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Introduction JEC Closure Resolution Conclusion Backup Motivation

Am  Motivation

Multiple cone size studies

@ Study was done to identify the optimal cone sizes to B .
store in our datasets :E‘\ﬂ;

@ i.e. the cone size which has the best jet response
and resolution after correction

@ In the past we stored R = 0.5 and R = 0.7 jets
o Note: We now use R = 0.4 instead of R = 0.5
@ This is what motivated that switch!

@ CMS analyses have used cone sizes
R =0.4,0.5,0.6,0.7,0.8,1.0,1.2, 1.5

o’

@ New studies being done to take advantage of jets with many cone sizes [3, 4]

@ i.e. Look at same event many times, each time looking for jets with different R

@ Use this additional information to improve signal to background discrimination

4
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Introduction JEC Closure Resolution Conclusion Backup Standards

i Jets and Jet Energy Corrections at CMS 1
Required Corrections Data
Reconstructed L2L3 L5 FI Calibrated
econttsuCte H gf;i H Rel: HAbs pTH Residual: n (Optlsr:/:Ir }[ aJetste }
MC

Corrections (Factorized Approach)

o Factorized approach to jet energy corrections
@ Anti-kt jets with R = 0.4 used by default, clustered from Particle Flow (PF)
candidates
@ Corrections for jets with and without charged hadron subtraction (CHS)
available
e CHS: Remove charged hadrons that can be traced back to pileup vertices, then

recluster the jets
e There will be a talk on Thursday which will provide more details on CHS

4
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Introduction JEC Closure Resolution Conclusion Backup Basic Workflow

im CMS JEC Stages: Pileup corrections

Required Corrections Data
L1 .
Reconstructed Offset L2L3 L5 Flavor Calibrated
Jets Fefi Rel Abs PT Residual: (Optional) Jets
MC
5 CMS Preliminary _|s =8 TeV. cms (s=8TeV
% [ - % 14F T T T T T T 7
?; L PFJets < Np,=5 o [ photons
ﬁ r "'NPv:lO . /\§1'27 Offset/N,,, E em dergs‘gs |
g [ Daa TNCe Flagwith  § T
= [ Smulatio PV Vertexing & 1 g charged pile-up No tracker
[ 3 > NPV:20 B charged hadrons
15 : ' V\Q Must rely
r W LA on shapes
r i 0.6[- to identify
10 o 5
r Xl e Flag with some ®4f
B e 5"’%’9@& uncertainty 0.2}
5 (vtx + shapes) o
. 2 2101 23 4 5
Guilty by ! "
R e T N T Association . Charge Hadron Subtraction:
n (rely on clustering)  Flag from another vertex and remove it
@ Left: Additional energy due to pileup as a function of n (AK5 PFlJets)
@ Right: Pileup composition in CMS J
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Introduction JEC Closure Resolution Conclusion Backup Basic Workflow

im CMS JEC Stages: 1 and pr corrections

Required Corrections Data
Reconstructed Offset L2L3 L5 Flavor Calibrated
Jets Fastier Rel Abs PT Residual: (Optional) Jets
MC
_  1gCMSSimulation Preliminary  _  (s=8TeV
[s} TE ]
8 17 Anti-kT R=0.5, Particle-Flow Jets = ° n a nd pT—dependent
T8 o  P;=30GeV E . .
= 16 = Pl100Gev = scaling factor fully derived
6 . P; =300 GeV 3 .
o 15 = from MC after applying
14 = pileup corrections
o
|4 . . .
1.3 @ Multiplicative scale factors

shown for three pr values

@ Final correction stage for
MC

ha

=
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Introduction JEC Closure Resolution Conclusion Backup Basic Workflow

