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CMS

Jet substructure: SMP perspective

eJet substructure can be used to &' M z?lijets .
improve sensitivity of hadronic = BN
decays of boosted heavy particles 8 ¢ <
such as Higgs, W/Z, and top g '¢ =
T | N
*Requires understanding of QCD 4:\&3;35?@5@@%& L =
radiation inside jet, structure of zsa@hm%‘gm ®
constituent particles T oo SR
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*Analyze jet mass properties using 7 TeV data
-inclusive & systematic comparison of jet grooming algorithms

*Use di-jet and V+jets events as complimentary probes of
gluon- and quark-enriched environments, respectively
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Jet mass for groomed jets

CMS

SMP-12-019, arXiv:1303.4811

Ratio of the groomed to ungroomed jet mass,
encapsulates behavior of each grooming algorithm

CMS Preliminary, L=5fb'at \'s = 7 TeV AK7 Duets

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

-------- Pruned PYTHIAG6, Z2 RECO
............... Pruned PYTHIAG6, Z2 GEN
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Comparison of
grooming algorithms
at particle level
(GEN), reconstructed
simulation (RECO)
level, and in data

Pruning is the
most aggressive,
filtering is the
least aggressive
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Use V+jet events to study jet properties

W(ev) W(pv) Z(ee) Z(pp)
PT > 120 GeV
mTt> 50 GeV, MET > 50 GeV mz = [80,100]

pTe > 80 GeV p'!'u > 80 GeV oTe > 20,20 GeV pTu_> 30,30 GeV

WP (e = 70%) iSOrel 0.1 iSOrel 0.1

: . .| WP (e=95%) :

(isorel < 0.05) | p quality cuts** p quality cuts**
| d®wmeTj|> 0.4 (31| |dDy,j|> 0.4 (3]

Jet selections

pr> 125 GeV, |nj<2.5,

|ddy;| > 2.0,

|dRIep,j| > 1.0

CMS

%

Kinematic
selections are
chosen to
compliment

trigger strategy

in a specific

boosted phase

space.

** nMatches > 0, x?/ndof < 10, nPixelHits > 0, nTrackerHits > 10, nMuonHits > 0

Kalanand Mishra, Fermilab
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Number/5 GeV

V+jet sample composition

W+jets

CMS PreIiminary,L=5fb'1 at \'s = 7 TeV, Ungroomed AK7 W+jets
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Z+jets

CMS Preliminary, L = 5f6™ at \'s = 7 TeV, Ungroomed AK7 Z+jets
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CMS

Jet pr response for groomed jets .

Groomed jet response within a few % of ungroomed case.

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

T T T | T T T T | T T T T | T T T T 1.1 T | T T T | T T T | T

grdomed jet response | l i
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Performance versus pileup by jet size

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

CMS

O data, Uné;roomed AK5

Pythia6 22, Ungroomed AK5

data, Ungf;roomed AK7

Pythiaé Z2, Ungroomed AK7
data, Ungroomed AK8

Pythia6 22, Ungroomed AK8
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Ungroomed AK5: ]

4Ungroomed jet mass
IS very sensitive to PU

| dm/dN,, =0.1:0.03 GeV |

: Ungroomed AKff: < J S i

é : °

| dm/dN,, =0.28+0.03 GeV _\ m INcreases

x:$L€V¢u2¥
Q

X L - T
A 2 0053,
WS
b o) Lot ¢ : ‘.’.."v
: o

| dm/dN,,, = 0.33:0.03 GevJ

o R

linearly as a function
of the number of
primary vertices

4 Effect becomes more
pronounced as the jet
Size increases
e AK8 shows much
worse effect than AK5S

|
10 20 30 40
Npy
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Performance versus pileup for groomed jets ,

CMS Preliminary, L = 5fb” at \'s = 7 TeV, AK7 W+jets
I I I I | I I I I | I I --—l-—h—+ I I | F—
B O  data, Ungroomed AK7 . Ungroomed AK7:

Pythia6 22, Ungroomed AK7

i O data, Trimmed AK7

- Pythia6 22 Trimmed AK7 L

Fi

Pythia6 Z_2, Filtered AK7

(0] data, PrLined AK7

Pythia6 Z2, Pruned AK7

.............

