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Outline
● Jets are experimental signatures of quarks and gluons in high energy processes.

○ They are built: . 
■ with anti-kt algorithm of cone size R=0.4 or 1.0.
■ using constituents which combine information from charged particle 

tracks and calorimeter energy deposits:
● PFlow: combines tracks and topo clusters
● UFO: combines PFlow and Track Calo Cluster methods, which 

correct the topo-cluster spatial coordinates with matched track 
information at high pT.

● Detector-level jets need to be calibrated to the truth level, in order to compensate for 
detector and reconstruction-based limitations.

● Developments in the reconstruction and calibration of hadronic objects and missing 
transverse momentum will be presented.

Jet production

Calibration chain for small-R and large-R jets

https://cds.cern.ch/record/2275636/files/ATL-PHYS-PUB-2017-015.pdf;
https://atlassoftwaredocs.web.cern.ch/AnalysisSWTutorial/obj_jet_intro/
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/JETM-2018-05/fig_02.png
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/JETM-2018-02/


The ‘cell-time’ cut 
● Calorimeter topo clustering is based on the cell 

energy significance |E|/𝜎E

○ Seeds are the cells passing |E|/𝜎E>4.  Then 
there is an iterative collection of neighbouring 
cells.

● Cell-time information has been added recently to the 
topological clustering algorithm as additional
discriminator:

○ Cut at |t| < 12.5 ns for any cell that has  |E| > 
4σ and  restrict the time cut to those cells with 
E < 20σ

■ suppresses out-of-time jets while 
retaining in-time signals: about -60% at  
pT =20 GeV

■ Avoids rejecting phase space potentially 
sensitive to Long-Lived particles signals 
with higher significance.

3

EPJC84(2024)455

https://doi.org/10.1140/epjc/s10052-024-12657-1


Topocluster calibration using 
Machine Learning techniques
● The current version of the topocluster calibration is  the Local 

hadronic Cell Weighting (LCW) which aims to correct for hadronic 
non-compensation, and energy losses due to out of cluster and 
out of calorimeter deposits 

○ This is done using cluster moments and lookup tables to 
have an associated weight according to the probability of 
having a hadronic or electromagnetic cluster.

● New approach: Application of Machine Learning to topocluster 
calibration.

○ Using a regression technique, with similar input features as 
the ones used in LCW and also mu and NPV to include 
pileup information.

○ Tested already on the correction of hadronic non- 
compensation.

○ Architectures being used:
■ Deep and Bayesian Neural Networks (DNN, BNN)
■ DNN performs better than BNN.
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https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PUBNOTES/ATL-PHYS-PUB-2023-019/


Global calibration and  Global Neural Network 
Calibration 
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● The first stage of the calibration uses simulation to derive 
corrections to the Jet Energy Scale (JES)  in order to  reduce the 
impact of pile-up and detector effects.

○ After the MC JES calibration, the Global Sequential 
Calibration (GSC)  is applied to jets, accounting for 
differences between the calorimeter response to different 
types of jets.

○ The GSC uses many kinematic uncorrelated observables in 
addition to pT and the JES remains unchanged.

● GNNC  is an alternative procedure, that uses DNN with jet 
observables  (that can also be correlated) and is allowed to 
change the JES. The additional observables are:

○ 12 more layer energy fractions, number of clusters with 
90% of energy and pileup observables

● GNNC improves the resolution by 15-25% and the JES closure 
at low pT
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https://link.springer.com/article/10.1140/epjc/s10052-023-11837-9


Jet Energy Scale for bottom quarks
● Dedicated b-JES in-situ calibration is aiming: 

○ to improve the resolution of b-JES by taking into account the 
different nature of b-jet

○ To calculate the uncertainties of the b-JES: 
■ It should  reduce systematics but constituent based 

taggers have more generator dependance.
■ It might be the same for regression techniques - work 

on-going.

● New technique: Based on the GN2 and GN2X flavour-tagging models. 
○ two different regression models were trained:

■ one for PFlow small-R jets and another one for UFO 
large-R jets

○ Both models utilise the transformer network architecture. Jet 
and track inputs are concatenated and the combined jet-track 
sequence vectors are fed into a per-track initialiser network.

● Performance of small-R jets shows 18-31% better pT resolution.
● Performance of large-R jets  shows improvement on the mass and pT 

resolution of 25-35%
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https://cds.cern.ch/record/2860610/files/ATL-PHYS-PROC-2023-017.pdf
https://cds.cern.ch/record/2905688/files/ATL-PHYS-PUB-2024-015.pdf
https://cds.cern.ch/record/2904862/files/ATL-COM-PHYS-2024-560.pdf
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E/p method: In situ JES derived from
 single particle measurements

arXiv:2407.15627 and poster from
 L.P

anw
ar!

● JES is derived by shifting and smearing each particle in the jet by the measured 
calorimeter response and uncertainties.

○ Traditionally measured in minimum bias collisions using isolated tracks 
and having limited kinematic reach up to 20 GeV.

● New single particle measurement with W→ 𝜏𝘷 events opens up new possibility 
for precise measurement of JES.

○ Extends the kinematic region up to 300 GeV.

● Improvement achieved with combination of standard pT balance and single 
particle response based JES (especially in high pT region)

● The single-particle response measurements are generic, and can be used for 
any type of jet :

○ q/g jets, jets with different R, boosted jets

https://arxiv.org/abs/2407.15627
https://cds.cern.ch/record/2904424/files/ATL-COM-PHYS-2024-548.pdf
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 Using pile-up for physics [1]

● New reconstruction strategy to increase the statistics for hadronic 
processes at low energy

● The Triggering Primary Vertex can be removed and  jets from other 
vertices are used to reconstruct pile-up.