CMS JEC Stages: 1 and pt residual corrections

Required Corrections Data
Reconstructed Offs = L2L3 L5 Flavor Calibrated
Jets Fastjet Rel Abs PT Residual: (Optional) Jets
MC
CMS preliminary, 20 fb_* \s =8 TeV =108 CMS preliminary 5 —g Tev £=198 ! CMS preliminary /5 —g Tev
a @ L)
S1.3 S I R E £L05  pEo30GeV [ [<13  a<03 §1'°3 p¥ >30GeV " <13 <03
£ F  PFlets ] g o
o 13F —— Dijet data B & Z, 0
£ oF E < E
81 25E Il statistical Uncertainties E e 3
= U [] JES uncertainty, p =100 GeV 1 1.01
S 1.2F E
=] £ 1
D1.15F El 0.95 1.00F
g *
115
N 11f
E . 099 ¥(0) =0.999 0,002
1.05 B 0.90f,
£ 1 pr balance (MC) 0.08 ¥(0) Yy 000 iy 003
10 E py balance (data) - V' Indf. =627/
E q MPF (MC)
_nso’w coa b b e b e b0 19 0.85| MPF (data) 0.97

0.00 0.05 0.10 0.15 0.20 0.25 0.30 0.35 0.40 0.00 0.05 0.10 0.15 0.20 0.25 0.30 0.35 0.40
oot ot

Il

@ Left: Correction factor for AK5 PFlJets derived from dijet balancing using the Missing-Et Projection
Fraction (MPF) method. Below 5% within the tracker region.

@ Center/Right: Absolute correction factor in barrel derived from Z — pup + jet
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Introduction JEC Closure Resolution

Conclusion Backup

CMS JEC Uncertainties

Basic Workflow

Required Corrections Data
L1 .
Reconstructed L2 L3 L2L3 L5 Flavor Calibrated
Jet Offset 19 Rel: Abs: Residual: (Optional) J
ets Fastjet - n *PT n P ets
MC
CMS preliminary, L=19fb? (s =8TeV CMS preliminary, L =19 fb? s =8Tev
= 10750 an. L ho lpsMEprEminay.LELIh  sEsleY @ Total
= F .Total uncertamty 1 = F # Total uncertainty 1 .
= 9 —Absolutescale 3§ =, 9F — Absolute scale E uncertainty
iS st ~Relativescale € st —Relative scale E and sources
< Tk - Extrapolation i 8 F - Extrapolation E f
5 7 «=Pileup,NPV=14 5 7F - Pile-up, NPV=14 El or AKb
o = Jet flavor (QCD) 1 o F = Jet flavor (QCD) E PFlets as a
c 6 N A% & c 6F N e e
= - Time stability E| =1 = - Time stability E| .
o s 33 s E function of
w Anti-k R=05PF 1 M f Anti-k, R=0.5 PF E (left) pr and
Dy In_|=0 = p.=100 GeV E .
» ] : v f (right) n
3 E 3= E
) E oF E @ Sub-percent
h: ] 17 E uncertainty
: : = E ] with central
0 100 200 10002000 o jet pT >
P, (GeV) Ny 100 GeV
BOOST2014 A Perloff Tuesday 192" August, 2014 7/25




Introduction JEC Closure Resolution Conclusion Backup Basic Workflow

fm Overview

Required Corrections Data

|

Reconstructed Offset L2L3 L5 Flavor Calibrated
Jets i Rel Abs PT Residual: 7 (Optional) Jets

T

MC

@ Jet energy corrections:

e Pileup removal
o Relative and absolute corrections

@ Closure of fully corrected jets (MC)

@ Resolution and optimization of cone sizes

BOOST2014 A.Perloff Tuesday 19" August, 2014 8/25



Overview Pileup L2Relative &

iMm  Technical Details

@ Used 2 QCD MC samples, one with pileup and one without

e Same generator level events in each sample
e Only difference is the pileup mixing step

@ R =0.2 through R = 1.0 in steps of 0.1

These are the things we get for "free” when we move from a large to a small cone

size

@ offset= pfY — p2°PU scales with p - ajer and ajer scales with R?
e R=0.5= R =0.4: We reduce the offset by ~ %
© JER noise term scales with /1t~ aje;

e R=0.5= R =0.4: At low pr we can improve jet energy resolution (JER) by
up to 20%

