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Effects of calorimeter peculiarities on the Jet Energy Scale 

•  Pitfalls of calibration methods – expecially - for hadronic 
showers 

 

•  A/B = 1 paradigma: calibrate the different segments in 
the same way 
•  e/h difference in calo sections (if you privilege em than you pay in 

hadron…) 

•  Need for a precise MC for hadronic showers to help 
improving calibration 

•  Most important: check your calibration checks with data 
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Future calorimeters aim at a resolution good enough to 
disentangle hadronic decays of Z from W  
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Experiment CDF D0 ATLAS CMS 
Input Detector 
signals 

Towers Towers Towers, 3D 
clusters 

Towers 

Jet algorithm Cone (JetClu) 
0.4, 0.7 

Midpoint 0.5, 
0.7 

anti-kT 0.4, 
0.6 

anti-kT 0.5, 
0.7 

Calibration Pametrization 
+ data driven 

Mostly data 
driven + MC 

Simple MC 
based, Local, 
Global 

CaloJets, 
Calo+Track, 
Particle Flow 

G.Soyez, P.Loch, 
S.Hartmut, 

P.Gianluca, G.Velev 



Jet Energy Scale uncertainty – D0 

Jet reconstruction and spectroscopy 
at hadron colliders –  18-19.4.2011  

C.Roda – Summary talk 5 

G.Petrillo  
C
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CDF Jet Energy Scale Uncertainty 
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G.Velev 
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Jet Energy Scale uncertainty – LHC 
P.

Lo
ch

 
K
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ou
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is
 New version on full 

Data sample soon 



JES In-situ measurements CMS  
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Absolute scale 
Shift used for correction  

Energy resolution 

H.Stadie 
Gamma-Jet events MPF and pT balance 



 In-situ JES measurements ATLAS 
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D.Schouten 



Road to these results 

JES uncertainty at few percent level in a few 
months…. 

How we got there ? … hard work +  
 
Learnt from previous experiments, Tevatron 

experience was a great input for LHC 
Years of Test Beam to understand the 

details of our detectors 
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QCD measurements - LHC 
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ATLAS, F.Vives 
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ATLAS, F.Vives 
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CMS - K.Kousouris 
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Z.Zinonas 
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G.V.Velev 
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CMS and ATLAS Top mass measurement 
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Largest experimental syst uncertainty: b-jet and JES 

CMS - Dilepton  channel ATLS - Semi leptonic channel 

A
.N

eu
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R
.C
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Jets for Searches for new 
physics … 
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D.Duggan, B.Salvachua. R.Chierici 



Jet reconstruction and spectroscopy 
at hadron colliders –  18-19.4.2011  

C.Roda – Summary talk 23 

D.Duggan, B.Salvachua. R.Chierici 



What we have not found yet … 

Leptoquarks 
Forth generation quark 
Black holes 
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Quark compositness 
Axigluons 
….. 

However …. 
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Observed Lower Limits (TeV) 
Tevatron Atlas CMS 

Dijets 

Excited quarks (q*) 1.32 2.64 1.58 
Axigluons/Colorons 1.25 2.1 1.52 
String resonances 1.6 -- 2.5 
E6 diquarks 0.63 -- 1.6 
Randall-Meade QBH (n = 
6) 

-- 3.67 -- 

Contact Interactions l	

 2.9 9.5* 5.6 

Multijets Gluinos (RPV decays) 0.144 -- 0.280 

Leptons 
(MET) + jets 

1st Generation LQ (b =1) 0.299 0.376 0.384 
2nd Generation LQ (b =1) 0.316 0.422 0.394 

WWbb / WWjj 4th Generation Heavy 
Quark (Q4) 

mu4 > 0.356 
md4 > 0.372 

0.270 0.361 

Jets, Leptons, 
Photons and 

MET 

Semi-Classical QBH 
(n=6, Planck Scale=1.5 
TeV) 

-- -- 4.5 

* Bayesian Limit = 6.7 TeV 

D.Duggan 
B.Salvachua 



SUSY searches in CMS  

Jet reconstruction and spectroscopy 
at hadron colliders –  18-19.4.2011  

C.Roda – Summary talk 26 

CMS presented the razor 
method: data driven 

approach for background 
estimate -> will improve 
as statistics increases 

 
2011 will be the year that 

will teach us a lot on 
SUSY – discover or 
exclude the SUSY 

R.T.D’Agnolo 



The plots that everybody are 
discussing in these days…  
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Invariant Mass Distribution of Jet Pairs Produced in Association 
with a W boson in pp Collisions at √s = 1.96 TeV 
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b-jet, gluon jets, light quark jets… 
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High purity sample of 
b jets 

CMS - Z+b-jets 

J.Piedra 



Separating quark from gluon jets 

Jet reconstruction and spectroscopy 
at hadron colliders –  18-19.4.2011  

C.Roda – Summary talk 32 



Separating quark from gluon jets 
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Jets in their habitat - Soyez 
New or current important challenges: 

•  Pile-up, UE  
•  Pollution from soft events: use of JetArea 
•  Modification of hard jets: use anit-kT rigidity 

•  Sub-structure: find the jets from boosted particle decay 
•  Recluster: keep most  of hard part (perturbative) and remove UE 
•  Disentagle QCD from signal (W->qq, H->bb…) 
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Boosted W/Z in D0 – T.Gadfort 
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Need Control sample to check  
energy scale 
 
Can go to a more refined 
splitting 
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R.Chierici 
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One more challenge: jets in Pb-Pb collisions 
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R.Tenchini 

One more challenge: jets in Pb-Pb collisions 



My list of challenges 
•  Jet energy scale uncertainty improvement 
•  b-jets scale 
•  Jet resolution 
•  Triggering on hadronic states 
•  Robustness against pile-up  
•  Jets in Pb-Pb collisions 
•  Jet substructure 
•  Jet size optimization  
•  Jet ID: gluon vs light quarks 
•  Keep improving detector simulation 
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Backup 
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What is important for physics 

•  What is important for physics: 
•  JES uncertainty  
•  Resolution 
•  b tagging – missing items from talks ? 
•  Trigger  

•  Next steps: improve hadronic calibration 
•  Questions: 

•  Flavour dependence - Kostas 
•  Noise contribution - Wigman 
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Ingredients for the  

Experience from previous experiment 
TB detector understanding 
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Questions to Alberto 
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•  WW normalization to NLO 
•  Shift in Mjj from JES and from Bkg 
•  Checking the JES from top is not really fair since the event types are different  
•  Different fragmentation (?) 
•  ttbar spectrum 



MJB D.Schouten 
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D0 - Petrillo 
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D0 - Petrillo 
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Next steps: measurements of alpha-
strong 



•  Assuming only background contributions, and systematic errors, the 
probability to observe an excess larger than in the data is 7.610-4 
corresponding to 3.2 standard deviations 
• No excess in Z+jets however statistic not enough 
• Signal is compatible with a W plus a particle of mass 150 GeV 
• (Cross-section)x(BR jet jet) ~ 4pb 
• not compatible with WH->lnubbar: (Cross-section)x(BR bb) =  39 fb 
• b-jets ratio in excess region (120-160 GeV) is compatible with side 
band regions 
• Decay from heavier particle ? For the moment no evidence of a 
resonance produced by lepton,nu,jj 
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Invariant Mass Distribution of Jet Pairs Produced in Association 
with a W boson in pp Collisions at √s = 1.96 TeV 
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