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ATLAS The Large Hadron Collider

Located at CERN and in both Switzerland and France

27 km loop, ~100 meters below the ground

Accelerates and collides bunches of protons and heavy ions at high center of
mass energies (1/s)

Home to detectors like ALICE, CMS, LHCb, and ATLAS
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5 The ATLAS Detector

- ATLAS 1s a multi-purpose detector
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Jets and the ATLAS Detector

High energy collisions produce sprays of particles

Most ATLAS analyses group these particles and the associated detector responses into
useful objects called jets

-+ Jets are by far the most common product of collisions

A lot of work goes into constructing
and calibrating jets in ATLAS
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https://www.ericmetodiev.com/post/jetformation/
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l k, R=1 |

Jet Reconstruction

- The anti-kt algorithm is used to build jets from the detector
measurements

- The radius (R) characterizes the reconstructed jet size
* Small-R (R = 0.4) — Good for ‘standard’ jets X
- Large-R (R = 1.0) — Good for jets from high momentum W, Z, top, etc. ,

- Corrections are applied to the jets to account for noise from B
other secondary collisions (pileup) y

- As you can see below, events can be quite noisy!

ATLAS Event Display

y
arXiv:0802.1189 [hep-ph]



https://arxiv.org/abs/0802.1189
https://twiki.cern.ch/twiki/pub/AtlasPublic/EventDisplayStandAlone/2012_highPileup.png
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Jet Calibrations

- Biases in the detector response are accounted for by calibrations to the jet
energy and direction
* Important near boundaries between detector components
- Also account for jet properties such as flavour, topology, and the simulator used

- The final step 1s to correct data to match simulations using in situ
measurements of the Jet Energy Scale (JES)

- This corrects the jet energy to the particle level scale
+ In Situ: calibrations are derived from jet measurements within the detector

+ Uses same datasets as analyses

Reconstructed pr-density-based Residual pile-up Absolute MC-based Global sequential Residual in situ
jets pile-up correction correction calibration calibration calibration

Jet finding applied to Applied as a function of Removes residual pile-up Corrects jet 4-momentum Reduces flavour dependence A residual calibration
tracking- and/or event pile-up p; density dependence, as a to the particle-level energy  and energy leakage effects ~is applied only to data
calorimeter-based inputs. and jet area. function of u and Np,. scale. Both the energy and  using calorimeter, track, and  to correct for data/MC
direction are calibrated. muon-segment variables. differences.

[hep-ex]



https://arxiv.org/abs/2007.02645
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MC

JES Measurements

- Multiple statistically independent measurements are
used to evaluate the JES across a range of pT values

- Momentum balance between reference and probe jets
* Measurements from complimentary detectors

- The combination in this presentation uses the
following measurements:

* Photon + Jet
« 7 > eet et
« Z > up+dJet
- Single Particle Response (E/p)

w
o
=

jet
- Data/Simulation ratio of jet response R = (F¢ / ref

used to evaluate the JES for each method

MC / Data

[hep-ex] ,

1
0.99
0.98
0.97
0.96

5=13 TeV, Data 2015-18
nti-k, R=0.4, EM+JES, n[<0.8

+jet quark/gluon mix

-l‘j

N

W |

ATLA

IIIIIIIIIIIIIIIIIIIII

-IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII IlIIIIIIIIIII

0.95F et
= p; balance E/p
0.945 “Mean  —Mean
0.93F [ stat [Total
0.92F- [JTotal
0.97— - —
20 30 102 2x10?
o . [GeV]
0.92— ATLAS eData -
- Vs=13TeV, 80fb", y+jet  aPythia8 .
0.90— Anti-k, R = 0.4 (PFlow+JES) vSherpa2.1.1 ] E/p
0.88~ I"1<08 ey
086 - +++++_._+' 4
C - &
0.84 e —
082 T o E
- — ]
0.80:— —— | ‘ - Photon
1.05 g ] 4 J @t
r O bt s g
ST 0[S i i AT i SO0 S ]
30 100 200 ‘f‘fooo
[hep-ex] P [GeV]



https://arxiv.org/abs/2407.15627
https://arxiv.org/abs/2007.02645

Carleton

ATLAS

-
Mo

Relative weight in average
o o
(o)} oo —_

o
S

—
N

JES Statistical Combination

- The JES calibration is a weighted average combining all the measurements

||II|I|||
by
-
1

1 | | 1 L | 1 I I [ II I |
_\G—13Tev Data 201518 ATLAS —
- anti-k, R = 0.4, EM+JES, [n| < 0.8 -
— Y +Jjet r -
- —— Ebp / ]
— == Z(— ee) + jet —— —
1 Z(— ny) + jet / i
~ 4 ]

/ / ]

20 30 40

102

2%102

10°

2x10°
P} [GeV]

[hep-ex

- The weights are determined by a y?
minimization
. Accoun‘qs fgr cor.rel.ations 1n
uncertainties within measurements

* Measurements with smaller
uncertainties have larger weights

- Additional uncertainty scaling is
applied where measurements have
less agreement

- Combining measurements reduces
the overall uncertainty

- First time combining single particle
response (E/P) with jet momentum
| balance!



https://arxiv.org/abs/2407.15627
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A Combined JES Cahbratlon
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https://arxiv.org/abs/2407.15627
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In Situ Uncertainties

- The full JES calibration uncertainties come from statistical and systematic
sources

- These include jet particle flavour, biases from using select event topologies for the
calibration, etc.

- Uncertainties are collected and defined in configurations which ATLAS
analyses can use to easily apply uncertainties correctly

+ Contain information on correlations, parametrization, etc.

- Like for the JES, there are sets of uncertainties for the Jet Energy
Resolution (JER), Jet Mass Scale (JMS) calibration, and Jet Mass Resolution
(JMS)
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Final JES Uncertainties
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Summary

- Jets are by far the most common object in ATLAS collisions
- Precise measurements of jet characteristics are very important for most analyses

- The JES calibration is crucial to accurately analyse jets in the ATLAS datasets

* The calibration uncertainties account for the majority of the jet uncertainty and so achieving a
precise measurement is a challenging but important effort

* Currently we can achieve sub 1% uncertainties for most jets!

- Thanks for your attention!

- Many thank for the help from the ATLAS JetEtMiss and In Situ group as well as the
Carleton ATLAS group

ATLAS Carleton &

EXPERIMENT University N~

NSERC
CRSNG
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Jet Construction in ATLAS

- Many steps go into producing jet objects used by analyses:
- A jet finding algorithm i1s used to produce initial objects
- Numerous corrections and calibrations are used to refine the initial jet object

- Finally the in situ calibration corrects for differences between data and Monte Carlo
simulations

- The Jet Energy Scale (JES) in situ calibration corrects the reconstructed jet
energy to match simulation

* Derived from the differences between data and simulation using well understood
reference objects

+ A similar calibration also exist for the Jet Mass Scale (JMYS)

Reconstructed pr-density-based Residual pile-up Absolute MC-based Global sequential Residual in situ
jets pile-up correction correction calibration calibration calibration

Jet finding applied to Applied as a function of Removes residual pile-up Corrects jet 4-momentum Reduces flavour dependence A residual calibration
tracking- and/or event pile-up p; density dependence, as a to the particle-level energy  and energy leakage effects ~is applied only to data
calorimeter-based inputs. and jet area. function of u and Np,. scale. Both the energy and  using calorimeter, track, and  to correct for data/MC
direction are calibrated. muon-segment variables. differences.

arxXi1v:2007.02645 [hep-ex]
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iR JES Statistical Combination

- A fine binning is used for the combination
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