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Abstract

The dijet transverse momentum balancing method is employed to measure the jet
energy response variation in CMS as a function of pseudorapidity in the pr range
20 — 500GeV. The measurement is performed using data from pp collisions at
Vs = 7TeV, corresponding to an integrated luminosity of 3pb~'. Three different
jet reconstruction techniques are examined: calorimeter jets, particle flow jets and jet-
plus-track jets, all energy corrected to the particle level using the Monte Carlo truth
jet energy calibration. The relative response measured from the data is compared to
the simulation predictions. Good agreement is observed in the region |17| < 1.5 while
a deviation up to 10% is found in the Endcap and Forward regions for all jet types.
A residual calibration is derived to compensate for the observed difference between
data and simulation and the corresponding uncertainty is estimated.
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Abstract

The determination of the jet energy calibration in CMS is presented. In-situ measure-
ments are performed using 3 pb™" of proton-proton collisions at 7 TeV center of mass
energy. The transverse momentum balancing in dijet and photon+jet events is used
to measure the relative and absolute jet energy response in the CMS detector. Obser-
vations in data are compared to Monte Carlo expectations and the systematic uncer-
tainties related to the calibration scheme are discussed. The results are presented for
three different approaches to reconstruct jets in the CMS detector: calorimeter-based
jet reconstruction; the “Jet-Plus-Track” algorithm, which improves the measurement
of calorimeter jets by exploiting the associated tracks; the “Particle Flow” method,
which attempts to reconstruct individually each particle in the event, prior to the jet
clustering, based on information from all relevant sub-detectors.
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Abstract

The data-based jet energy corrections use the missing-E7 projection fraction method with particle flow
missing-Ep in photon+jet events to establish the absolute jet energy scale for particle flow jets in the
barrel region. The measured scale is transformed to the QCD sample flavor mixture using Pythia D6T
Monte Carlo generator with CMS detector simulation and then transfered to other jet reconstruction
types (calorimeter, jet-plus-tracks) using direct jet matching in dijet data. The data-based corrections
are provided as small residual scale factors on top of MC truth jet corrections. By default the jets are
reconstructed using the anti-k7 algorithm with cone size 0.5, but correction factors for other jet types
are obtained with MC simulation. We discuss the systematic uncertainties related to this calibration
scheme, as well as a number of important cross-checks with alternative methods and cut variations.
Future improvements and additions are also discussed.
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Introduction #
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4 The energy calibration
is the biggest challenge in

the measurement of jets
) jets are composite objects
whose composition varies
) jets are composed
primarily of hadrons and
these interact with matter in
a complicated way

4 The jet energy scale
uncertainty is the
dominant systematic in
many Physics analyses
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Calibration Strategy #

1

4 The jet energy calibration corrects on average
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l the energy of a reconstructed jet to the particle
level.
+ D the correction factor is N and pt dependent and
multiplies all the components of the jet 4-vector
4 Through the commissioning period, the CMS
simulation has been proven very successful: the jet
calibration starts from the MC truth |EC.
4 Small residual correction is applied on top of MC
truth, based on in-situ measurements
» relative JES from dijet pt balance
» absolute JES from Y+jet pt balance

C(%FT) — Cabs ' Cres (77) ' CMC’(napT)
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CMS , .
// Technical Details

4 Data samples:
» /MinimumBias/Commissioning|0-Junl4thReReco vI/RECO
» /MinimumBias/Commissioning|0-SD_JetMET Tau-JunthSkim_vI/RECO
» /JetMET Tau/Run2010A-Jun14thReReco-v2/RECO
» /JetMET Tau/Run2010A-Jul | 6thReReco-vI/RECO
» /JetMET Tau/Run2010A-PromptReco-v4/RECO
» /JetMET/Run2010A-PromptReco-v4/RECO
» /EG/Run2010A-PromptReco-v4/RECO
4 MC samples:
» /MinBias/Spring| 0-START3X V26 S09-vI/GEN-SIM-RECO
» /Photonjet Pt*to™/Summer|0-START36 V9 S09-vI/GEN-SIM-RECO
»/QCD_Pt*/Spring|0-START3X V26 S09-vI/GEN-SIM-RECO
»/QCDDijet_Pt*to™®/Spring| 0-START3X V26 S09-vI/GEN-SIM-RECO
4 Integrated luminosity:
»~3pb-!
4 Jet reconstruction:
» anti-kt, R=0.5 (Calo, |PT, PF)
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CMS -

The Monte Carlo Truth Component
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CMs -

MC Truth JEC Factors 4
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4 The MC Truth JEC is derived from the Spring|0 MC samples

4 Spatial matching of reconstructed jets to generated jets in the 1, ¢ plane
» AR(gen,reco) < 0.25

4 Measurement of the response: pre<©/pr8e"

4 Two step approach

» L2Relative: makes the response uniform in n
» L3Absolute: makes the response uniform in pt and equal to unity

