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Introduction

The Jet Energy Scale Task Force has plans 
for jet energy corrections at CMS

We have a 1st rough draft of a CMS note.
24 pages discussing our strategy and plans
This talk will outline the contents of the note

Corrections will be found from collision data 
or from MC tuned on collision & TB data

We have begun to develop the corrections.
Using the MC to simulate the techniques.

For now we have MC Jet corrections.
Available in CMSSW for each major dataset

CSA06, CMSSW_1_2_0, Spring07.
Will be available for CSA07 samples as well.

For CMSSW_1_5_2 samples soon.
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Plan: the jet corrections will be factorized
Correcting for each factor in a fixed sequence up to a level chosen by the user.

Factorization allows a deeper understanding of the jet energy scale and its 
systematic uncertainty.

Each factor and its error can be separately determined and refined.
Most of the factors can be measured from collision data, e.g.

L1: pile-up and effects of thresholds found in min-bias and zero-bias events.
L2: jet response vs. η relative to barrel found using dijet balance, etc.
L3: jet response vs. PT found in barrel using γ/Z + jets, top, etc.

We understand the whole correction by measuring each piece.

Each factor is a residual correction. 
This facilitates progress & collaboration through the use of standard tools.
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Level 1: Offset Correction
(Olga Kodolova and Rick Cavanaugh)

Corrects for
Pile-up

Subtract the pile-up energy in the jet cone.
Zero Suppression

Add back the real jet energy lost due to calorimeter thresholds that suppress noise.

Pile-Up
Plan: determine energy in jet from zero-bias/min-bias samples

Measure the energy in a jet area perpendicular to hard scatter in MC and data.
Also “ghost particle” techniques built into the fast KT and seedless cone algorithms.
Expect  ~2.5 GeV / jet for low lum, 10 GeV per jet for high lum, for cone size R=0.5

Zero Suppression (ZS)
Significant loss of jet energy due to calorimeter cell and tower thresholds (ZS)

4 GeV lost for 20 GeV GenJet,  10 GeV lost for a 100 GeV GenJet.
Depends on PT and η, and the fragmentation of a jet into soft particles.

Plan: determine energy change by special runs w/o Zero Suppression.
Measure difference in jet energies w and w/o zero suppression in pedestal sub-
tracted calorimeter data.  
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Level 2: Response versus η
(A .Bhatti, D. Elvira, R. Harris, K. Kousouris )

Response of jets relative to the control region (|η|<1.3)
5-10% variations in the barrel, increasing to 60% at high η & low PT !

Plan: understand response vs η and form level 2 correction in stages
1. MC truth measure of response will be used on day 1 (next slide)
2. Dijet Balance can be used to measure response in data (following slide)

The correction can then come directly from data, independent of MC if needed
3. MPF method can be developed in parallel.

HB HE HFHB HE HFHB HE HF
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Level 2: Corrected Response vs. η
(Kostas Kousouris)

Factorized correction (Level 2 & 3) flattens the jet response vs. η
Factorized correction gives same corrected response as MC Jet on average.
Reduces scatter in η compared to MC jet correction which used coarser η bins.

Sets up machinery to replace MC truth correction with Dijet Balance data.

FACTORIZED

MC JET

RAW
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Level 2: Response Measured with Dijet Balance 
(Kostas Kousouris)

Dijet balance uses in-situ data to measure response and corrections vs. η

Dijet balance shows good agreement with MC truth
Bias in method is small (2-3%) and insensitive to QCD spectrum
Plan: use dijet balance technique early in CMS running

Test calibration of Barrel, Endcap & Forward and get Level 2 jet corrections.

Barrel Jet
(|η|<1.3)

Probe Jet
(Any η)Response from

PT
Probe =  PT

Barrel
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Level 3: Absolute Correction vs. pT
(A. Bhatti, B. Hirosky, K. Kousouris)

Flattens the absolute jet response of calorimeter vs. pT
Corrects energy of jet back to the particle level in control region (|η|<1.3)

Plan: 
Determined first with MC tuned on test beam (MC shown above).
γ / Z + jet balance will be used to measure jet response in data.
W mass from top, and top mass will be used later for calibration & closure.
These and other calibrations will be used to tune MC for ultimate precision.
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Level 3: MC for absolute corrections
(A. Bhatti, H. Topakli)

On day one we will have only the MC and Test Beam data.
We will do our best job to tune the MC to agree with TB pion data 
We hope to be able to reproduce TB pion response with high accuracy

Initial studies are encouraging, indicating that we should be able to tune to ~2-3%.
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Level 3: PT Response from γ + Jet Balance
(A. Bhatti, J. Cammin)

After roughly 1 month we should have large γ + jet samples.

γ + Jet PT balance and MPF provide jet calibration with high statistics at high PT.
Wide PT range and well understood photon PT.

Challenges will be at lowest photon PT.
Large background in data from isolated π0 + jet events (not simulated below).
γ + jet gives a calibration for a quark dominated mixture of quarks and gluons

Similar response as QCD q+g mixture at high PT, but higher response at low PT (plot below).
Need to use MC to convert γ + jet calibration to the standard QCD q+g mixture.

