_isamp 0
E (|Entries 24728 14
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Jet algorithms

® kr algorithm

, AR\
dij = mm(P%‘;,P%“j) (E) , dip = P

e C/A algorithm

2
dij = (%) ) dip=1

® anti-kr algorithm

5 o (AR)’ _
d;j = min(pr;, f)(ﬁ) , dip = pp]

anti—ky

(AR)? = (An)* + (A¢)?

py > pF

e Anti-kr family of jet algorithms: the standard at LHC experiments
+ Regular shape objects (easy to calibrate, more resilient to pile-up)
+ Typical jet size for resolved objets R=0.4 or 0.5 , where R=\(An2+Ag?)
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Jet calibration chain

=

=
)

O,

:

- Start from calorimeter jets &
Q.

e Origin correction: to *

account for the hard
scattering primary vertex.
Changes the jet direction

¢ Jet area and residual
pileup corrections to
decrease pile-up

contamination Jet-by-jet pile-up sensiuvicy

Event-by-event pile-up activity (pile-up density)

ATLAS-PHYS-PUB-2015-015
Pile-up paper submitted to EPJC

- ATLAS Simulation Preliminary
—Pythia Dijet \s = 13 TeV
8_anti-kt EM R=0.4

6

——e—— Before any correction
—m—— After pxA subtraction

-0.4- — 4 After residual correction

lIlIIlIlI|IIII|IIII|IIII|IIIIIIlIIIIIIIlllI[

0 05 1 15 2 25 3 35 4 45
m

— constructed with

[ jet ) .
T no minimum
o = median < je,t > pr threshold
A’
. L)
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http://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PUBNOTES/ATL-PHYS-PUB-2015-015/
http://arxiv.org/pdf/1510.03823v1.pdf

Jet calibration chain

ATLAS-CONF-2015-002

e

e Global sequential calibration (GSC): to reduce fluctuation effects
+ Use jet-by-jet information to correct the response of each jet individually
* MC JES (one step before) corrects jets to particle level reference on average

e GSC variables
- Longitudinal structure of the energy depositions within the calorimeters

- Track information associated to the jet

- Information related to the activity in the muon chamber behind a jet (muon segments)

In| region | Correction 1 | Correction 2 | Correction 3 | Correction 4 | Correction 5

[0, 1.7] JTileo JLA Nirk widthy N, segments
1.7,2.5] SLAR Nirk widthyk N, segments
:2-5 ,2 7 f LAr3 N, segments
2.7,3.5 JLA
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https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2015-002/

Global Sequential Calibration

. . . . ATLAS-CONF-2015-002
e Derived using MC, parametrised in pr and n ATL-PHYS-PUB-2015-015
D CATLAS Simulation Preliminary ~ 1 0.25 " ——— ]
d [ ATLAS Simulation Preliminary = - & - ATLAS Simulation Preliminary -
O 1.2(Pythia Dijet \s =13 TeV — g - PYTHIAS -
% | EM+JES w/0 GS R=0.4 anti-k, n|<0.8 | UO-) 0.2 EM+JES —
Q ) | ] o - [<0.3 e W0 GS .
o ] 747) 30<p™" <40 GeV | = " anti-k. R=0.4 N
— —— ] | T 0.15_an| t M 0 GS ]
o 1.17 WY 80< p™™" < 100 GeV 2, - Gsca'° .
- . -+ [ 350 < pi"™" < 400 GeV - S . e ’
- . 4 | = 0.1— =8 I 2 leading jets —
1 i‘“*“'-_ + ] (o) - . *a_ -
L, — y 0.05- T, Teag, e
09 __ N 002_ ; -} —
2 01c g | | ] o i ey
- - ~
> 0.05 : 2 002 - e
% OO | 03 ; -0.04+ A _‘L.—v—.—v—.—v'—‘_v;’f‘.-"-***'._'_ — _
5 widlth,, o 20 10% 2x10? 10% 2x10°
< truth
/ Py [GeV]
+ Improves flavour uncertainties
D PrORGje)
widthy, = — Z l. , average distance between tracks associated to jets and jet axis
Pr
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https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2015-002/
http://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PUBNOTES/ATL-PHYS-PUB-2015-015/