4 The different jet types require vastly different calibration
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- MC Truth Closure (Calo)
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4 The MC truth closure measures the consistency of the JEC by applying it
to same jets used for its derivation
4 Measurement of the corrected response: p1<°"/pr8e"
4 The corrected response is consistent with unity to within 2%
» small deviations from unity are due to the imperfections of the various
fits involved in the derivation
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CMS -

Relative Jet Energy Scale
(response uniformity in n)
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Barrel Jet

The Dijet pt Balance Method: Overview

St
E:3

Pr

Run : 138919
e | Event : 32253996
w. * \|Dijet Mass : 2.130 TeV

- Jet 1 p.: 585 GeV

Jet2p:557Gev.

_

4 probe ba,r’rel\
dijet _Pp T Dr
barrel pT o )
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........................ Py
dijet
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4 the dijet pr balance measures the relative jet energy
response of jets at arbitrary N (probe jets) with respect

to the barrel region |n|<I.

3 (barrel jets)

4 the quantity r is the least biased estimator of the
relative response when using bins of prdiet
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> The Dijet pt Balance Method: Selection #
o K10 S —
I 5 S
. 90 < dijet p_ < 120 GeV-
waozs | 4 Event Selection
. » DijetAveXX triggers
" » good primary vertex
p at least two reconstructed jets
|  at least one of the leading jets in |n|<I.3
0 o2 '0-4'3'“;01-&' p'TI,Ogi}et pT1 p jets “back-to-back” in azimuth: A > 2.7
T » small 3rd jet activity: priet®/prdiet < 0.2
§  [o<oietp <2068V || [Joorecus » reasonable balance: [B|<I.7
T oo sz ) Laeas 1 4 Jat Selection

» anti-kt, R=0.5 Calo, JPT, PF
» loose jet ID
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P The Resolution Bias =1=
We—— 28
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4 the resolution bias is inherent in the | Dijet pt Balance -
dijet balance methOd O 6_ IR R R R R R R R A R A R A R A A I A |
4 it is caused by the steeply falling jet O 1 2 3 4 | |5
1M

pt spectrum and the different resolution

of the barrel jet and probe jet
4 major source of systematic
uncertainty

Even with perfect calibration, the dijet pr balance,
will measure higher response in the direction of

the jet with the worse resoluti
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CMS.

Relative Response (Calo)

—

4 relative response of MC truth corrected jets
p ideally, the MC relative response should be unity
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 to first approximation, the deviation of MC from unity is the resolution bias

» the resolution bias is more pronounced at low dijet pt and higher n

(maximal resolution difference between barrel and probe jets)
4 the disagreement between data and MC is the scale difference that needs to
be corrected (not greater than 10%)
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p. elative Response (JPT)
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4 the resolution bias effect is much weaker for |PT jets than Calojets
» the JPT barrel jets have much better resolution = similar to the resolution

of the probe jets

4 the disagreement between data and MC is similar to Calojets
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Relative Response (PF)
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4 the resolution bias effect is much weaker for PF jets than Calojets
» the PF barrel jets have much better resolution = similar to the resolution of

the probe jets
4 the disagreement between data and MC is similar to Calojets
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CMS -

Residual Relative Correction: Derivation

4 residual correction: makes the data look like the MC (assumes
that the resolution bias predicted by the MC holds for the data too)
4 in each |n| bin the correction is averaged over pr for the nominal’
working point and then extrapolated to the zero third jet pr
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Residual Relative Correction ==

N # in most |n| bins the data/MC difference is

11 IS N Y N Y B B B Constant VS PT
| CMS Preliminary  —— Calorimeter jets | » in those cases where there is a p1 slope, it is
i - Jet-Plus-Track jets 1 treated as a systematic uncertainty
- \s=7TeV .. Particle Flow jets . . .
1.05~  antik, R=05 - 4 the residual correction varies between 0.92 and
I ] .03

4 the largest correction is observed in the Endcap
_________ : poeeene (similar between the jet types)
e T » consistent with the single particle response

| i measurements
4 differences observed between jet types in the
Forward (naive statement: all jets in HF should look

0.95

Residual Jet Energy Correction

alike)
oL v L Lo Lo b » calibration of PF candidates in HF
| 1 2 3 4 h’lf » MC truth closure for JPT in HF is ~2% off

» here we measure the RELATIVE response

with respect to the Barrel (Calojets in HF are
corrected DOWN while PF and JPT are

Crel (77) corrected UP)

PAS
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G . : : T L,
—~ + Residual Relative Correction: Uncertainties =1=
o — 1 4 Simulation
[ ] Total ak5calol2I3 . .
- Resolution Blas pachier » resolution modeling
] —;SF: . | - studied the sensitivity to 10% (20%,25%) worse
10l o _ resolution in Barrel (Endcap, Forward)

i : » jet pT spectrum
- studied the sensitivity to +10% slope change

4 Data

) statistics
- standard deviation of data points around the
constant fit (larger than the fit error)

