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eJet calibration in CMS
-Effect of pileup and pileup subtraction
-Jet correction uncertainties and contribution from pileup

eJet composition
-energy fractions contributed by charged and neutral
hadrons, photons, electrons, and muons

*pT response and resolution for groomed jets
eJet mass for ungroomed and groomed jets
-Effect of pileup on jet mass
-Performance vs pileup by jet size
-Performance vs pileup by grooming technique

eSummary
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CMS

Jet energy calibration: overview

Required Corrections Optional Corrections

>

o) (oo o) ) ) o)) S

<4 Factorization facilitates the use of data-driven corrections

- Breaking the correction into pieces that are naturally measured in
collider data:

e Offset: pile-up and noise measured in zero-bias events.
*MC: jet response vs. n, Pt using MC truth.

eResidual: jet response vs. n, Pt using dijet balance and y/Z
+jet in data.

In CMS the most widely used jet is anti-kt 0.5 (0.7 for QCD
measurements). For pileup studies, consider anti-kt 0.5, 0.7, 0.8
with various grooming techniques: filtering, trimming, pruning.
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Pileup contribution to jet energy

4+Pileup (PU) measured with Zero Bias data and MC
« Random cone allows to separate contribution per detector

* Most charged hadrons can be associated to pileup vertices

and removed
CMS preliminary (s =8 TeV

I photons

- Offset/N,, BN cm deposits ePart that can be removed is
I neutral hadrons

[ hadronic deposits - labeled “charged hadrons”
B8 charged pile-up  —
I charged hadrons

- - ePart that remains as PU after
] ] this needs to be subtracted

: . PU density x Effective area
o 5 (Fastdet-p)

0.28

*PU density depends on the #
of primary vertex in the event
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. = . CMS
Pileup correction: using NPV and [prastiet X Area] Z

eBoth NPV-based and FastJet-p-based corrections are in agreement

eRemaining Data/MC difference accounted for with separate PU corrections
eReweight pileup Poisson mean in MC to data. Poisson mean determined
from measured luminosity and Minimum bias cross section.

pT pile-up (GeV)
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CMS

After PU offset: start with MC-based correction

4Eta and pr corrections derived from QCD MC sample
* Corrected response closes well in MC.
+Particle flow minimizes flavor response differences
* Maximum flavor difference within 3% in barrel for pt > 30 GeV.
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Response
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Combined pileup and MC truth effects
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4+PU corrections remove
response dependance vs Npy.

4+MC truth correction brings
the closure back to one.




= = . CMS
Residual correction in data: n & pr dependence Z

n dependence pt dependence
«Using dijet events :Hsmg Z}]ipﬂett, Zzeﬂet,dyﬂet events
< 2.5% for jets in |n|<2.4 O signiticant pr dépendance

*HF modeling requires 5-10% correction observed, so a single flat scale factor

is used.
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CMS
Correction uncertainties

4+Uncertainties in 2012 data comparable to 2010, 2011.
* Pileup uncertainties increasing due to higher average pileup.
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CMS,

Jet composition vs pr in barrel

CMS preliminary, L=1.6fb"' |s=8TeV

4 Jet composition
agrees well between

Data and MC
econsistent with small

y fraction
o O
c O

> 0.7 residual JEC at the
o _N0
c 0.6 1-2% level.
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Jet composition vs n

CMS preliminary, L=1.6fb' (s=8TeV

4 Jet composition shows

increasing differences in

the forward region
econsistent with JEC
at 2-13% level.
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https://twiki.cern.ch/twiki/bin/view/CMSPublic/PhysicsResultsSMP12019

Most aggressive grooming algorithm, pruned, still exhibits
response within a few percent of ungroomed case.

CMS Simulation, L = 5fb™ at \'s = 7 TeV, AK7 V+jets

i groomed jet respoAnse

- ungroomed jet response -
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CMS Simulation, L = 5fb™ at \'s = 7 TeV, AK7 V+jets
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CMS

Jet pr resolution for groomed jets

Jet pr resolution for various grooming algorithms also shows
good agreement to within a few percent.
*Pruned jet pr resolution degraded slightly.

CMS Simulation, L = 5fb™ at \'s = 7 TeV, AK7 V+jets
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Jet mass for groomed jets
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Ratio of the groomed to ungroomed jet mass,
encapsulates behavior of each grooming algorithm

CMS Preliminary, L=5fb"at \s =7 TeV AK7 Dljets _

0 01

Filtered data RECO
Filtered PYTHIAG6, Z2 RECO
Filtered PYTHIAG6, Z2 GEN
Trimmed data RECO
Trimmed PYTHIAG6, Z2 RECO
Trimmed PYTHIAG, Z2 GEN
Pruned data RECO

Pruned PYTHIAG6, Z2 RECO
Pruned PYTHIAG6, Z2 GEN

|||||
-

1
i

P R I ) J__l Rotaleud. LJ.._J L..J.l

EREEE |='1"'|"i"|'"|'"|"'|"'|"T EEEEEN

02'03 04 0506 07 08 0.9

N £

mGroom / m

jet

Pruning is the
most aggressive,
filtering is the
least aggressive

See Nhan Tran’s talk
(Monday) for details.