JER uncertainties in Run 2

T T T 1T

N ATLAS Prehmmary Slmulatlon
0.2 Pythia Dijet 's = 13 TeV
~anti-k, EM+JES R=0.4

— 0.3<1|< 0.8

Smearing factor
o
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#’%'_""4}"""""""

|||I
T.

IIIIII| |

T T T TT

5 vs 4 sampling points
—4— 50 ns vs 25 ns

—7 modified topo-clustering
—» early data conditions
—-= noise threshold

- Underlying event

I]I]II|
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T |

T

Uncertainty on cs(pT)/p
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®) o
oo '_L

o
o
o)

IIlIIIlIII

0.04

0.02

ATL-PHYS-PUB-2015-015

- \s=13TeV
B anti-k, EM+JES

- n=0.0

ATLAS Prellmlnary
+insitu, R=0.4

|| Total uncertainty
[ Total uncertainty, 2012
== Noise term
Dijet in situ measurement
-------- v+jet in situ measurement
= Z+jet in situ measurement
2012 to 2015 extrapolation

"‘III|III|III|III|II

20 30 40

10° - 2xd 0®
ﬂft [GeV]

10°  2x10°

e Current 2015 JER measurement, based on a 2012 JER measurement extrapolation

(pre-recommendations)

* |n-situ 2015 measurement ongoing, target to have it done in 1-2 months
timescale. It will be the base of the 2016 JER recommendations

* JER uncertainties correlations are now taken into account coherently

+ We provide an implementation with 9NPs, smearing the MC and Data. See here for details

+ This will be supported in 2016 recommendations
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http://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PUBNOTES/ATL-PHYS-PUB-2015-015/
https://indico.cern.ch/event/368266/contribution/3/attachments/732229/1004628/JERppWeek28Jan.pdf

JES ATLAS and CMS

e Understand the source of the uncertainty
e Correlations are driven by the methods to derive them

e Detector related —-> non correlated
* Theory related (use simulation) —-> correlated
e Others in between

[ _'Z, 01 T T T LI B B T
® Gluon flavour uncertainty £ [ ATLAS+CMSPreliminary ]
. . g _ ATLAS: anti-k, R = 0.4, LCW+JES .
* ATLAS and CMS derive an uncertainty from the g 008 oS =i F0s PriowJEs 7
difference between Pythia and Herwig++, 4o — ATLAS gluoret uncertainty -
. . < @ L CMS gluon-jet uncertainty i
e same generator difference is used, and then 5 :
. . ] 1S4 B |
evaluated in a given topology (for a given gluon £ %% N
fraction), they are expected to be strongly —— | 7™~ -
correlated. Z S :
. . . . . . L TR SR S S A L ] -
* This, combined with the nearly identical resulting °"20 30 40 102 2x10° 10°  2x10°

. . jet
uncertainty between experiments fully correlated. pr [GeV]
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JES ATLAS and CMS

The associated correlation ranges for these correlations groups are listed below.

1. Uncorrelated uncertainties: correlations between ATLAS and CMS are fixed at 0%.
* Statistical and detector-related uncertainty components
* Fragmentation-related terms not in other correlation groups
* Pileup uncertainty components
* High-pr uncertainty components
* Single-experiment uncertainty components

2. Partially correlated uncertainties: correlations between ATLAS and CMS are varied between
0% and 50%.

* In situ absolute balance modeling uncertainty components (Z-jet, y-jet, and multi-jet balance)

3. Mostly correlated uncertainties: correlations between ATLAS and CMS are varied between 50%
and 100%.

* In situ relative balance modeling components (n7-intercalibration)
* b-jet fragmentation energy scale uncertainty