Fractional Uncertainty [%]
.01

] 1 1 1 I | | | | 1= =-r
10 20 30 100 20 > pr dependence

Jet P, (GeV) - difference between log-linear and constant fits

c 14r taken as systematic
§ o ) trigger
s - - 100% efficiency in the selected bins
g 7 » pile-up
o : - no effect observed
— M » extrapolation to zero 3rd jet
08—l - error of the extrapolation line

Jet P, (GeV)
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CMS . . . . #
~ Residual Relative Correction Uncertainty e
4 N\ A
10— 7 7 1 00771 71
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8- p<boGev - Bl <30 cev -

| —— Calorimeter jets ]
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- —=— Particle Flow jets ]

| —— Calorimeter jets ]
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- —=— Particle Flow jets ]
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21 : 2 s
O | | | [ I O | | |
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4 uncertainty typically rises in outer |n|
 larger resolution bias and worse statistics
4 measurement mostly statistically limited
4 differences between jet types due to statistics and pr slope
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CMS

Applying the Residual Correction
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4 up to 10% higher response in data is observed (mainly in the Endcap)
4 the residual correction restores the data/MC agreement to unity

within uncertainties
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CMS -

Absolute Jet Energy Scale
(restoration of the pt scale in |n|<I.3)
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Gs,

Absolute Energy Scale: Overview #

4 The absolute jet energy scale is measured in the Barrel
(In|<1.3) using photon+jet events
» the relative energy correction that has preceded ensures that the
response in uniform vs N: it suffices to measure the absolute
response in the Barrel
4 The goal of the measurement is to verify that the
simulated absolute scale agrees with the data
4 Two methods employed
» missing Et projection fraction (MPF): main method
» photon+jet pt balance: auxiliary method, used for cross-checks
4 The MPF method is ideal for PF)ets
» the measurement is performed primarily with PFjets and then
“transferred” to the other jet types by direct jet-by-jet matching
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Photon+|et pt Balance: Selection #

4 )
4 Event Selection
2010 CEST Photon . )
pr =76.1 GeV/c » Single photon triggers
S o » good primary vertex

» photon with pt > |15 GeV and |n|<I.3
» standard photon isolation and ID
* » recoiling jet in |n|<I1.3
» photon-jet “back-to-back” in azimuth:
A > 2.7
» small 2nd jet activity: prie%/pTY < 0.2
» second jet outside the AR > 0.25
cone around the photon
4 Jet Selection
» anti-kt, R=0.5 Calo, JPT, PF
» loose jet ID

Anti-kr 0.5 PFJet

pt =72.0 GeV/c
n=0.0
@=-1.2rad

_
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X L, .
The MPF Method ==

Leading jet 'pT,7 + PP recoil =0 '

— — miss
Rva,'y + RrecoilpT,recoil — E

Out-of -
Second cone R . E_’mz’ss =
R L recotl 1 4 PT,~
Y (pT,v)
. L) Ryecoil = Rleadjet (1 -+ ARfr'ecoil ) ﬁT,recoil)

Unclustered Beam

energy .

4 no real missing E1: balances the photon
with the full recoil

lejc:;rlg'r: 2? Soft jet(s) » the MPF response is interpreted as the
outside jet) photon leading jet response if the different parts of
+ offset the topology have similar response (ideally

suited to PFets)
4 generally less sensitive to systematics than
the classical pr balance for PFJets
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CMS,

Absolute Response

.. ——y ‘

4 )

. @ 1_1_ T T T T T T 1 ]
4 different methods compared to the 2 (oo CMS Preliminary 2010 :
. . g N _ _ -1 =
true response in pure photon+jet g J; \S=7TeV, L=29pb 5
- I g
- , A N
sample o 05— ; 2 1 & |
» large bias in the pt balance method ook | z 'Al' E
.. : e N E
due to the presence of additional jet osst. | 4 .
(corrected by extrapolation to : !
O H nl<1.3 —
PTznd — O) 0.75 E_ B y+Jet Balancing _E
. . . T Jet Extrapolation | J
4 remaining bias at pt < 30 GeV b R
between MPF and Truth 0.651 r+Jet MPF (MC) | ]
. . "L Anti-k. 0.5 PFJets —— True Response ]
» probably due to jets and particles o6 E
] 20 30 40 50 60 100 200
out of detector acceptance Photon p_[GeV/c]

» expect reasonable modeling by MC PAS

—
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CMS.