Comparison of grooming algorithms at particle Ievel (GEN),
reconstructed simulation (RECO) and data
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CMS
Grooming helps big in reconstructing resonances%

: z-F-’ 161 + ~qq
Can be .used to improve R R —Veets | _
sensitivity of hadronic decays of % 14Fin 112-128GeV WX
) ol —V+Higgs |
boosted heavy particles suchas € '% <
. ~ 10
Higgs, W/Z, and top £ LB 3
Qo
> NN\ ! N
. . . Ll ALRRRRRRRRNY : .
This is what we aim to do » Gii utterworth, s N
*t Davison, Rubin, ™ S
L oMslesflatNs=7Tev ) \\\é\\\\\\\ssssssssssss\ss\\
Q18O I I I I I _: NN ) ‘
E160 O~ 83007 GeVic? ] TP IATIRE
1 140 miC = 825203 GeV/ic? Mass (GeV)
=120 N S = : :
2. 00 * Data Started with hadronic W

Bt

o 80 EWalets - in boosted top events
60 ] gop":‘_’t MJ3 http://cdsweb.cern.ch/record/1370237
—pataft
40 -= MC fit

See talk by Derek Strom
0 20 40 60 80 100 120 140 160 180 200 (Wednesday) for more details.
m(W-jet) (GeV/c?)
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Performance versus pileup

CMS

https://twiki.cern.ch/twiki/bin/view/CMSPublic/PhysicsResultsSMP12019

e[t is of particular interest to
understand the sensitivity of
large size jets in presence of

pileup

*Grooming techniques may
serve to mitigate pileup
sensitivity by effectively
reducing the jet area

eUnderstand performance of
mean jet mass as a function of
number of primary vertices

Pileup profile in 7 TeV data

CMS Preliminary, L = 5fb” at \'s =7 TeV

Npy, Simulation

N,y, Simulation reweighted ]

Np,, Data
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Performance versus pileup by jet size

CMS Preliminary, L = 5fb'at Vs =7 TeV, AK7 W+jets
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CMS Preliminary, L = 5fb " at \'s =

_ _ CMS
Performance versus pileup for groomed jets (I) Z

7 TeV, AK7 W+jets
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4 Grooming techniques
are less sensitive to PU
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pruned jets
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Performance versus pileup for groomed jets (II) Z

slide 14

CMS Preliminary, L = 5 fb” at \/s = 7 TeV, AK7 Dijets \
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*Main differences between

GEN Filtered jets and RECO

Filtered jets from pileup.

*Trimmed and Pruned jets
differences are convoluted

with parton showering model.

CMS Preliminary, L = 5fb" at \'s = 7 TeV, AK7 W+jets
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CMS

Summary

4 Excellent understanding of jet energy calibrations

4 Jet composition well understood for jets in tracker coverage
eat the level of a few % (not much room for improvement)
elarger uncertainty for forward jets: 5—-10%; need to
improve; important for vector boson fusion

[ Performance of jet pr and mass versus pileup shows that
the grooming techniques lessen sensitivity to pileup
e Important for future high luminosity LHC runs

[ Understanding interplay of various algorithms vs pileup is
an important benchmark for searches for new physics
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Understanding CMS detector

SILICON TRACKER
Pixels (100 x 150 um?)
e e C o r ~im?  ~66M channels
Microstrips (80-180um)
Pixels ~200m? ~9.6M channels
Tracker , “TER (F
~76k scintillating PoWO, crystals

HCAL
Solenoid

Silicon strips

. ‘ ) Ies Gl
MuonS \ ‘ 16m? ~137k channels

~13000 tonnes

SUPERCONDUCTING
SOLENOID
Niobium-titanium coil N
carrying ~18000 A : & ) FORWARD
) & CALORIMETER

Steel + quartz fibres

. HADRON CALORIMETER (HCAL) SAS G
Total weight : 14000 tonnes Brass + plastic scintillator MUON CHAMBERS
Overall diameter :15.0 m ~7k channels Barrel: 250 Drift Tube & 480 Resistive Plate Chambers
Overall length :28.7m Endcaps: 473 Cathode Strip & 432 Resistive Plate Chambers

Magnetic field :38T

Kalanand Mishra, Fermilab




[Material budget of the calorimeter

Thickness of HCAL in terms of interaction lengths

05 1 15 2 25
n

7-8 Interaction Lengths at N=0 with HCAL alone and is insufficient to
fully contain the shower generated by pions above 100 GeV

Kalanand Mishra, Fermilab




Calorimeter response in test beam data

*The figure shows the

CMS

1.0p — NEL — combined response of EB+HB
0.9k | to different particles as a
F . | function of beam momentum.
0.8f e -The response is normalized
Bk t4 ¢ ? to 1 for electron.
g 07 it IR -At 100 GeV, the pion
Q@ o6k . Te ‘”‘ NRITIEN response is 80% of electron.
o | a0 oT+ -The proton response is
W 0.5p T NG always lower than pion.
0.4F i ..
5 K- eIn collision data the response
0.3F g is lower than in test beam
0 23...1 B RN because of additional material
"~ 100 101 102 in front of the calorimeter.
Beam Momentum (GeV/c) eThe calorimeter response is

clearly non-linear.
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Sample composition

W+jets

CMS Preliminary, L = 5fb™ at \'s = 7 TeV, Ungroomed AK7 W-ijets

CMS

Z+jets

CMS Preliminary, L = 5t at \s = 7 TeV, Ungroomed AK7 Z+jets
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