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Outline

e

*

Jet fragmentation (2-3 slides)

e

*

Calorimeter Response (1 slide)
Multi Step Approach to Jet Corrections

e

®e

e

*

Noise and Pile-up (suppressed by tower level cuts, not
discussed)

Eta uniformity DiJet Balancing (2-3 slides)

e

*

e

®e

Eta uniformity using photon-jet balancing

Particle Jet Corrections from Simulated events (2-3 slides)
Checking Energy Scale using photon-jet balancing
Particle Jet-to-Parton Jet Corrections

e

*

33

*

e

%
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*

Improving jet energy resolution using tracks
Cross check using W=21j in top jets

e

®e
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Jet Calibration

A calorimeter/particle jet is defined by an
algorithm and parameters.

“calprimeter

« Jet kinematics and corrections depend on
the reconstruction algorithm and parameters.

“particle jet”

Calorimeter jets

!

Particle-level jets

pw ‘L

Parent Parton

Reconstruction

“parton jet”
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Calorimeter Jets to Particle Jet to Parent Parton

Multi-step approach to 1solate various detector and physics issues.

4

L)

)

» ¢ uniformity (best done at tower level discussed by Olga/Mayda)

4

L)

» n uniformity (parton radiation, transverse shower size)

)

= Dijet Balancing
=  Photon Jet Balancing

» Absolute Scale for Calorimeter Response

L)

=  Simulation based corrections

= Data based corrections from Photon-jet events

L0

¢ Parent Parton energy (correct for any radiation outside the clustering cone)

4

» Validation of jet energy scale using
= Z+Jet events
=  W=>dijet in top quark events (not discussed.)

L)

December 14, 2006 Anwar Bhatti CMS Jet workshop 4




Structure of Jets
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Distance of particles from Jet axis(n, ¢ space) |njet|<1.0
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As the Pt increases the jet
becomes narrower.




Jet Energy Fraction
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Flavor Composition of a Jet

| PtGenlet 30-50 Gev

Particle ID Pa.rtlc.:le.: RMS PtFraction RMS
Multiplicity
Photon 8.5 3.9 24.8% 15.9%
Neutron/KL 1.3 0.8 7.9% 11.1%
Muon/v 0.5 0.1 0.3% 0.3%
Charged 10.0 3.4 67.9% 17.4%
Hadrons

Large fluctuation between Em <=> Hadronic components combined
with calorimeter shower fluctuations makes determintion of jet
energy scale difficult.




Single Particle Response to Jet Response

Pt spectrum of Particles
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DiJet Balancing

/

** Purpose:
Make the detector jet response uniform vs pseudo-rapidity.
¢ Advantage:

= Jet absolute calibration will need to be done only in a limited region in 1.
=  Cross check of the simulated data.

* Issues:

= Only true in 2->2 scattering, Pt1=Pt2 at parton level.

=  Final/initial state radiation spoil the exact balance but the effect should
average out.

® Reduce ISR/FSR effects: Ap> 172 deg, Ptlet 3< 20
=  May not be true at particle-level (n dependence in OOC radiation?)

=  Pile-up and underlying event (Low Pt, probably the Pt distribution is
uniform in n but calorimeter cares about energy, different point on E/p
curve.)

=  Noise contribution (Different in different regions of calorimeter)
=  Different resolution/smearing in different regions of calorimeter.

% Needs a detailed study but these effects ~2-3%.

4

L/

L)

)
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DiJet Response

| Dijet Balance Response 120 < Dijet Pt < 170 |
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Dijet Balance Based Jet Correction

| Missing ET Projection Fraction versus ETA (50< DiJet PT < 80 ) @® UnCorrected
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Dijet Balance Response & PhotonJet Response

[ Photon Jet Response vs Ela 80 < PhotonJel Pt < 120 GeV |
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Similar structure seen in both dijet and photon-jet events.

December 14, 2006 Anwar Bhatti CMS Jet workshop

13



Calorimeter Jet to Particle Jet Corrections

/

*¢ The particle jet 1s independent of CMS detector and pile-up
energy.

\/

*» Starting from particle jet, we find the matching calorimeter
jet within R<0.25, histogram the ratio PtCaloJet/PtParticleJet
for various ranges of ParticleJet Pt and eta and determine
the most probable value PtCalo Jet by iteratively fitting a
gausian within a limited range (£16?) around the mean.
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Jet Response in CSAQ06 Data Sets

Tune the calorimeter simulation to test beam measurements,

Generate jets using (Pythia) fragmentation model,

Compared calorimeter jet with Particle jet=®» Determine jet corrections
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Calorimeter-Jet to Particle-Jet Corrections

Initial corrections will be based on simulation.

PtCalorJet/PtParticlelet

0.9; ]
< Initial software to determine the jet ¢ Lo ane ] E
response by Anwar (Rockefeller). E L e el e
0.7 [ ’ R ot T
% Fitting/parameterization Sergei e '
Petrushanko (MSU). P e e e T
<» Maintenance by Selda/Duong O3yt ""'M#I e : :T
. . I PR R L JEPSIC YR » |
Nguyen Brown University. 0-4%' s W iE
- ol Tleala’ s 3
0.3 . T’,ﬁ A ]
- tel o ’
0-2"-L"'-'z"'c',""""'fjt
m of Je
More details in Robert Harris’s talk.
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Quark and Gluon Jets

[ GluonJetResponsePt35Etal4 |

0.07E =
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CMS-2006/042 Konoplianikov et al.
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Absolute Energy Scale using Photon-Jet balancing

/

** Decouple the jet energy scale between data and MC events.
(A short cut: Simulation need not reproduce the data exactly.)