Also, need to convert parton level calibration to particle level using MC (done roughly below)

QCD Jet MC

γ + Jet
Balance:

1_2_0
1_5_2

Photon + Jet Balance QCD Jet MC

γRespone from
PT

JET = PT
γ

Jets
from 

gluons
(mainly)
& quarks

Jet more often
from quark

for PT>50 GeV
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Level 3: PT response from top quark decays
(J. D’hondt, P. Van Mulders)

After roughly 1 year we should have large top samples
Very precise calibrations of quark jets

Over a very important range of PT: 30 < PT < 120 GeV
This calibration can be converted to generic QCD q+g mix using MC

Combined with data-driven PT calibration from γ+jet events.

After MCJet calibration

Overcorrects for light 
quarks: need flavor 
and parton correction !

~5/fb

shifted
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Level 2 & Level 3: Progress in Factorization
(Kostas Kousouris)

Factorized MC truth based correction being developed
Challenge to parameterize large & complex variations smoothly in both η & PT

Currently using both splines in η and logarithmic parameterizations in PT.
Visible improvement compared to old η binned MC jet correction. 

Not done yet. L2 & L3 factorized correction still needs another month or so of work.

OLD: η binned
NEW: smoother
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Level 4: EMF Dependent Correction
(S. Esen, B. Hirosky, G. Landsberg)

Jet response depends on Ecal energy fraction (EMF) of Jet
As much as 20% effect at low jet PT and there is both η and PT dependence (next slide).

Applying EMF dependent (3D) corrections on top of MC jet improves jet resolution.

Plan
MC truth based correction on top of L2 & L3 could be available soon.
Data-driven correction can be derived from  γ/Z + jet balance when data is available.

CMSSW_1_3_1

Jet Resolution

After
EMF Corr.

EMF Dependence of Response
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Level 4: EMF Dependent Correction Studies
(Selda Esen)

Response vs. EMF depends on PT and η (shown below) 
Correction is largest in barrel, smaller in endcap, and virtually zero in forward.

Correction on top of MC Jet Corr and is a 3D parameterization of EMF, PT and η.
Improved resolution demonstrates success of factorization despite PT and η dependence
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Level 5: Jet Flavor Correction
(J. Cammin, A. Nikitenko )

Optional correction for jet flavor at particle jet level.
liqht q, c, b, gluon, τ
gluon and c, b quark jets all have lower response than light quark jets.

Plan
MC truth based residual corrections for day one (early study above).

Corrections for tagged objects are planned: e.g. b-jets from a specific b-tagger.
Data driven corrections from a wide variety of samples being considered.

Light q and b from top.  b from γ+jet (b-tagged).  b from bbZ with Z ll. Many more.

QCD dijet events
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Level 6 & 7: Underlying Event and Parton Correction

Level 6: Optional correction for underlying event  (O. Kodolova)
Removes luminosity independent energy in jet from spectator parton
interactions
Small effect (compared to pileup) and not much effort in this area so far.
Plan

Measure in low luminosity data and MC using same techniques as for pile-up.

Level 7: Optional correction to the parton level 
Replace energy lost “outside” the jet algorithm due to final state radiation, etc.

Converts GenJet energy to parton energy. 
Not much effort in this model dependent correction so far.
Correction needed to convert many data-driven calibrations to particle level.

Calibrated energy is often at the parton level: W qq, γ + q, etc.
Plan

Get correction from MC truth for various parton flavors.
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Closure Tests and Role of the MC
(A. Bhatti, D. Elvira, J. D’Hondt)

Closure Tests
Insure that corrections work and cross check calibration techniques
Many examples

MC Truth: check corrected jets are equal to particle level jets.
Data: W mass in top sample comes out at 80 GeV.
PT balance: both at object level & event level (hemisphere method).

Role of the Monte Carlo and accuracy of JES
On day one we will have the MC only. 

Uncertainties in JES ~10% when we turn on.
Collision data will allow data-driven calibrations that may not need MC.

Uncertainties in JES ~5% from a variety of samples after ~1 year.
The smallest uncertainties will only be achieved via a precise MC

Tune on the various calibration samples we have discussed.
Uncertainties in JES ~1% are achievable

Tevatron experiments  are just now reaching this level after 20 years!
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Conclusions
We have a plan for a factorized jet energy correction

We have made progress on most of the factors.
We have initial estimates of the Level 1 (offset) corrections.
Level 2 (η) and Level 3 (PT) MC truth corrections should be done soon.
Level 4 (EMF) MC truth correction is also close to completion.
We have initial estimates of the level 5 (Flavor) corrections.
Level 6 (UE) and Level 7 (Parton) corrections need some attention.

The MC jet correction continues to be produced for each CMS MC dataset.

We are beginning to understand how to get corrections from collision data.
We’ve shown dijet balance can be used for the level 2 (η) correction.
Work has begun on the Level 3 (PT) correction using γ+jet and top.
We have a long list of other methods to start work on.

Completing this work will give us a better understanding of our systematics.

We hope to release the draft note of our plans relatively soon.
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