4 Data seem to have more secondary
jets close to the leading jet (final state
radiation) than MC
» appears as slope in the
extrapolation: the harder the cut the
better the data/MC agreement
» corrected by extrapolation to
PTan_;O
» no ptY¥ dependence
4 Both the MPF and the pr balance
methods agree very well between data/
MC after the extrapolation

Secondary |ets #

4 )

CMS preliminary, 2.9 pb’ \'s =7 TeV

O _I L | L | L | | | L | | | L | L
=1.04 pYT>30 GeV —
c\U i -~ MPF i
-'(3'1 02 = P_ balance ~
) j
1; I 4 E
0.98- | .
0.961- .
0.94F .
0.92F .
_  anti-kT 0.5 PF j
O 9 _I L1 1 | L1 1 1 | L1 1 1 | I | | L1 1 1 | L1 1 1 | L1 1 I\l L1 1 I_

0 0.05 0.1 0.15 0.2 0.25 0.3 0.35 0.4
v

PAS PP
—

JME-10-010 Approval Presentation Konstantinos Kousouris 28




CMS.

= Absolute Response: Final Comparison #

P
o . 1CMSI preliminary, 2.9 plb'1l _ l\@:?TeV
S - MC scaled for FSR and QCD bkg -
~1.08 —m— —
4 After correcting to pt2"d—0, the S 085 . :,,T,,:alance :
MPF and pt balance measurements are 01'06;_ - 2/ NDF =14.2 /12 -
consistent, with no statistically 1.041 .
significant slope vs pt 1 ook l |-
4 After a combined fit of the two set T R E
of points (largely un-correlated) we get L R e e =
Data/MC = 0.99310.004(stat) oosl | ¥ A
10.026(syst) at pr = 50 GeV - :
+A smzfll);bsllutz residual of 0.7% e TR &

needs to be applied to the data 20 30 4050 100 = 200
p! (GeV)
PAS T
—
Caps = 1.007
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Absolute Scale: Uncertainty Sources

| —
Z'-t = ]

4 MPF method
» secondary jets
» flavor mapping
) parton correction
» QCD background
» proton fragments
4 photon energy scale
4 extrapolation to high-pr
» single particle response
» fragmentation modeling
4 offset due to noise and pile-up
4 residuals
» MCtruth closure
» jet-by-jet-matching
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CMS, .
MPF Uncertainties: QCD Background
4 QCD background: TIO—=yy %1.12 « Data pIT _I . D;t; |IV|||:|: |
> a leading jet fragments intoa hard S 147 MC pT (mixed)-s- MC MPF (mixed)

~o- MC pT (pure) -+ MC MPF (pure)
— pure / mixed - pure / mixed

isolated TT° which carries a fraction of £1 .08
the initial parton energy c 106

4 sensitivity checked by loosening the -_31 04 :
photon ID cuts 2 1 0o

» increase QCD background 3 e, =
4 MPF insensitive to the QCD Z -

0 0.98
—

background
» in the MPF method all is needed is the 9-96 KT 0.5 PE. X=20%. 23/0b

. . . anti- . y A= oo, .
recoil balancing a well measured objects 0-94 ST AR

4 p1 balance sensitive to the QCD 20 30 40 50 100

background P (
» the balance is directly spoiled
4 both methods modeled well in the MC

Q)
O
S
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CMS.

S

4 the MPF measures the response to theS1 25

parton level
4 MC correction to the particle level
4 MC uncertainty

» underlying event (UE)

» out-of-cone (OOC)

4 check the sensitivity of the MPF
measurement with wider jets (R=0.7)
» the assumed parton correction
uncertainty is conservative, when
compared to the MPF sensitivity

Anti-kT 0.7 / Anti-kT

1.2

—
—
(@) |

—h
—h

MPF Uncertainties: Parton Correction

——

_B_
L ——

III|IIIIJ,'IIII|II

I|IIIIF

Data pT —— Data MPF
MC pT (pure) -=— MC MPF (pure)

MC pT (mixed) «+— MC MPF (mixed)
— AK7/AKS5 truth

anti-kT 0.5 PF, X=1b%, 2.4/pb

20

30 40 50 100

hit
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CMS.

MPF Uncertainties: Summary

hit

5 _CMS preliminary, 2.9 pb’ \s=7TeV
— B I I I T T I| I I I T T I|
I — Total MPF :
>4-5§ — Flavor mapping
_ S 4k ---Parton correction 3
4 flavor response mapping from the @ " .- QCD background -
quark-rich photon+jet sample to the ~ @3~ Second jet E
. N 2 30 — Proton fragments -
gluon-rich QCD dijet sample 5 °k :
» no constrain from data LL2.5F Anti-k; 0.5 & 0.7 PF —
» uncertainty = 50% of the mapping = 2 E
4 parton correction 1.5 -
4 QCD backround 1 E
4 secondary jets 0.5 =
» 50% of the extrapolation 0 Y B S
20 30 100 20 10002000

p_ (GeV)

JME-10-010 Approval Presentation Konstantinos Kousouris 33




CMS,

.. ——y ‘

Jet-by-Jet Matching

St
E:3

1.1

Jet)

