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What is a jet ?
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Eur. Phys. J. C 77 (2017) 490

This is nice but… how do I 
actually characterize this?

In short: Jets represent a collimated shower of 
energetic hadrons.

https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/PERF-2014-07/


Jet calibrations → What & Why

Different detector jet 
response for different 
parton-initiated jets 
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https://arxiv.org/abs/2303.17312

Corrections of the Inclusive Jet 
Energy Scale factor respect to 
the b-Jet Energy Scale were 
found to be of the order >2-3% 
(depending on photon pT)

https://arxiv.org/abs/2303.17312


Jet calibrations in Top Physics → Does it really matter ?
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top quark mass with with a high transverse momentum 
Combination of 
measurements ATLAS & 
CMS 7 TeV

Template top mass (dilepton+ljets)

● Most of the top quark mass measurements (and other particles) have 
as main uncertainties features related to Jet calibrations.

https://arxiv.org/abs/2502.18216
https://arxiv.org/pdf/2402.08713
https://arxiv.org/pdf/2402.08713
https://arxiv.org/pdf/2402.08713
https://atlas-glance.cern.ch/atlas/analysis/analyses/details.php?ref_code=ANA-TOPQ-2018-20


In-situ Direct Balance technique

https://arxiv.org/pdf/2303.17312

Z boson or 
photon

5

Inclusive measurements 
of the Jet Energy Scale 
historically have as 
leading uncertainties the 
photon scale and 
topology (~1% depending 
on photon pT) 

ATLAS work in progress

ATLAS work in progress

https://arxiv.org/pdf/2303.17312


The actual work: cJES and bJES calibration factors
ATLAS work in progress
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The potential precision we aim to achieve is the per mill level, 
can be statistically feasible, but still need to handle properly 
systematics 



The actual work: cJES and bJES systematic uncertainties
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● The systematic uncertainties go down to per mill level as expected, i.e 
the photon scale.

● There is topology uncertainties that are giving rise to larger values, a 
further investigation might be needed

● But the overall uncertainty lies below 1%, which is the main goal of the 
calibration strategy.

ATLAS work in progress



Conclusions
- Jets play a central role in High Energy collisions where hadrons are involved. 

An efficient way of calibrating them is crucial for the physics program.
- The “flavour” of the jets proved to be important in the regime of precision 

physics, 2-3% correction for some bins in photon pT.
- In this new study we are developing a b-jet data-driven calibration with a 

precision of few per mille, adapting direct balance methods for gamma/Z+jet 
channel.

- These improved calibrations will constrain the Jet Energy scale and the b-Jet 
energy scale, which are found to be the leading ones in some physics 
analysis, like in Top Physics.

Thank you!
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Backup
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How to actually build a jet (in ATLAS)
Creation of topo-clusters

- Clusters are seeded by cells with large energy over 
noise ratio |ζ|>4  (highly significant)

- Expanded on neighbouring cells. All Neighbors with 
|ζ|>2 are added  

- All neighbouring cells are added regardless of the 
significance |ζ|>0 

- Final cluster splitting step breaks up large 
topo-clusters with multiple local maxima

Dilia Portillo’s slides

Jet inputs

Topo-cluster

Tracks

Jet finding

Reconstructed jet
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https://indico.cern.ch/event/1380446/sessions/551473/attachments/2915925/5117281/HCW%20JetDef%20intro%20-%20Dilia.pdf


How to actually build a jet (in ATLAS): second round
Creation of tracks On top of topo-clusters you can also use the track information to build jets

- They are built up with information from the 
SCT and pixel detectors.

- A connected component analysis (CCA) 
groups pixels and strips in a given 
sensor, where the deposited energy yields a 
charge above threshold, with a common 
edge or corner into clusters

- From these clusters, three-dimensional 
measurements referred to as space-points 
are created. The assembling is different for 
SCT and the pixel detector.

- Track seeds are formed from sets of three 
space-points

- A combinatorial Kalman filter  is then used 
to build track candidates from the chosen 
seeds. Track candidates go through an 
ambiguity solver and quality cuts to choose 
those ones with the highest scores.

- Finally, a fit is performed on these tracks 

Ambiguity solver sketch

• Particle Flow Objects (PFO) 
• Track Calo Clusters (TCC) 
• Unified Flow Objects (UFO)

Jet inputs

Topo-cluster

Tracks

Jet finding

Reconstructed jet

Jet definitions
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https://arxiv.org/abs/1704.07983


How to actually build a jet (in ATLAS): bonus
The topo-cluster can enter the jet finding algorithm either calibrated or uncalibrated

- Electromagnetic Scale (EM-Topo): same scale as the cells. Used for 
small-R jets.

- Local cell weighted (LCW) scale (LC-Topo): Topo-clusters calibrated 
based on their properties. Used for large-R jets .

Topo-clusters are identified as 
either electromagnetic or 
hadronic by the EM probability

Weights are then assigned to account for: Differences in detector response due to 
calorimeter non-compensation, energy falling in unclustered cells,  energy deposited in 
inactive (dead) regions of the detector
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Few words about jet definitions (in ATLAS)

Particle Flow Objects (PFlow)

- The tracks are matched to one or several 
topo-clusters.

- Then track energy deposit is subtracted from 
topo-clusters together with the remnant 
cluster energy.

- The output of the algorithm are tracks, 
updated topo-clusters (with the subtraction 
applied) or just the same topo-cluster if no 
matching with tracks was found.

Track Calo Clusters (TCC) Unified Flow Objects (UFO) 

- Match tracks to topo-clusters.
- A 4-vector is built up of matched objects, with 

dedicated calculation of energy sharing 
between tracks and calorimeter deposits.

- Take spatial information from tracks (phi, eta) 
and calorimeter information with energy 
deposition.

- Improve angular resolution of high pT 
particles 

boosted environments (Large-R jets)  lower pT small-R jets best of two (?)

- UFO algorithm uses PFlow and TCC inputs 
to build the jet
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A word on pseudocontinuous btagging (https://ftag.docs.cern.ch/calibrations/cdi/pcbt/)

GN2
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Jet

Jet

Jet

Jet

Jet

ATLAS-PHOTO-2018-015

https://cds.cern.ch/record/2313780