dm/dN,,, = 0.25810.03 GeV

Trlmmed AK7:

dm/dN,,, = 0. 12+0 04 GeV

ltered AK7:

I e — T ki e

dm/dN,,, = 0. 16+0 02 GeV

Pruned AK7:

dm/dN,,, = 0.1:0.05 GeV

Kalanand Mishra, Fermilab

PV

CMS

4 Grooming techniques
are less sensitive to PU

T~ e<my> vs NPV slope

becomes flatter

4 Observe the expected
behavior that <m,>
typically scales as R?

Lr @60 O:o'v@'w@'@ '976 B s R M e e e
Qe o-@-eooo-y@@M@= 2G5 3
- _ ° i _
I R R S S T T SR R AR N R | L 1 so7/sos = 2.7+09 ((0.7/0.5)3 = 2.74),
0 10 20 30 40 sos/sos = 33%1.0 ((0.8/0.5)% = 4.10),
' sos/so7 = 12+02 ((0.8/0.7)* = 1.49)
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CMS

Physics deliverable: jet mass comparisons
binnin
» For the grooming algorithm comparisons, al g_ _
focus on AK7 jets to make qualitative bin | PT fordijet
statements PT for Vsjet
e For V+jet plots, also present comparison of jet | 125-150
clustering algos and jet sizes 2 1ot 220
- To be insensitive to theoretical jet pT 3 220-390
spectrum, we present results as normalized 4 300-450
double differential distribution: 5 450-500
1 2o 6 500-600
LPDF('"’ )= = * dprdm;’ 7 600-800
s 800-1000
e For di-jet, use the average pr and mass for °
the two leading jets in the event 9 | 1000-1500
V+j |
 For V+jet, use pr and mass of the leading jet Difé: s:l;'

Kalanand Mishra, Fermilab

Di-jet and V+jet
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CMS

Unfolded distributions of jet mass

Unfold the my spectra to get detector-corrected distributions

Consider true distribution, f(x), convoluted with detector
l /f(“)A(“rﬁ)d“ = g(B)| resolution A(x,B) to give you measured distribution, g(B)

For binned distributions, can be formulated as

Ax=Db

where b is measured distribution, x is true distribution, A is a matrix containing detector effects

To get the measured distribution, invert matrix to get

X =A1b

e For inversion of the matrix, use iterative Bayesian method to unfold
to the true distributions.

e Combined electrons and muons in the case of V+jets using inclusive
acceptance

Kalanand Mishra, Fermilab 10/ 23
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CMS

Unfolded distributions, dijet ungroomed (AK?7)

Plots are presented in increasing aggressiveness of grooming (Ungroomed,
Filtered, Trimmed, Pruned] and best digested by flipping through.

10° CMS Prehmmary L 5fb’ at \!_ 7 TeV, Ungroomed AK7 Duets
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CMS Prelnmmary L=51b"at \!_ 7 TeV, Ungroomed AK7 Duets
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JE — Pythia6, 22
SE
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MC to data agreement is reasonable using both Pythia Z2 and
Herwig++, though Herwig++ seems to have better agreement.

Kalanand Mishra, Fermilab
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Unfolded distributions, dijet filtered (AK?7)

CMS Preliminary, L= 5fb" at \[s = 7 TeV, Fittered AK7 Dijets
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CMS Preliminary, L =5 fb' at \'s = 7 TeV, Filtered AK7 Dijets
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Unfolded distributions, dijet trimmed (AK?7)

CMS Preliminary, L= 5fb" at \/s = 7 TeV, Trimmed AK7 Dijets
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CMS Prellmmary, L=51fb"at \s =7 TeV, Trimmed AK7 Dijets
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CMS

Unfolded distributions, dijet pruned (AK7)

As the grooming algorithm becomes more aggressive, Herwig++
agreement is better with data.

CMS Preliminary, L = 5 fb' at \!_ 7 TeV, Pruned AK7 Dljets

1g¢ CMS Preliminary, L = 5fb’ at Vs =7 TeV. Pruned AK7 Dijets £ =
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10°
* Pythia8, 4¢
0 1 - 220 <p"° < 300 GeV
-7 I T | ,
"% 250 0 _— Harksen 25
0 50 700 750 200 250 300

m\Ve (GeV
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Turnover region moves to the left with harder grooming while tails
remain similar in all cases — important feature in new physics searches.
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Unfolded distributions, W+jet (AK?7)

cMms

Qualitatively similar behavior to the dijet case.