L= 1.08)

/P

Calode

O1.02f

ata/ M

0.96

CMS preliminary, 3 pb’
T T T T T T T ‘

+=1.06}

1.04f

1

N0.98¢

\s=7TeV

- -+ Direct match nl<1.3

— - Tag-and-probe anti-k; R =0.5 {

200

L1 1 ‘ | | |
100
PFJet P, (GeV)

’ 1CMS preliminary, 3 pb” \s =7 TeV

:\ . B T T T T T T T ‘ T T T T T ]
9 - -+ Direct match nl <1.3 .
LL1.08~ - Tag-and-probe anti-k;, R=0.5

B 1 1 1 1 1 111 ‘ 1 1 1 1
20 30 100 _ 200
PFJet P, (GeV)

’ 1CMS preliminary, 3 pb’ \s=7TeV
c . [ T T T T T T T ‘ T T T T T ]
9 - -- Direct match nl <1.3 .
E1 .08~ - Tag-and-probe anti-k, R=0.5
=

~1.06 -

a/MC _(Calgdet
=
—_ N

Dat
_O
©
o

0.96

l

20 30 100 _200
PFJetp_(GeV)

4 the MPF method is used to estimate the PFlet energy scale uncertainty
4 transfer to the other jet types by direct matching and tag & probe

method

 triple spatial jet-by-jet matching between PF-Calo-|PT jets
» measure the response with respect to the jet with the best resolution

(Calo/PF, Calo/JPT, JPT/PF) as a function of PFjet pt
4 reasonable agreement between data/MC

» Calo/PF:~-1%
» JPT/PF: ~+1%
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- G
Offset e

| | T T | T 11 | | | 11 — - o= - | |
% MJS prellmmary 2010 M!n!mum B!as MC i
o 0. 8_ SE7Tey e Minimum Bias data .

Noise-only MC

* Detector noise < 0.2 GeV in pT AEO];— ............................................................................. o Zero Bias data |
» mostly in Barrel 3."“0.6;— ............................................................................................................................................ =
» folded into the MC truth JEC N :
4 Pile-up contribution roughly 0.2-03 - & z
GeV in pr per additional vertex :
4 average | pile-up event 0-35_ """""""""""""""""""""""""
» not corrected yet 0.2 At Ba s Sofa g B,
p taken as a systematic 0.1
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St
E:3

Response ratio
© o o
e (®)) (0]

—
o
N

0.98}

0.96

0.94

—
o
o3

—
o
(2))

T T

CMS : :
High-pt Extrapolation
CMS preliminary 201 \s=7TeV
.9 i I I I T I| I I I 1T T I| I |
"§ 1,041 -+ SPR = 3%, _calo B
® - - SPR = 3%, jpt .
g i ~-SPR = 3%, pf |
Q1.02- .
=2l
GD L
o
,
0.08]
0.96~ anti-k; 0.5, Iml <1.3 7
| | | | I | | | | | | I I I I | | |
30 100 20 1000 2000
P (GeV)

4 direct measurement up to pt~ 200GeV
4 extrapolation to higher pr using the MC truth
 single particle response (SPR)
- varied the SPR by *3% with FastSim
p fragmentation
- jet energy response variation between
Pythiaé and Herwig++

Response ratio
o O
[\ B

—

0.98

0.96

0.94

—
T 1 T

CMS simulation

| T T
(Herwig/0.98) / Pythia

Herwig / Pythia
Uncertainty 1
Uncertainty 2:

Pythia(50)— Herwig(2000)

\s=7TeV

_ anti-kT 0.5 PF _

i | | | | T I I | | | | | | T I | | | ]
20 100 200 10002000

p. (GeV)

CMS simulation

\s=7TeV
||| I_

| T T
(Herwig/0.94) / Pythia

Herwig / Pythia
Uncertainty 1
Uncertainty 2:

" anti-kT 0.5 Cdlo * °

Pythia(80)— Herwig(20

II|,IJIIIIIII

......

20

Lol I [
100 200

IIIII| I_
10002000

p, (GeV)
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4 N\ [/ N\ )

