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The Chicago Group
• The Chicago group at CERN

– Jim Pilcher
– Monica Dunford
– Giulio Usai
– Martina Hurwitz (→Chicago)
– Imai Jen-La Plante
– Eric Feng
– Tudor Costin

• The group at Chicago
– Kelby Anderson
– Florencia Canelli (new!)
– FSM
– Mark Oreglia
– Mel Shochet
– Ambreesh Gupta 
– Rob Gardner
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Areas of software/analysis work
• Calorimetry Overview

– Monte-Carlo Calibration
– Z+jet, gamma+jet
– Optimal filtering
– Online reconstruction
– Calorimeter monitoring

• FTK (Mel Shochet)

• A few specific topics:
• Ambreesh Gupta:  Calibration and jet algorithm development, 

corrections, inversion method.
• Belen Salvachua (ANL): Extensive jet calibration work.
• Martina Hurwitz:
• Imai LaPlante: Studies of different algorithms, W+jets
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Jet Algorithms In Athena

Iterative cone

∆SETseed∆R

50%2 GeV0.7/0.4 ATLAS

Split and merge procedure when 

∆S of jet overlaps.

E Recombination scheme:  4 vector 
sum of object components to obtain 
jet kinematics – other schemes 
implemented and usable from 
jobOption

Cone algorithm is the most 
widely used for physics 
analysis in ATLAS up to 
recently: cone 0.4 for top 
physics and cone 0.7 for all 
other analysis.

In last year a lot of activity 
has started on other jet 
algorithms and in finding 
the best parameters for 
various physics studies.

( ) ( )22 ηφ ∆+∆=∆R
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Noise Suppression
♦ Large number CaloCell (about 10000, mostly EM) in a jet

- Important to have good noise suppression algorithm 
♦ CaloTopoCluster naturally suppress noise 

- Random noisy regions do not form clusters.
♦ Noise sigma in jet reflect the number of CaloCell in a jet

- Also should estimate total signal selected by noise suppression algorithm.
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Jet Energy Correction
♦ Response to EM and HAD particle different

- Calorimeter calibrated at EM scale.
- Different jet energy correction schemes find
variables correlated to hadronic energy deposit.

- Two such variables: 
1. Energy density 2. Longitudinal depth

Large energy density 
=> EM energy

Early part shower EM 
Later part shower non-EM

Fractional EM energy

in shower (TileCal) w.r.t

longitudinal depth

NIM A 443 (2000)

♦ Both these variables used for Jet Energy  
correction - weighting schemes.

Plot from Sven’s talk
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0.0 < jet eta < 0.7 1.5 < jet eta < 2.5

Jet Linearity in energy
♦ Different calibration schemes are compared in a common setup.
♦ We have considered isolated jets to disentagle effects of clustering from calibration.
- In energy range 2 GeV - 2000 GeV, linearity recovered to 1% by H1 and Sampling.
- Some deviation beyond 1% for Pisa. 
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Jet Eta
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Jet Linearity in eta
♦ Jet linearity in eta is complicated by the changing material and detector regions.

- H1 and sampling recover linearity close to 1%
- Pisa has larger fluctuations at low energies (no fudge factor applied). The deviation 

at eta>2.2 is due to sw problem.

100 GeV jet 1000 GeV jet
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Jet Energy (GeV)
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Jet Resolution
♦ The energy density calibration methods have better resolution compared to 

sampling method at higher energies.
- the difference decreases at higher eta.

0.0 < jet eta < 0.7 0.7 < jet eta < 1.5
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Jet Resolution
♦ Multi-jet event 

- Cone 0.7
- Use towers that include 

only those cells that belong 
to topoclusters
- H1 weights.
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Summary & Conclusion
♦ We have started to define a set of measurement to assess jet reconstruction and 

calibration performance (concerning constituents and weighting schemes).
♦ CaloTopoCluster significantly reduces noise

♦ Studies to understand the performance of jet reconstruction with topocluster
1. There are indications that topoclusters should be limited in size to be effectively 

used as input to jet clustering alg’s.
2. Efficiency using 2 GeV seed is higher for topoclusters. 
3. Decreasing the seed to 1 GeV for towers almost recovers the efficiency (w.r.t. 

topoclusters) without affecting the fake rate. 
4. Loss of efficiency at high energy is mainly due to splitting (it needs more 

investigation to be completely understood)
♦ Comparison studies between different jet energy correction schemes 

performed.

1. H1 and Sampling are linear to 1% at high energy (low energy a few %).

2. Methods using cell energy density give better resolution at high energies.



11-Jan-08
F. Merritt

13

In Situ calibration
• So far, calibration is based on Monte-Carlo studies of jets, and 

calibration constants are fitted to give closest agreement between 
“truth” (generator) and reconstruction.

• When ATLAS turns on, the first critical job in calorimetry will be to 
study well-understood events to determine the jet energy scale, and to 
adjust calibration constants.

• Best candidates for this are Z→ee for electromagnetic calibration and 
Z+Jet or γ+Jet events for hadronic calorimetery.  But balancing the 
leading jet against the Z/γ -- which worked well at the Tevatron –
gives significant biases at LHC energies.

• Have investigated this at the generator level:
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balance
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Z+jet
events

(Y-axis is
JetPt/ZPt-1)
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Conclusions

• Good progress on Monte-Carlo analysis and calibration 
tools.

• Much better understanding of Z+jet and γ+jet events.
– Should be able to extract jet energy scale, and to verify calibration 

and resolution.

• Still much to do:
• How to handle dead or problem cells.
• Need monitoring/calibration at cell level using data.
• Better understanding of MC systematics.
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