N.B. Z+jet plots
are in backup
where
qualitatively the
same behavior
IS observed

—10

CMS Preliminary, L= stilat V=7 TeV, Ungroomed AK7 Wsjels
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Unfolded distributions, W+jet (AK?7)

CMS Preliminary, L= 51" at V& = 7 TeV, Trimmed AK7 Wajets
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CMS

Unfolded distributions, W+jet: comparison
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T T T T T ] @ 2 . C N\
> F
m e Pythis, 22 +  125-150 GeV (x 109 W k. 125.150.GeV........._...... E 3
AL :._ ------ Herwiges, 23 : Q 1 _* 3
oI= + 150-220 GeV (x 10%) ]
E | [ stat uncertainty i P SUROvrrsuorRiUUE SOURURIONL__ svvve SU0E SOURURORTROROIOON 3
S I [ Total Uncertainty ¢ 220-300 GeV (x 10°) 0
10° & 300-450 GeV (x 10 2 :
e 1.5F-150.220.GaV........c.... Frriucimme .o o
o 30."5.-.. - 1 1 U
I A Ay, F I | S T e AL TTTT SR o n s SEEEEEERERE -
-‘---rulhl"“.u. "
1w B 77 3 0.8 o
AT i
- B _
T A By, ]
AL
op e :
'._ “"""H-!n i _.'
et e
M Trarn o
10+ - =
A e s S
- T == .
EL Y —-— )
3 PR S ST SR BN~~~ VUt SUUN WUUE WUUE JOUNT SUUNT S 1
%% 50 100 150
m, (GeV)

CMS Preliminary, L= 55" at VE = 7 TeV, Filtered CA12 Wijels
L B S S B S S B DA

—r y a CA12, FILTERED
"l&o' | Pythies, 22 + 150-220 GeV (x 109 3
A vanes Herwiges, 23 1 3
FE | [CJstatuncemainty o 220300 GeV (x 10% | =
S I [ Total Uncertainty 1
10t 4 300-450 GV (x 10%) |
- ;‘O‘r‘"‘\'"t..-;,.,;-_‘ -l »
i - : 3
I R 15F-.220-300.GeV....._..........i......
B 2o 1 e [ ]
42 A T S — - bbbt 22 (TTTY
3E \03,..’.‘.‘& R T T TT T R R
i “ha, E
10 e LT — o
2 g ™
| - i WO _
I § ;'m;m 1
: Seory,,
10" g e .
‘l..\
o 4 Jinee ]
oLt s ¢ ¢ 0 ¢ 4 o 200 s %
% 50 100 150 1 7/ 23

m, (GeV)




Comparing di-j

et and V+jet

CMS Preliminary, L = stb 'atVs=7 TeV, Ungroomed AK7
- T T ]

CMS Preliminary, L = 5fb'1 at \'s = 7 TeV, Filtered AK7
[~ T T
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CMS

For visualization purposes,
present di-jet and V+jet
distributions with one above
the other.

pPT bin:
300-450 GeV

N.B. not the exact same observables
my vs <myp> in bins of pT, «pT>

Shows the difference in jet
mass for di-jet and V+jet
processes where the former
(latter) radiates more (less)
due to larger composition of
gluon (quark)-initiated jets

N.B. stat. err. only
18/23




CMS

[A ground work for more interesting physics ....

WW production in semi-leptonic final state

0101010 N e A B B S S A
t+2jet =m/v+wz > r+1jet =:/(\)l:)N+WZ
5oooOOSted)’Z;j:ts o 400f- (boosted) | I Vet
P
0000 §
1 200
5000
060 80 100 120 140 % 60 80 100 120 140
m; (GeV) m, (GeV)

Better signal / background, reach to higher mww / pt™

Kalanand Mishra, Fermilab 19/ 23




CMS

[An example of the use of jet substructure

CMS /Ldt=19.3fb" (s=8TeV : :
> [ —=———- Constrain triple gauge
3 10°c Y, ljet Wz . coupling measurements
B (boosted) B top / at the % level.
B Z+Jets .
; . - i gnr?ae;rz: o y
c 10 e 0,05 Ié
o -
> 7
m ......... .