10 CMS preliminary, 2.9 pb’ \s =7 TeV 10 CMS preliminary, 2.9 pb’ \s=7TeV 10 CMS preliminary, 2.9 pb’ \s=7TeV

— [ T T T T T TTT | T T T T T T7TTT | ] | e | [ T T T T T T7TTT | T T T T T T TT | ] | e | [ T T T T T T7TTT | T T T T T T TT | ]
i E = Total uncert. 3 i E = Total uncert. E i - = Total uncert. E
> o ~ Total MPF E > 9 ~ Total MPF E > 9F ~ Total MPF E
‘C gF calorimeterjets ™ EhtOton Isifﬂl'e = ‘C  gF jet-plus-track jets Eh;)ton f‘i?'e = ‘C gF particle flow jets ™ Eh;)ton f‘i?'e =
© , - Extrapolation . © _ - Extrapolation . © _ - Extrapolation .
-'q:; 7? Antl'kT 05 &0.7 = Offset (+1 PU) _; "% 7? Antl'kT 0.5 &0.7 = Offset (+1 PU) _; "% 7;_ Antl'kT 0.5 &0.7 = Offset (+1 PU) _;
8 6; - Residuals —f 8 6; - Residuals _ 8 6— - Residuals _
> = . -] o . > o ]
O 5b — O 5t = @ 5 =
T iy E :
o 4 o 4F § » 4 =
Q 3 L 3 b 23 b
=2 _F 2 | = |
3 2F B 2 B 2 E
0 C O C 5 O S =
< 1; < 1; geo0o0000® 7 < 15 . 7

%030 100 200 10002000 %030 100 200 10002000 02030 100 200 10002000
p_ (GeV) p_ (GeV) p_ (GeV)

4 Absolute scale uncertainty 3-5% in the entire pt range

4 Minimum recommended pr values

» Calo: 30 GeV
» JPT: 20 GeV
» PF: |15 GeV
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Final Calibration
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St
E:3

r

N
o

w

—— Calorimeter jets

CMS Preliminary |

B Jet-Plus-Track jets \s=7TeV

SS== Particle Flow jets

GRS .
D Combined |EC vs n
5'-5_.__ = '
4 )
3 i I I I I | I I I I | I I I I | I I I I | I I ]
- — Calorimeter jets CMS Preliminary
- [ Jet-Plus-Track jets \s=7TeV
2.5~ _ _ anti-k, R = 0.5
- === Particle Flow jets p_ =50 GeV
2 -

0 1 2 3 4

Jet I
PAS
—

Jet Energy Correction Factor
\®)

anti-kT R=05 -

p, = 200 GeV

4 Combined JEC factors and uncertainties vs ||
» MCTruth + Relative Residual + Absolute Residual
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Chs,/ .
- Combined JEC vs pt

;;__ =% |
4 )
) - 2_2 [ T T T T T LI ‘ | - N [ T T T T | - 2_2 [ T T T T T T T ‘
2 - CMS Preliminary 2 - CMS Preliminary 2 - CMS Preliminary
(&} L O L O
© 2 B —— Calorimeter jets © 2 B —— Calorimeter jets i © 2 i —— Calorimeter jets
L LL LL
S 1 8:* S58 Jet-Plus-Track jets - S 1 8:* S58 Jet-Plus-Track jets - S - - B85 Jet-Plus-Track jets -
B T £==d Particle Flow jets B T £==d Particle Flow jets B T £==d Particle Flow jets
o B ) B ) B
o 160 Ns=7TeV g o 1-6f \s=7TeV B o 16 \s=7TeV B
O i anti-k; R=0.5 O i anti-k; R=0.5 O i anti-k; R=0.5 i
5 1.4j n=0.0 5 1.4 n=20 5 1.47 n=3.5 ]
s s s
s e A E g
= [ " ] e T [ e ) -
] i | | | | 11 1 ‘ | | | | | L1 | ‘ | | 1| ‘ | | 0.8 i | | | | | | | ‘
0.8 30 100 200 1000 100 200 30 40 50 60 100
Jet P, (GeV) Jet P, (GeV) Jet P, (GeV)

4 Combined JEC factors and uncertainties vs pt
» MCTruth + Relative Residual + Absolute Residual
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CMS.

Combined |JEC Uncertainty vs n

f

4 N\ )
< 10 T T < 10 | | | < 10 | | |
) - . ) - . ) - .
>, i Ns=7TeV CMS Preliminary > i Ns=7TeV CMS Preliminary > i Ns=7TeV CMS Preliminary
e - anti-k; R=0.5 7 e - anti-k, R=0.5 7 e - anti-k, R=0.5 7
= 8- ; — S 8- T | c 8l T B
© i p. =50 GeV | © i p. =200 GeV | © i p.=15TeV |
T T T T T T
) B } ) B } ) B }
O - . o - . o - .
S o 5 e 5 e :
= L - = L i = L T — i
— 4 — 4 — 4
© - . © - . © - .
h— — —

@) 5 N (@) 5 N (@) 5 N
=L . =L . = f .
2 B —— Calorimeter jets | 2 B —— Calorimeter jets | 2 B —— Calorimeter jets |
B —— Jet-Plus-Track jets B —— Jet-Plus-Track jets B —— Jet-Plus-Track jets
L —=— Particle Flow jets | L —=— Particle Flow jets | L —=— Particle Flow jets |
O PR R N N N N SR NN S S N A MR SN N B S 0 IR T S R A SO RO SN SR N ST SO S S N 0 L L | L L L 1 | L
0 1 2 3 4 5 0 1 2 3 0 0.5 1 1.5
Il In| In|

4 Combined JEC uncertainty vs ||
» Relative Scale + Absolute Scale
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CMS.