○ Use only jets from the same collision.
○ Use only well understood jets within the tracker coverage
○ Remove out-of-time jets

● With this approach we have more data compared to the 
single-triggers with pT < 65 GeV.

arX
iv:2407.10819

https://arxiv.org/abs/2407.10819
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 Using pile-up for physics [2]
● Dijet asymmetry defined with randomly selected probe and 

reference jets using jets in region 0.2 < |η| < 0.7

● Such a measurement is an excellent way of demonstrating 
the validity of the pile-up dataset.

● The statistical power of the pile-up dataset against the 
single-jet triggered data directly, shows that pileup sample 
has reduced statistical uncertainties at low pT

● The pile-up dataset is unbiased, since the results are 
compatible with the ones from the combined single-jet 
triggered measurement (dijet balance and random cones).
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and poster from
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https://arxiv.org/abs/2407.10819
https://cds.cern.ch/record/2904749/files/ATL-COM-PHYS-2024-555.pdf;
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arXiv:2311.08885

● Simultaneous calibration of energy and mass of UFO 
Constituent Subtraction-Soft Killer (CSSK)  large-R jets 
using one DNN.

● Jet energy response of the DNN calibration is  closer to 
unity  than the  standard calibration.

● Jet energy resolution is significantly improved with the 
DNN calibration.

● Jet mass response of  boosted massive jets (𝑊/𝑍, Higgs 
boson and top-quark decay) shows the improvements of 
the DNN calibration compared with the standard one

Calibration of large-R jets using
 Deep Neural Network 

https://arxiv.org/abs/2311.08885


Missing Transverse Momentum [1]
● Use of momentum conservation in x-y plane to 

estimate the pT of undetected particles
○  Important for searches of  beyond-SM 

particles like dark matter .
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●  In Z → μμ events no pT
miss

  is expected:
○ Overall good data/MC comparisons
○ Dominant systematic in pThard from JES.

arXiv:2402.05858

https://arxiv.org/abs/2402.05858


Missing Transverse Momentum [2]
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arXiv:2402.05858

● The soft term’s uncertainty is calculated by considering the projection 
of the soft term onto the hard term

●    pT
miss significance is an important quantity which helps to 

discriminate signal from background, in the context of  searches for 
new physics

○ σL defines the longitudinal resolution to  pT
miss  and ⍴LT defines 

the correlations between transverse and longitudinal resolution 
relative to  pT

miss 

○ The low values are dominated by events with an expected truth  
pT

miss of zero, which have some fake  pT
miss

○ The high valued tails are more dominated by events from other 
processes that have a high energy neutrino produced.

JETM
-2024-01 and poster from

 S. Rutherford! 

https://arxiv.org/abs/2402.05858
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PLOTS/JETM-2024-01/
https://cds.cern.ch/record/2904998/files/ATL-COM-PHYS-2024-573.pdf


Conclusions
● Significant improvements on reconstruction and calibration of 

hadronic objects in ATLAS:
○ Pileup mitigation by introducing the cell-time cut in the 

topoclustering algorithm.
○ Reconstruction of the missing transverse momentum and its 

significance, with important impact on dark matter searches.
○ New techniques to extend the energy/mass regions and the 

accuracy of the standard jet calibration methods.
■ New ML-based techniques have been explored.

○ Novel approach to use pile-up collisions to increase the 
statistics for low energy hadronic processes.

● Summary of all public plots for BOOST, prepared by the ATLAS 
Outreach Group: 
https://atlas.cern/Updates/News/Summary-BOOST-2024, 

● Stay tuned for new ideas  and further improvements!
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JETM
-2024-03 

https://atlas.cern/Updates/News/Summary-BOOST-2024
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PLOTS/JETM-2024-03/


Thank you!
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Back up
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Missing Projection fraction (MPF)  method
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● The in situ calibration aims to correct the 
jet response between simulation and data. 
It consists of several steps

○ Z/γ +jet
○ Eta-intercalibration
○ Multi-jet balanced methods.

● The MPF method is used  the use of  the 
hadronic system recoiling against the Z/γ 
and It allows to improve uncertainties and 
kinematic reach at low pT.

EPJ.C83(2023)761

https://cds.cern.ch/record/2854733/files/ANA-JETM-2022-01-PAPER.pdf


b- Jet Energy Scale 

● b-JES is motivated by the improvement of the 
(b-)jet energy resolution in the context of  H 
→ bb̄ analyses.

● Jets were tested against well measured γ, 
using the Direct Balance method. 

● b-jets correction was found to differ from the 
one for inclusive jets.
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EPJ.C83(2023)761

https://cds.cern.ch/record/2854733/files/ANA-JETM-2022-01-PAPER.pdf


b-JES
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b-JES



Topocluster calibration
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Pile-up 
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GSC
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GNNC
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E/p



Calibration of large-R jets using
 Deep Neural Network [2]

● Steps:
○ input processing:  η annotation

■ compute additional features based on η to 
encode the proximity of the jet to the 
different regions of the detector to adapt to 
the complex response dependency on η

○ core : several dense layers which are common to 
both E and mass calibration

○ deep tail : early fork between E/m outputs  
○ attention layers : helps the NN to learn which 

inputs are important for the mass calibration.
○ output:  calibration factors for E and m
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https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/JETM-2023-02/