2 | When using two resolved
——— jets (w/o use of jet
substructure), the kinematic

108, reach goes only up to ~250
LE) of | | i GeV !l Not enough to
I 1:4:::n::::!:Ziiiiizzm::‘.'f?.'j“, ¢ ﬁ_.::_ probe anomalous effect
© f . AR ] with any sensitivity.
0 250 300 400 500
P, [GeV]
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Important score card

from Nhan Tran

V+jets and dijets final states
All measurements are unfolded
5fb*at7 Tev, 2011

Dijet final state

@® = unfolded, © = detector level

% =36 pb* at 7 TeV, 2010

* =5fb*at7TeV, 2011,
grooming parameters varied

%,CA
©*.cA

2 o &
& K4 £ £ eé:-f ‘{} {" N %\@ observable
& *g\f :’b & @\Q fj .{,5 é} éi}
NS & S N f 3§

Kalanand Mishra, Fermilab
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CMS

[What the score card means

1.) ATLAS measurements span several papers & conf notes
ALL CMS results on previous page are from a single paper SMP-12-019

2.) Unless we get our act together the score card will not look pretty

eRepeating previous measurements with 8 TeV data and more
common points will be an excellent starting point.

*I[MHO, also need to optimize grooming parameters for CMS jets

*\We need to get JS folks from various PAGs and JME POG working
together to take up this task.

On the positive side, we measured JS in W/Z+jets events. ATLAS
hasn’t caught up with us yet. We need to keep it this way.

Kalanand Mishra, Fermilab 22123




CMS
Summary

[4 Jet calibration well understood for groomed jets
eat the level of a few % groomed jets have similar response
e effect of pileup well simulated, area subtraction working

[ First systematic study of jet grooming techniques on jet
mass performed at CMS

ean important benchmark in understanding various
algorithms for searches for new physics

[ Comparison with Pythia Z2 and Herwig++ simulation gives
reasonable agreement, Herwig++ appears to agree better
e performance of jet pt and mass versus pileup shows that
the grooming techniques lessen sensitivity to pileup

[ Detector-unfolded distributions obtained for MC comparison
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QOutline

e|ntroduction and motivation

eCalibration of groomed jets
ecffect of pileup and uncertainties

eJet mass distributions in di-jet and W/Z+jet events
ecomparisons of raw data and simulation

eUnfolded distributions
eunfolding procedure and systematic uncertainties
ecomparison between di-jet and V+jet

eSummary

Kalanand Mishra, Fermilab
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CMS

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




CMS detector

muon ducti iron return yoke instrumented
electron hadron superclon udc ng with muon chambers

i solenoi
charged hadron calorimeter .

- == neutral hadron gy, calonmeter
-== photon

silicon tracker

Analyses presented today rely most critically on

— electrons: tracks matched to clusters in EM calorimeter

—~ muons: minimum ionizing tracks, penetrate deep into muon system

— Jets / H;: constructed with combined tracking + calo info

— MET: constructed with combined tracking + calo info, hermetic detector

Kalanand Mishra, Fermilab 27123




CMS

Jets in CMS

%
a4

e Use charged hadron subtracted (CHS) Particle Flow jets
-Remove all charged hadrons not from the primary vertex

e Neutrals are subtracted via jet area p correction where p is
energy density computed with the KT6 algorithm

-Active area used in all cases including groomed

* Non-linearities in n and pr are corrected for using data & MC

-AKS, AKY jets have dedicated corrections while other
large radii jets use AKY corrections

o Jet finding & grooming algorithms implemented via FastJet3

Kalanand Mishra, Fermilab 281723




CMS
Jet energy calibration: overview

Required Corrections

>

A 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. 1, P using MC truth.