~N

\

N
J

—— Calorimeter jets CMS Preliminary
e Jet-Plus-Track jets ]

—— Calorimeter jets CMS Preliminary
s Jet-Plus-Track jets ]

—— Calorimeter jets CMS Preliminary
s Jet-Plus-Track jets ]

10 Particle Flow jets \s=7TeV 10 Particle Flow jets \s=7TeV 10 Particle Flow jets \s=7TeV _|
anti-k; R=0.5 anti-k; R=0.5 anti-k; R=0.5
i ml =0.0 i ml =2.0 i Il =3.5

Total JES Uncertainty [%]
Total JES Uncertainty [%]
Total JES Uncertainty [%]

! ! ! ! ! Lo
20 30 40 50 60 100
Jet P, (GeV)

I L] I L1
20 30 100 200 1000

PAS

4 Combined JEC uncertainty vs pr
» Relative Scale + Absolute Scale
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Cins,
Summary

-
Z'-t o |

4 We have estimated the jet energy corrections and their uncertainties using
3 pb-! of collision data at /7 =TeV

4 In general the MC truth JES is in reasonable agreement with the data and
can be used as a starting point for the jet calibration

4 Small residual corrections need to be applied on top of MCtruth
» relative scale: N dependent, constant in pr residual between 0.92 and 1.03

» absolute scale: constant factor 1.007

4 Relative scale uncertainty |- 4%, dominated by statistics and the resolution
modeling in the MC

4 Absolute scale uncertainty 3-5%, systematics dominated

4 Roughly same uncertainty for all jet types
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> 1 MC Truth Closure (JPT, PF)

: ‘_ e ’,
ClosureVsPt_Bar ClosureVsPt_End ClosureVsPt_Fwd
1.1 , — 111 , — 1.1¢ , ]
E - akajpt E - akajpt § - ak5jpt
08— 08— 08
% i nl<1.3 % n 1.3<n<3 % - 3<n <5
&.06 d&.06 . &.06
=) ~ = C ) [~ I
$o04f $04a o4 A
ﬁ - % - iﬁ:uz:'F —
02 L ] e GCLOCCTTITEEEEEEE ETEEEEEE 02 gz T
o = + Q E 0 E_-'__._.—|—-—|—
1= otmmmme--ees-s 1:'_';.'_'_'.'_ """"""""""""""""""""""" L | ettt ettt
f—t— ' e ,_,_—'—_'_ — — —-—-—_'__'__'__,__'__|_ :
0.98F--------- T 0.98 - .98 - --mmmmomonososesossososoesssoo o
0.96 0.96 0.96
0.941 0.94 0.94F
0.92F 0.92 0.92
ﬂg:l IIIIIIII 1 IIIIIIII 1 1 ug:I IIIIIIII 1 IIIIIII| 1 1 ﬂg_ll||Il|II|||I|||I|||I|||I||IIIII|III
20 30 100 20 1000 2000 =20 30 100 20 1000 2000 “20 40 60 80 100 120 140 160 180 200
GendJet P, (GeV) GenJet P, {GeV) GenJet P, {GeV)
ClosureVsPt_Bar ClosureVsPt_End ClosureVsPt_Fwd
1.1¢ — 1.1 — 1.1p —
@ T ak5pf @ ak5pf @ ak5pf
08— 08— 08—
&0 < 1.3 -t 13< <3 2080 3< <5
dost d.0s .06
= C = ~ - B
$o04a £.0aF $o0af
2 r 2 r 2 r
B.021 - B.02[ -y $.02
Q - Q - Q -
i—-------------- T mEe e e e S i—--------- e vl 1==
- _'__'_" : —— :
D98 - 098 - 098 —-----------mmmmmmmm e
0.96 0.96— 0.96
0.941- 0.94F 0.94F
0.92- 0.92 0.92
ﬂg:IIII 1 IIIIIII| 1 IIIIIIII 1 1 ﬂg:IIII 1 IIIIIIII 1 IIIIIIII 1 1 ug_lll||||||||||||III|III|IIIIIIIIIIIIIII
~ 6 10 2030 100 200 1000 2000 ~6 10 2030 100 200 1000 2000 Y 20 40 60 80 100 120 140 160 180 200

GenJet p_(GeV)

GenJet p_(GeV)