@ The question is if other figures of merit degrade to compensate (e.g. JEC
closure, offset pr dependence, matching efficiencies, Q/G tagging, etc.)
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Introduction JEC Closure Resolution Conclusion Backup Pileup

Pileup Subtraction

Offset Before Pileup Corrections (|n| < 1.3)

@ 4 is defined as the true number of pileup interaction
@ Offset is defined as the average difference between PU jet pr and no PU jet pr
@ The average offset increases as jet pr goes higher due to jet reconstruction non-linearities
@ Higher average offset for larger cone sizes (offset is directly proportional to jet area)
CMS Simulation {5=8Tev CMS Simulation {5=8Tev CMS Simulation f5=8Tev CMS Simulation {s=8Tev
= 4 T T3S gE T 3 T 1S U T T
D E+0<p<10 Antik, R=03(PF+CHS) I @ +0sp<10 Anti-k;, R=04 (PF+CHS) ] @ 12| 4-0su<10 Anti-k;, R=0.5 (PF+CHS) 7 @ [ 4-0<p<10 Antiky, R=06 (PF+CHS) J
O 4 iospe20 n<t3 3 S ZE 4 iosp<z0 n<ts 30 T L oeu<a0 <13 1 Q18 4 ocycz0 ni<1.3
& 355 4 20<p<30 ERS of +20su<s0 14 10F 4 205p<30 14 14F 4 20sp<30 E
£ 3F +30sp<d0 ER 30<p<40 2 30<p<40 £ 1of +30sp<4d0 =
v v st 19 19
Vo2 3V X 10F E
2 e 6F e o
™ Leeeess
15F A o] 6 e
RS ennnl —3 BUNURIRRSS e -
== 3 - o
e 4 B
[ e L+ e FIEHIUURIRINBEDE S ) |
R=03 R =04, ‘ LFR=05, ‘ TR=06, ‘
20 30 100 200 1000 20 30 100 200 1000 20 30 100 200 1000 20 30 100 200 1000
peEN [Gev] peEN [Gev] peEN [GeV] peEN [GeV]
cs Smulaton____ EzoTev cus simulation_ BzeTev  _  cwssmuien BzgTev cus smulaton_ BgTev
% 22F 4-0<p<10 Antik;, R=0.7 (PF+CHS) J % 40sp<10 Antik, R=08(PFCHS) ] & 35F 40<p<10 Antik, R=0 (PFCHS) ] % 40F 4-0<p<10  Antik,, R=1 (PF+CHS) J
€. 20F +105p<20 <3 3 & 5ef 4 10sp<20 mi<t3 1 O, F 4 10sp<20 nts 390 F iosu<z ni<3 3
£ 18F 420<p<30 ERSY 4 20<p<30 & 4 20<p<30 & 4 20<p<30
£ 16F +30sp<40 3 & o +30sp<40 3 & 25F 4 30sp<40 3 & 30F 4 30sp<40 El
o o o o
v 14 =R \ \2
20k B
150 '4‘,.."""""‘” E|
B

e L
20 30 100 200 1000
PEEN [GeV]
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Introduction JEC Closure Resolution Conclusion Backup Pileup

Al Pileup Subtraction

Offset After Pileup Corrections (|n| < 1.3)

@ Average difference between p’.ﬁt with PU added (PU sample) and p’.ﬁt without PU added (no PU sample)

@ Residual average offsets are smaller for smaller cone sizes

@ This is expected since the amount of pileup you have to remove goes with R?

@ Thereis (%)2 — 11 times more pileup in a cone of R = 1.0 than there is in a cone of R = 0.3