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

In CMS the most widely used jet is anti-kt 0.5 (0.7 for QCD
measurements). Jet substructure studies done with anti-kt
0.5, 0.7, 0.8 with various grooming techniques.
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), GeV

<I:)T,offset

CMS

Pileup contribution to jet energy

4+Pileup (PU) measured with

CIIIVIISI |plrﬁIEITIFI:‘Iar|VIIII IIII|IIII|IIII|IIII|VI$I=I |8I-II-IeIV Zero BiaS data
1.4¢ I 4 *Most charged hadrons can
- otons 4 . .
1 o[ Offset/Ny, - gm deposits be associated to plleup
= £/ | had . .
: B hodronio demosits - vertices and removed
1+ @58 charged pile-up
N I charged hadrons
0.8 - ePart that can be removed is
060 1 labeled “charged hadrons”
0.4+ - :
: — 1 *Part that remains as PU
0.2 — ! needs to be subtracted
0 PU density x effective area
5 4 -3 -2 -10 12 3 4 5 (FastJet-p)
n
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pT pile-up (GeV)

CMS

Pileup subtraction: prastiet X Area .

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

B I I L L I I I :
C i <0.5 . 1 *PU density depends on the
30" =« Average Offset (DATA) 4 #of primary vertex in the
- o Average Offset (MC) gg% a event
25 o Jet Area (DATA) o % -
- o JetArea (MC) Og%@?f - *Reweight pileup Poisson
- 00 m — .
. et : mean in MC to match data
15:_ ﬁ@%ll _:
10; g including - *Poisson mean determined
— | — . .
g iﬁﬁaﬁ ﬁzﬁiﬂﬁs ] from measured luminosity
5 et . and MinBias cross section
e Anti-k; R=0.5 PFlow -
O_.II 1 | | 1 11| | 1 11| | 1 11| | 1 11| | 1 11| | 1 11| | 1 | II_
0 5 10 15 20 25 30 35

Number of primary vertices
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= = = CMS
Residual correction in data: n & pr dependence Z

n dependence No pr dependence observed

eCalibrated using dijet events *Using Z/y+jet events
*Use a single flat scale factor

—1.35 CMS p.rell'.m.".‘a.ry’ 1.6 fb 1| _ I\lfl =8 TeV v 5 CMs Prellirrllirlmgrx,lll_ =16 fbl-1 _ \@ .=.|8 TeV
S 4 PFJets 1 = | m<13 et :
O —— Dijet data . ~1.04- - Zee+jet -
= - _ . o - = Zuu+jet i
81 -25:_ JES uncertainty, pT=1OO GeV B 8 1.02 []JEC extrapolation _]
— - I Statistical Uncertainties . ~ -
g 1.2 ] Q 1-_
L®) - . © N
®1.15F 1 @ .
N . 0098
1.1F 2 oal
- . 00.96
1.050 1 8
BN 1 <o0.94f .
1E i - Data/MC = 0.983 + 0.004 (stat.) -
- . 0.92- x*/NDF =17.8/20 _
095_|||||||||||||||||||||||||_ B L Lol ! Coo vl ]
0 1 2 3 4 5 20 100 200 1000
n| Py (GeV)
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JEC uncertainty [%]

—

©O o N W & 01 O N O © O

CMS
Correction uncertainties

Uncertainties in 2012 data comparable to 2010, 2011.

CMSprellmmary,l—HSﬂo1 /s = |8TeV ’ CMS preliminary, L=1.6fb" |s=8TeV
T T TTT T T T TTT ] ||||||||||||||||||||

= Total uncertainty -
— Absolute scale
-+ Relative scale
- Extrapolation

= Pile-up, NPV=12
= Jet flavor

-+ Time stability

Within 1% for jets with pt>
100 GeV in barrel

Anti-k; R=0.5 PF
. 1=0
jet

Within 3% for jets
with pt> 30 GeV

Anti-k. R=0.5 PF
p,=100 GeV

_“_Lmoo.l;mc»\loocoo

-, e Yy e Y
FETOGO o
s = s S A SR ISR .
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PF energy fraction

[Jet composition: achieved a good understanding ,

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

© o o ©
OO N 0 ©

© o o ©
N WP O

o
—h

W
o

100 200 1000
P, (GeV)
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Jet composition agrees
well between Data & MC
econsistent with small

residual jet energy
scale difference at the
level of 1-2%.