¢ Determine particle jet or parent parton energy.
\/

** Issues

= ISR and non-linearity in the calorimeter.
= Difference in gluon/quark jets.

=  Dijet background (fake photons).

/

*¢ Photon-jet balancing Techniques:

=  Missing Et Projection Method: Use whole event, determine

particle-level jet correction, less sensitive to radiation in the event
(used by DO).

=  Pt-balance Method: Parent parton energy, less sensitive to low
energy calorimeter response. Used by CDF as a cross check. At
particle level balance is not 0.

December 14, 2006 Anwar Bhatti CMS Jet workshop 18



Absolute Energy Scale from Data

Photon-Jet Balancing

Particle Level Detector Level
R

! LY (tag)

hadronic )

] jet (probe)
fﬁr,; + ﬁl"}md =0 f’r,,v +Rhmff’r,;md = _Er

ET ' Pr.
Ry, =1+—— i
p]"__;f
Forback -to-back events : R, =~ R, ,
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Absolute Energy calibration using photon-jet events

The predicted values

of the calibration coefficients
kjet = Etjetrecol ETg/

and the true values:

k- true: E I’ECO/E

o:-'d:::lae'::ﬂﬂ"" jet Tjet Tparton

" cn e for different samples (q,9,QCD)

CMS 2006/042 Konoplianikov et al.

150 200
E_Ipamon {GeV)
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Photon-Jet Balancing
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Particle Jet to Parent Parton
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People

4

»  Dijet balancing : Anwar (Rockefeller U.) Robert Harris (Fermilab), Vergili
Mehmet (Cukurova).

» Simulation based Calorimeter Jet = Particle Jet corrections Anwar, Robert,
Sergei Petrushanko (Moscow State), Selda Esen (Brown), Duong (Brown),

»  Energy scale using Photon-Jet Balancing: Olga, Chochen Cammin (Rochester),
Anwar, MSU ...) need a few more people

Particle Jet—>Parent parton corrections (Anwar, Robert, Selda, Duong, Sergie)
b-tagged jets ?
Cross checks using Z+jet studies, stability

L)

L0

&

L)

L)

Cross check using W-2jj

Noise/pile up, magnetic field effect corrections
Calorimeter stability using muons

Simulation from test beam and single isolate tracks
Measurement of material in front of calorimeter
Underlying event/pile up, measurement and simulation

J K/ J / J J J J J K/
0.0 000 0.0 000 0.0 000 0.0 000 0.0 000

Jet fragmentation/track reconstruction efficiency inside a jet
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Conclusions

\/
0’0

L)

)

Ultimately all physics analysis require a very good simulation of
detector.

A very good simulation of electromagnetic calorimeter and material in
front of calorimeter is pre-requisite for an accurate jet energy scale
determination.

Determination of jet energy scale is a tedious, boring but very important
job which requires work on various effects including study of material
in front of calorimeter, track reconstruction efficiency, calorimeter
response to single particles (electrons and hadrons) calorimeter
simulation, jet fragmentation, tracking efficiency, photon-isolation,
noise, Z+jet, top mass reconstruction.

A lot of work has been done been done but we must get ready for real
data taking conditions and design a system to validate the simulation
and jet energy scale at various levels.
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Backup
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Missing Pt Projection Fraction (MPF)

—

S probe
ET ' PT

(PT probe n PT barrel ) / o

probe .
Response(MPF) = R 2-<MPF>

p.m 24 < MPF >

MPF = ~MPF=B

4

)

L)

» Less sensitive to radiation (physics modeling) in the event.

4

L)

* Depends on MET which 1s evaluated using whole detector.

L)

4

o,

» Need to understand whole calorimete before this method can
be used.

L)

4

L)

* More sensitive to calorimeter response to low energy particles

L)

4

)

» More sensitive to detector noise.

L)
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<Number of Particles>

Multiplicity as a function of GenJetPt
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Particle Composition 1n a jet
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Pt Distribution by Flavor
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PhotonlJet Response
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Photon Jet Response
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Jet scale compared to Photon(Ecal) scale
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Pseudo-rapidity of the Jet
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Need to study biases in photon-jet balancing

December 14, 2006

Anwar Bhatti CMS Jet workshop

30



	Jet Energy Scale Calibration
	Outline
	Jet Calibration
	Calorimeter Jets to Particle Jet to Parent Parton
	Structure of  Jets
	Jet Energy Fraction
	Flavor Composition of a Jet
	Single Particle Response to Jet Response
	DiJet Balancing
	DiJet Response
	Dijet Balance Based Jet Correction
	Dijet Balance Response & PhotonJet Response
	Calorimeter Jet to Particle Jet Corrections
	Jet Response in CSA06 Data Sets
	Calorimeter-Jet to Particle-Jet Corrections
	Quark and Gluon Jets
	Absolute Energy Scale using Photon-Jet balancing
	Photon-Jet Balancing
	Photon-Jet Balancing
	Particle Jet to Parent Parton
	People
	Conclusions
	Missing Pt Projection Fraction (MPF)
	Multiplicity as a function of GenJetPt
	Particle Composition in a jet
	Pt Distribution by Flavor
	PhotonJet Response