14V Simutaton E=8Tev 1.4V Simutation E=8Tev 1.4V Simulation E=8Tev 1. 4GV Simulation 5=8Tev
4 Y 4 — < 14 T 4 T T
3 40sp<10 Antiky, R=03 (PF+CHS) 3 40sp<10 Antik, R=04 (PFrCHS) 1 B 40sp<10 Antik;, R=05 (PF+CHS) 3 40sp<10 Antik;, R=0.6 (PF+CHS)
& 12f 18 12f 48 12 48 12 !
= +10<p<20 Ini<13 3 =, +10<pu<20 Ini<1.3 3 = +10spu<20 <13 3 = +10sp<20 Ini<1.3
% £ 4 20<p<30 E ‘% 17+205u<30 E % 17+205u<3n E % £ 4 20spu<30 El
£ 08F | 30<p<40 3 2 08F L 30<p<40 3L 08F ;30sp<40 £ 08F | 30<p<a0
9 o6F ERvAYS 3 9 osf i 3 9 osf
0.4f 4 oa4f 0.4f 4 oaf
0.2, 0.2 e 0.2f, £::' 3 o2k
26 P Tadtery L = | E o = _J E agtetioes
o T A S SRETC b R Y i SR O™ e,
02F 02F 4 -02f + 4 -02p paG 2
4R = 0.3 4 04 R=0.4 3 ©0ER=05 i ©4ER=0.6 3
r | i r | . r | , . | \
o 20 30 100 200 1000 o 20 30 100 200 1000 065030 100 200 1000 063030 100 200 1000
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CMS Simulation E=8Tev S Simulation =8Tev S Simulation =8Tev CMS Simulation E-8Tev
S 14 T S 14 T S 14 T T S 14 T T
@ | ,f +0sp<10 Antiky R=07(PF+CHS) 1 @ | ,F 40sp<10 Antiky R=08(PF+CHS) 1 @ | ,f 40sp<10 Antiky R=0.9(PF+CHS) 1 @ | ,f 4-0sp<10  Antiky, R=1(PF+CHS) J
O " | 10sp<20 <13 3 & F 4 j0cp<a0 n<13 3 & F 4 j0cu<a0 <13 ] & F L jocuezo hi<1.3
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Introduction JEC Closure Resolution Conclusion Backup

iAMm Number of Pileup Jets

Pileup

Rate of data and MC pileup jets relative to the rate of real (MC) jets [8]
The rate of overlapping jets increases quadratically with Npy,

@ This rate increases even more if you consider more than two overlapping jets

@ The probability of two overlapping jets with a given total pr (i.e. merged real and PU jets) is

given by p (overlap|pr) NNzu e pe =

@ A change in the cone size will have a significant effect on the number of pileup jets (R* dependence)
o

CMS Preliminary, Vs = 8TeV L=20 fb*

@ R =0.5=R = 0.4: With an

7
% Z-pp
: . +
o Inl < 2.5 Jetp_> 25 GeV
barl
E SF e All Jets (Data) *
@
<E( 4r All Jets (MC) ++
3F — PU Jets (MC) Bl
of Real Jets(MC)

R* dependence we actually
decrease PU jet rate by 60%

The data and MC do not
match in the high Npy
region due to pileup

reweighting

@ The pileup is poorly
modeled in this region
It is more important that
we have proper
reweighting in the region
’ of Npy representing the

Number of Primary Vertices

BOOST2014 A.Perloff

majority of our events

W

Tuesday 19t/ August, 2014 12/25




Introduction JEC Closure Resolution Conclusion Backup L2Relative & L3Absolute

Alm  Relative and Absolute MC-Truth Corrections y;‘

Corrections Vs. 7 in bins of pr

@ These JEC compensate for changing jet responses due to 1 and pr dependencies
@ Very similar corrections for most cone sizes

@ The average corrections are on the order of 10% for |n| < 1.3 and up to 40% in the high n
regions

@ More variation at low pr, especially fo R = 0.2

CMS Simulation fs=8Te CMS Simulation fs=8Te CMS Simulation (s=8Te
5 1.8, 5 18T T T T T T 71 5 18T T T T T 7
2 = . ° = . o
Q QCD Monte Carlo 3 o QCD Monte Carlo 3 o QCD Monte Carlo 3
$ 17 Anti-k, (PF+CHS) 3 Kkl ¢ Anti-k,, (PF+CHS) 3 S g Anti-k, (PF+CHS) 3
- p,=30GeV o ~ 16k p, =100 GeV E = 16f p, = 1000 Gev 3
5 © R=03 5 e R=02 © R=03 5 o R=02 © R=03
S R=05 E O 15F R=04 R=05 E S R=0.4 R=05 E
R=0.7 B o R=0.6 R=0.7 R=0.6 R=0.7
R=0.9 F * 4 R=08 o R=09 R=0.8 o R=09
R=1.0 R=1.0
. .
0.9 0.9 0. 1 1 1 1 1
42 0 2 4 42 0 2 4 42 0 2 4
n n n
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Introduction JEC Closure Resolution Conclusion Backup Closure Vs. p