CMS

Jet substructure algorithms I

4+Study jet mass properties with three grooming techniques
e Filtering: arxiv: 0802.2470 Butterworth, Davison, Rubin, Salam
° Trimming: arxiv: 0912.1342 D. Krohn, Jesse Thaler, LianTao Wang
e Pruning: arxiv: 0903.5081 steve Eliis, Chris Vermilion, Jon Walsh

e This round of analysis uses default parameters from each
of the references.

+Filtering I Fwo

 reclustering jet constituents with
smaller radius, Riit, keeping niit
hardest sub-jets

 default parameters: Rt = 0.3, nfit = 3 §
e sub-jet clustering algorithm:

Cambridge-Aachen

Kalanand Mishra, Fermilab 35/23
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CMS

Jet substructure algorithms II :

4+ Trimming

e reclustering with smaller radius, Rrsit, keeping sub-jets with a fraction,
P Ttrac,min, Of original jet pr
o default parameters: Rt = 0.2, pTfrac,min = 0.03

e sub-jet clustering algorithm: kT

Jc‘(‘.wwvx‘.vxg f - . f - S . g .\.3 -

4+Pruning

e reclustering with sequential recombination algorithm, veto soft and
large-angle recombinations between pseudojets i and j

o veto: ARj > reutx2m/pr; z=min(pT;,pTj)/pTi+yj < Zcut
o default parameters: zcut=0.1, default reut=0.5
» sub-jet clustering algorithm: Cambridge-Aachen
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[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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CMS

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

5 -4 -3 -2 -10 1 2 3 4 5

n
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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)

CMS preliminary, L=1.6 b is=8TeV CMS preliminary, L = 1.6 i s =8 TeV
: : :' _I TTT | TTTT | TTTT | TTTT | TTTT | TTTT | TTTT | TTTT | TTTT | TTT I_
- l<0.5 ¢ © 0.1+ Jetp_=430GeV |
— — T
30~ Average Offset (DATA) . : N y=1241 ]
- o Average Offset (MC) g% a i PVdata’ — ' < ]
25« Jet Area (DATA) o % - 0.08|- (Noyue) =12:44
- o Jet Area (MC) oggff - ] : |
20~ Sant E - :
- glat"® : 0.06F .
L Q.. m L i
L 99. _
15 gEe . [ ]
; anﬁ including 0.045 B
101 g&" charge - ]
- T hadrons I ]
5 .--ﬁi N 0.02F ]
- . - I ]
F Anti-k. R=0.5 PFlow 1 i i
0_.\\\\‘\\\\‘\\\\‘\\\\‘\\\\‘\\\\‘\\\\l\\\\_ W FEEWE FEEWE N
O 5 10 15 20 25 30 35 O 5 10 15 20 25 30 35 40 45
Number of primary vertices Number of primary vertices
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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.

e
—t
o o
RS

1.03
1.02
1.01

orrected Respons

C
o
©
©

0.98
0.97
0.96
0.95

?'?"SPF?"Y'T‘{'{']”V : — \E =8 T‘?Y 105 CMS preliminary \s =8 TeV
: : C . - T T T T T T | T T T T T T T | .
— QCD Monte Carlo - _8 - .
- Anti-kT R=0.5, PFlow . g 1.04=  QCD Monte Carlo :g" E
- e <13 +¢ -
N ] O - .
- = v 1.02— —
C ] o = .
~++i ------------------------------------------------- 4 & 101 e
- ] T - P =
i ovemms I Ay =
- + % + . ) - ¢ \\£
B s = 0.99= I
- <13 E 0.98E41 E
= 4 1.3<hi<3 = 0.97F =
3 4 3<hi<5 E 0.96F- =
- ] = L L L E
20 100 200 1000 2000 a0 100200 399 1009

pg;n (GeV) Corrected Jet P, (GeV)
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Combined pileup and MC truth effects