GenJetp_(GeV)
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CMS

Trigger Efficiency

> 12— 717 > 1.4 I > 1.4
- - HLT_DiJetAve15U - - HLT_DiJetAve30U - - HLT_DiJetAve50U
Q0 - QD 4oL ] QD 4oL ]
o 1 Q T S
i - L0 TR
o 0.8 o o) i
(@) ®) (@)
D i D 2 0.8
— 0.6 = =
I 0.6
0.4/ i
- O 4i
i —=— akbcalol2I3 . —=— akbcalol2I3 ] —— akbcalol2I3
0.2 % —— ak5pfl2I3 ] - Algorithm —— ak5pfl2I3 1 Dijet pr bing GeV) —— ak5pfl2I3
P —s— ak5jpti213 0.2 Jrek5calol213 | [10,403,{4k6fHtIEG 701, [70,90], [90,120], Y1%)|150], [150,200}, “1200,400], [400, 2000hk5jptI213
- i g+ akbpfl213 | [10,40], [40,55], [55,70], [70,85], [85,100], [100;150], [150,208],°[200,400], [400,2000] -
|t N N E R R 0 wassudi® | akbjpti213 | [10401, [40,651.165,75), [75.95], [95,120], [17)chaiebbaibe0]: [200,400], [400.2000] | . 1
20 30 40 50 60 40 60 .80 TabldQ: Dijet pr bins. 20 100 150
dijet p_ (GeV) | dijet p_ (GeV)
T 0.0,0.3,0.6,0.9,1.1,1.3,15,1.8,2.1,2.4,2.7,3.0,35,4.0,5.0 T
Table 5: |77| bin boundaries.
Trigger/Turn-on (GeV) | akbcalol213 | akbpfl213 | ak5jptl213
HLT _DiJetAveldU 37 40 39
HLT_DiJetAve30U 59 68 64
HLT _DiJetAve50U 87 97 92
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CMS . . #
' Binning ==

Algorithm Dijet pt bins (GeV)
akbcalol213 | [10,40], [40,60], [60,70], [70,90], [90,120], [120,150], [150,200], [200,400], [400,2000]
akbpfl213 | [10,40], [40,55], [55,70], [70,85], [85,100], [100,150], [150,200], [200,400], [400,2000
ak5jptl213 | [10,40], [40,65], [65,75], [75,95], [95,120], [120,150], [150,200], [200,400], [400,2000

Table 4: Dijet pt bins.

0.0,0.3,0.6,09,1.1,1.3,1.5,1.8,2.1,2.4,2.7,3.0,3.5,4.0,5.0

Table 5: |r| bin boundaries.
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CMS,

Asymmetry in N

St
E:3

0.4 T T T T T T T T T T T T T T T T T T T T 0.4 T T T T T T T T T T T T T T T T T T T T
> 0_4 T T T T T T T T ‘ T T T T ‘ T T T T T T T T ? ‘ ‘ ? ‘ ‘
= i i ) I ; y [0) - ]
GEJ ak5calol2l3 e I akb5jptl2I3 1l e I ak5pfi213 |
; - 9 < diet p._<120 GeV - % I 95 < dijet p_< 120 GeV | % I 85 < dijet p_< 100 GeV |
- . R(+) - R(-) R(+) - R(-)
N _R#)-R(-) < - ==rS TR _ <C L == R _
< 0.2 A= R@® + R() — 0.2 R(+) + R(-) 0.2 R + R()
| S P SPA— ._ 0 :'}"T‘?'{6*1":0146’1”6::.::’:i'f;*?’;’ ”””””” 7] Opt—e—0-gg0=e- '“"":.’;::.”; ) .T ”””””” 7]
o i | i |
I 1 _02 AR R N NN TN SN S N NN NN N AN A AN SO N SO N AR _02 AR R N NN TN SN S N NN NN N AN A AN SO N SO N AR
- | | | | ‘ | | | | ‘ | | | | ‘ | | | | ‘ | | | |
0.20 1 5 3 4 5 0 1 2 3 4 | f) 0 1 2 3 4 | f)
I i i
E.‘ 04 I — I B B B B L I — a 04 L I B B B B L L —— E,‘ 04 L I B B B B L T T T
E I ak5calol2I3 ! E i aksjpti2I3 i E i ak5pfl213 i
= I 200 < dijet p. < 400 GeV | = I 200 < dijet p. < 400 GeV | = I 200 < dijet p. < 400 GeV |
o | AW)- RO) | o | AW)- RE) | o | AW)- RE) |
< 0.2 R +R() 4 < o2 "R +R() 4 < o2r R +R() 7
i , i e , i ,
OFe—* ’T.{*‘.;'.’.:O’;.;:é: e e ] ore*= jf.{*‘.’;:Oi’.::.’rj.‘:,‘:;é’; ”””””””””””””””” ] 0 :.Ti.j"“fj.’f:.’:‘.::0:7’:‘}’:::: ’;;’i: ”””””””””””””” ]
- | | | | ‘ | | | | ‘ | | | | ‘ | | | | ‘ | | | | - | | | | ‘ | | | | ‘ | | | | ‘ | | | | ‘ | | | | - | | | | ‘ | | | | ‘ | | | | ‘ | | | | ‘ | | | |
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Single Particle Response #
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