Closure Vs. pr

o U CMS Simulati . ‘J‘E‘:“STev - ows Simulation ‘E‘:“BTeV
1%} E E » E E|
= E CD Monte Carlo = E CD Monte Carlo 3
@ The response g Mt Rk, P CHIS) s M R GRS ]
RECO / GEN g 1o <13 2 1o 13<nj<25 E
(P77 /p7") of T ion € 1o E
the jets after being | 8 .. g ]
fully corrected £ abrdgeee e R e
S oebint 8 E
0.99—=* 0.99F |
@ Better closure for ossl " osell E
£ +R=02 +R=03 R=0.4 £ +R=02 +R=0.3 R=0.4 3
Iarger R cones, 09T R=05 +R=0.6 R=0.7 09T R=05 +R=06 R=07
especially at low 0oL +R08  +R08  +ReL0 ool +R08  +R08  +R=10 3
p y pT 0.95E L L 0.95E L L3

. A” Cone Sizes 40 100 200 300 1000 40 100 200 300 1000
pEEN [Gev] pEEN [GeV]
equVaIentIy gOOd at o 1 fh\ﬂs T T T T T E:\STSY o 1 SMSS”\“UIB‘\ RRaaEasy \E:\BTe\:I
i S 10af CD Monte Carl 1 € 1af CD Monte Carl El
hlgh pPT 8 104; gnti-kT ?SFicﬁrsc; 8 104; (A?nli-kT E’é‘p‘icﬁ's‘i E
@ Response mostly ¢ zo<ii<so ¢ s<hi<s E
o 102:7 o 102:7 E
. e - f - f i
contained within 2 o 2 o -
0 2 i . " 2 N -
+1% Eow ] § e
o . 099 . ¥ 3
@ Closure is decent 0seb* sk - N
n £ - — - £ — - - 3
even for a cone size oo Thos lnos . nor oot e TR0t Thos nor 7
Of R _ 0 2 0gf +R=08 +R=09 +R=10 ] ogef' +R=08 +R=09 +R=10 ]
—_— . E | [ bl
’ R T R T R BTN .Y 0085 02040 180180500
pEEN [Gev] pe=" [GeV]
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Introduction JEC Closure Resolution Conclusion Backup

Detector & Reconstruction Effects

Al Resolution Due to Detector & Reco Effects

After Pileup Removal (|7

E=8Tev S Simulation F=8Tev

f5=8Tev
Ef‘“ +u=‘:‘<u ?“ ﬂ‘:\s\qa ?M +u=|;‘<13
=0 T 1707 Tofin 207 Tihen
. £ . Thah 3E Thnh 3E Twiiik
@ The resolution of the |[§.: ™, R i w18 waucn
. g e,
response of the jets for | . o o .
. . of R=02 "oweed 3T SRS
various 4 bins \ \ ‘

F R U T 560 7o o0
SN [GeV] Py [GeV]

9 The reSOIUtiOn G=zsTev s smaton E=8Tev

o o0
pe=N [GeV]