2CMS preliminary /s = 8 TeV o > CMS p‘re‘lim‘ir‘la‘!ry ‘ ‘\E‘=‘8“Tev
® [ T T T T \\‘ T T T \\‘ U) -
7)) - QCD Monte Carlo
c i QCD Monte Carlo S - Anti-kT R=0.5, PFlow
o A Anti-kT R=0.5, PFI 1.8+ P -
o 181 " ml <1.3 o 7 § i m<12 0N, <5
® [ . Uncorrected +o<n,<s 0 qf N
T 46l L " 1.6 PU-corrected —+5<Ny<10
160« jetwith PU -+ 5<Nw<10 2 I 10<Npy<15 |
CHR 10<Npy <15 7 S 1.4 jet 4 15<N,, <20 ]
1.4, °.°, ¢ 15<Npy <20 s 0 20<N,, <25 |
e ‘. e 20<N,,<25 | o i : ]
- ., .. PV e O B —4-25<N,, <30
1oL ‘el . 4 25<N,, <30 z 1.27
'o. .o.. e, - B
: .O.... . ....:O.... g 1* ;J
1“"‘“'“':-::3'8;;:555555§E§ass%=;!9e- e A S
. ] 0.8[- ]
08_ ] i Ll 5 L \\3
(- \\‘ \\‘ 10 10
107 10° Py (GeV)
p-glj_en (GeV) T
LT 4+PU subtraction removes
i ] response dependance vs Npy
- PU + MC-truth corrected jet - : :
0.8 | -1 #MC truth correction brings

CMS

W4

10°

gen103
P (GeV)
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= = . 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.

= 1.35CMS preliminary, 1.6 fb" ___ \'s =8 TeV CMS preliminary, L=1.6 fb" __|s =8 TeV
" : ] O B T T T T TTT T T T T TTT |
'% ’ N PF Jets ] S - <13 - y+et -
) -3 F —— Dijet data E c\U 1.04- - Zee+jet -
= : . . ®© _ = Zuu+jet -
81 -25:_ JES uncertainty, pT=1OO GeV B 8 1.02 []JEC extrapolation _]
T 100 Bl Statistical Uncertainties E s ] l
S 12 . b
21.151 ERE it :
o " r ] 0 0.98[ n
oC - - = - ]
1.4F =0 040 1
- - 00.96[ B
1.05F 1 8 1
F 1 <o0.94F .
1E i - Data/MC = 0.983 + 0.004 (stat.) -
- . 0.92- x*/NDF =17.8/20 _
095_|||||||||||||||||||||||||_ L I Lol I Coo vl ]

0 1 2 3 4 5 20 100 200 1000
| b, (GeV)
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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.
LL 0.5 CMS preliminary, L=1.6fb" _ (5=8 TeV
o - -=Charged pile-up mi<1.3 -
O ] 4 6 +|(=::a:ged hadrons N
- = Photons
L -+ Neutral hadrons
O . 3 4~  +Electrons .
- ~+Muons
0-2 2774} ¢ + 7:

PF energy fraction, Data-MC [%)]

0.1 ’ TEHSY
-2+ .

30 100 200 1000 '4:_ | Tag-and-probe methodI _
pT (GeV) 30 100 200 pT ('(;2%(;
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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.

CMS preliminary, L =
_\\\\‘\\\\‘\\\\‘\\\\‘\\\\

1.6fb' (s=8TeV
\H\‘\\H ‘H\\‘\H\_

PF energy fraction
o O O O O
OO OO N 0 O

o o
w A

_45_ ‘H’l‘( ++ i% Charged pile-u

p
‘ —e— Charged hadrons
* —=— Photons
B \ —+— Neutral hadrons
-6 —=— Electrons & Muons
—+— Forward hadrons
—+— Forward photons *‘*

Tag-and-probe method

o ©
= N

PF energy fraction, Data-MC [%]

l 49 GeV <p, <114 GeV —
\ | ]

0'5 '4 '3 '2 '1 O 1 2 3 4 5 _\\\\\\\
5 -4 -3 -2-10 1 2 3 4 5

M n
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/PTgen

RECO

fitted o, pT

Jet pr resolution for groomed jets

015 ——

e
—h

0.05

CMS

|2
4

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

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

resolution vs pr

o Ur?groomed AK7
= Trimmed AK7
. Filtered AK7
v Pruned AK7

200

300

400 500

pTRECO [GeV]

0.15

0.1 e

0.05 [y

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

resolution vs n

= j’rimmed AK?7
+ Filtered AK7
v Pruned AK7

ithfddrﬁédAK? o .