4. Fully correlated uncertainties: correlations between ATLAS and CMS are fixed at 100%.

* g-jet fragmentation energy scale uncertainty
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Tracks and vertexing against pile-up

(N_), p, > 20 GeV

Data/MC

Data/MC

JVF[jet2, PV1] = 0
JVF[jet2, PV2] = 1

J-IlllllllllllllIIIIIIII|IIII|IIII|IIII|III

3.2~ ATLAS 7 MC, No JVF Cut

3:_ Powheg + Pythia 8 m Data, No JVF Cut trkivx
C 2 et vV MG, |[JVF| > 0.25 , _Xpy /
2.8 4+ v Data, [JVF|>0.25 five(etvix) = y pik JVF[jet1, PV1] =1 - f
[ (s=8TeV, 2031 $ MC, |[JVF| > 0.50 Pr JVF[jet1, PV2] = f
2.6 anti-k, LCW+JES R=0.4 ¢ Data, |JVF| > 0.50
0 4 0.0< <21 JVF Uncertainty

2.2
2:_ 10°ET ~ ~ ~ T 1 T T L
1.8 3 - ATLAS Simulation -
- o - Z — ee +jets .
1.6~ - I £ - anti-k ,R=0.4, LCW+JES ]
B ¥ 4 4 XXX 80000000 B BRI Z 20 < p_<50 GeV, i< 2.4 |
1 '41_' . . . : . : . = =7 Pile-up jets .
1.05F- v |JVF|>0.25 m No JVF Cut — 1 Hard-scatter jets i
L AAL MAAMAAAL AbAL D - - ]
- [ —.—ﬂ-..’ ] 1% | —
0950 . mTmmage OF -
1.05 ¢ |JVF|>0.50 m No JVF Cut | i ]
1 oatege00e00y 000, 4, ¢ ] |k -
: gV A : e -
O9S  T 1 0.5 0
0 5 10 15 20 25 30 35 40,

e Robust and efficient tracking performance is of paramount importance to
mitigate the pile-up fluctuations affecting hard scattered jets
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Pile- up at HL-LHC

e e ASSe i e e —————
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An event display showing reconstructed tracks and vertices (>100) of a simulated
top-pair event with additional 140 interactions overlaid for the Phase-Il detector

e Coping with 140 200 expected plle -up interactions, a tremendous challenge in HL-LHC

£ 0.90 1 T T T T T T T T T
2 a 7)) | I ]
£ - ) > 9 hits, < 1 pixel hole ATLAS Simuiain . o " ATLAS Simulation Preliminary }
£ 085 ) — a " Pythia8 dijets, (s=14 TeV ~ —e— corrJVF, (1)=80 i
g - Leesaseet outSonstetes . 8 | Anti-k, LCW R=0.4 —m— corrJVF, (u)=140 ]
& et - = | Il <1 4 corrJVF, u=250 |
= 0.80— ] S. 20 < pconsm -pA <30 GeV
N i O i
075 o >
0 50 100 150 200 2
Number of Pileup Interactions O 1 0'1 —
s 090—m—m— . 2 ]
N- C () ATLAS Simulation T 1
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S 085 — 1
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Solution Efficiency for hard-scatter jets
e Choose relevant detector capabilities - Important component of ongoing R&D

e Develop sophisticated pile-up mitigation = - ITkncoverage will play a crucial role
techniques



Jet performance at HL-LHC

® The size of pile-up fluctuations
become of the same order as the
hard scatter jets at low pr

® Jet pr measurement is only
meaningful when it is significantly
above the pile-up noise

+ Key for jet calibration at high
luminosity: reduce pile-up
fluctuations!

* |Lower jet pt thresholds are
important for several physics
processes, e.g. jet veto In
VBF Higgs processes, single
top, t-tbhar, etc
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