2 o 05 PrcH 13 o Ak RS PHCHS) 13 0. Ak, R=0.7 (PF+CHS)
- o o o o
degrades with larger o mer 42 e 1800 i<
25 +u=0 +1=0 5 40
: Kos RO P Thluen 3200 PSS
cone size at low p&EN | o, 38,0 o, 39U o
T g Taotucs 127 PESDE R o e Ta0sn<a
= . = Josp<s0 12 30sp<i0 12 “ 0p<40
and with higher p S o S o S o, i
0.15| 0.1 0.15] Coogiiy

o At high p¢EN the ok R =08 d ool

resolution of the jets is A e g o
the same for a” cone Gzety v Simulation_ 5=8Tev E=8Tev

ot R %7*‘%%%

I
20 30 100 200

A . g n o . i
3 o Antisk,, R=08 (PFCHS) 38 o 4ef % Antik, R=0.9 (PF+CHS) 1T o 4ok * Anti-k,, R=1 (PF+CHS)
. o o o
= m<1s 38 . m<13 18 <13
sizes and all p & o R F1 . e o
. .
g g g
4 +osp<i0 3£ +0sp<10 Z 40<p<10
8o Tiosuczn 1By 03 Tiotuezo 18, 09 Tletpen
< Tacuewn 18 Taotuen 18 Toocucmo
k= 30<p<40 3 2 30<p<40 3 2 30<p<40
S o2 5 o2 5
019 01
. o4
0,05} e ooos 0.05]
| |
o o
pgEN [GeV]
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Introduction JEC Closure Resolution Conclusion Backup

Optimization

Optimal Cone Size - Detector & Reco Effects

After Pileup Removal

@ The response resolution as a function of cone size for a given p?-EN and p bin

@ The optimal cone size (for each detector region) is chosen as the one with the smallest response resolution
@ with increasing pileup the optimal cone size becomes smaller, but the more you go forward in the detector, the more you want larger cones
”
CMS Simulati (s=8Te CMS Simulati (s=8Te CMS Simulati
A o.45 T T T T T4 T T T T T3 A 045 T T T T
g L QC Muttjet o hi<ts QcD Muttjet o he<ts g, Qc Multjot o hi<13
£ 04 Anti-k, (PFACHS) o 13<pi<2s Anti, (PFACHS) o 13<ni<2s & 04 Anti, (PF4CHS) o 13<mi<2s
a a
Y 035 30GeV<piM <GV o 25<h <30 90GeV<pM<120GeV o 25<hi<30 v 035 1000 GeV < i < 1500 GeV
z e z
& g3 —e—10su<2 o 30<h<50 105u<20 o 30<n<50 & o3 105<20
& T S
o 0sE g0z
© o2 et e . © o2
T e Ly e
—— 0.15
0.15 015 —3— e S
0.1 e e e 0AfF——
e i o S S
0.05] . . . . . . . . = 0.05 s
0 0.2 0.4 0.6 0.8 0.2 0.4 0.6 0.8 1 0 0.2 0.4 0.6 0.8
Cone Size Cone Size Cone Size
CMS Simulati (s=8Te CMS Simulati (s=8Te CMS Simulati (5=8Te
A o.45 T T T T T A 045 T T T T 3 A ous T T T T T
@ L QcD Muttjet o hi<ts g Qc Muttjet o he<ts ER- e QcD Multjet o hl<13
2 04 Antik, (PF4CHS) o 13<m<25 Antik, (PF4CHS) o 13<pi<25 & 04 Anti-k, (PFACHS) o 13<m<25
a —— a
Y 035F  soGevepicsseev o 25<hi<30 DGV <P 120GV o 25<hi<30 ¥ 035 1000 GeV < B < 1500 GeV
z - =
%d_ 03 305u<d0 . a.n<m\:i.a_~°:H 305 <40 o 30<n<50 501_ 03 30<p<d0
it .
& 025 == S & 025
© E= R ©
0.2 e 0.2
0.15, e e e e e 0.15 +
0.1 S 5= CENNE e o E o1 b
D e e o e mm o
0.05 I I I 1 M| 0.05 I I I I | 005 | | | I I
0 0.2 0.4 0.6 0.8 1 0 0.2 0.4 0.6 0.8 1 0 0.2 0.4 0.6 0.8 1
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Optimization

Introduction JEC Closure Resolution Conclusion Backup

im  Optimal Cone Size - Detector & Reco Effects

)

After Pileup Removal

@ These are summary plots of the information from the last slide

e These include all 4 bins for a given p$V
e Each point represents the cone size with the best resolution