A4
—r—
==
==

-2 0
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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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CMS

Systematic uncertainties

» Parton shower theoretical uncertainty

* The difference between unfolding with two parton shower
MC models: Pythia Z2 and Herwig++

e Jet Energy Scale (JES)
* Up and down variations as a function of n and pr

» Additional 1% uncertainty from scale from pruned W jets
(arXiv: 1204.2488, also see next slide)

« Jet Energy Resolution (JER)/Jet Angular Resolution(JAR)

e VVary the jet energy, n, and pT resolution up and down by
10% - with nominal value of 10%

* Pile-up
 Vary the Min Bias cross-section by 8%
 Bias corrections from unfolding procedure
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CMS

Analysis benchmarks :

« Provide an inclusive comparative study of jet mass for
available jet grooming methods

« Make a comparison of data to simulation as a
validation of parton showering models

« Provide detector-unfolded jet mass distributions as
inputs to the theoretical community

Jets types under investigation

Clustering algorithms Jet substructure algorithms
Anti—kT (R=0.5) _ Study CA8 Pruned and
CA12 Filtered due to
Anti-kT (R=0.7) -/Trimmed/Filtered/Pruned _ _
their relevance in
Anti-kT (R=0.8) - current CMS analyses
Cambridge-Aachen (R=0.8) Pruned
Cambridge-Aachen (R=1.2) Filtered
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CMS

Simulation and samples

« Analysis with 5 fb-1 of 2011 data,vs=7 TeV

o Simulated samples

Dijets

QCD: Pythia6 Tune Z2/Pythia8 Tune 4c/ Herwig++ 23

V+jets

WW,WZ,ZZ: Pythia6 Tune Z2

ttbar and single top: MadGraph+Pythia6

W/Z+jets: MadGraph+Pythiab Tune Z2/Herwig++ 23

« Motivation for jet pT bins come from trigger
thresholds in the dijet analysis

« Lepton selections driven by increasing single electron
trigger threshold throughout 2011

Kalanand Mishra, Fermilab 50/ 23




Performance versus pileup for groomed jets (II) .

inclusive in NPV

0.14

0.12

Fractioﬁ

o
=

0.08

0.06

0.04

0.02

o

-~

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

“““““““““““““““““ ‘””“”l‘;.ﬁ‘\

Filtered data RECO

-------- Filtered PYTHIA6, Z2 RECO
--------------- Filtered PYTHIAG6, Z2 GEN
Trimmed data RECO
-------- Trimmed PYTHIA6, Z2 RECO
--------------- Trimmed PYTHIA6, Z2 GEN
Pruned data RECO

-------- Pruned PYTHIA6, Z2 RECO
............... Pruned PYTHIAG, Z2 GEN

rrn I OO B s

L

o\\\‘\\\‘\\\‘\\\‘\\\

e = ) ! L A -
01 02 03 04 05 06 07 08 09 1

Groom
mjet / miet

*Main differences between

A 2
©
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o
o
2
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£
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£
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o
(@) ]
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1

GEN Filtered jets and RECO
Filtered jets from pileup.

*Trimmed and Pruned jets
differences are convoluted

0.5

with parton showering model.

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

CMS

[T | R L T T 1
: data, trimmed/ungr: omed
. data, filtered/ungroomed

data, pruned/ungroiomed

Pythia Z2 (reco), prfuned/ungroomed
Pythia Z2 (gen), trirﬁmed/ungroomed
Pythia Z2 (gen), filtéred/ungroomed

Pythia Z2 (gen), pruined/ungroomed

Pythia Z2 (reco), trilz'nmed/ungroomed

ythia 2 (reco), filtered/ungroomed
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cMms

Unfolded distributions, Z+jet

AK7 AK7, FILTERED

. CMS Preliminary, L= SIb" at \JE = 7 TeV, Ungroomed AK7 Zsjels . CMS Preliminary, L= sm“ at V& = 7 TeV, Filtered AK7 Z+jets
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Unfolded distributions, Z+jet

CMS Preliminary, L= 55" at V& =

CAS8, PRUNED

. 7 TeV, Pruned CAB Z+jets
,;m T o 2
-Ig | pytniss, 22 + 125-150 GeV (x 109 | S 15F-125-150.GeV.........
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