@ The more you go forward in the detector, the more you want larger cones

@ Note: The error bars include cone sizes whose resolution is within 5% of the
optimal size

CMS Simulation {s=8TeV CMS Simulation {s=8TeV CMS Simulation {s=8TeV
8 14 T j T J 8 14 T ! J I 8 14 i j ' B
& OF sevnconamy  oco et ® hi<ts 1 & "*F stucoamy  ocomuier ® <13 1 & *F swunconamy  acomuer ® m<ts
@ o[ Erorsas Antid, (PFoCHS) @ t3chi<zs | @ of Eworsars Antid, (PFACHS) @ 13<ni<2s ] Qo[ Emorsars Anti, (PFACHS) ® 13<m<25
38 wev<paascer @ 2s<hi<a0 ] O weev<pcimcey @ 26<m<s0 ] O 1000 ey <p < 1500 Gov 1
' 1 <hi<so ] 8 1 oepieso | &1 |
E 0 socpiso ] F ® soch<so | 3 El
= 3 8 3 8 3
S 038 10 0.8 BN 0.8 1
06 4 06 - 06 B
I I I 1117 1 + 1
0.4 * * i * + : 79 0.4 B 0.4 B
02 I I I B 02 I I I B 02 I I I B
0su<10 10<p<20 205u<30 30su<40 0su<10 10sp<20 20<u<30 30su<40 0su<10 10sp<20 205u<30 30spu<40
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Introduction JEC Closure Resolution Conclusion Backup Optimization

fm Resolution Fits

After Pileup Removal

CMS Slmulatlon s = 8 Tev
— T T T T T T { T T T { T T T { T T T {
o [ ]
= - PF PFchs <13 1
E . .. g 12; e "@"N( ev ||r?]|:0.2-1.0 -
@ Equation p.arameterlzmg = [ e Si GeV) x 10 ]
the resolution T [ e 1) x 100 ' ]
o [No|No| +o2yuA 82 , 9; 104:#‘ e s vt .‘__ ......... -8 ]
e =i I AE T I SRCI
PT pT PT LL 8; ‘ h
c L ]
o r kE ]
@ Three terms: = L + ]
o Noise % 6 o O ° ]
® /[aje: dependence 8 f@é i + 9 ]
e Stochastic o 4 . A AT g s 0 N
o Constant in fi-aje r. ‘?" ]
e Constant 2 $ v —
g UHNUHGE'UU'A 2 2 7
o Constant in fi-aje; E (A= B\ D:TlR ) [ p—§+§_7+c 1
-/ 1 1 1 l 1 1 1 l 1 1 1 l 1 1 1 l 1 1 1 l ]
0 20 40 60 80 100

HXA
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Introduction JEC Closure Resolution Conclusion Backup

Resolution Fits

After Pileup Removal

D

The stochastic and
constant terms do not
significantly change with
pileup or R

The stochastic term show a

slight benefit when using
PFchs

The noise term can be
effectively parameterized by
simple square-root
dependence on uxA

e PFchs is significantly
better at reducing the
noise term at high uxA

e This improvement is not
as pronounced for
smaller cone sizes,
especially at small pxA

v

Resolution Fit Parameter
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Optimization
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Summary

@ We have validated the performance of the jet energy corrections over a
wide range of cone sizes

The performance of the JEC for all cone sizes is very good

Rate of PU jets increases rapidly for larger cone sizes

Smaller cone sizes provides a benefit in removing PU

e More stable residual offset left for smaller cone sizes after the pileup corrections
e Better low pr resolution

Relative and absolute corrections have a minimal dependence on jet radius

MC has the expected JER dependence on p and jet area
@ Resolution increases with p and with cone size
o At high pSE" resolution is independent of cone size
e Optimal resolution for all pr and u bins found at R = 0.4

@ Look for analyses to start using more cone sizes very soon!
e See the benefit of using more cone sizes [3, 4]
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A  Missing-E7 Projection Fraction

@ Missing transverse energy projection fraction (MPF) is based on the fact that
Z+Jets events have no intrinsic Z7
o At the parton level, the Z is balanced by the hadronic recoil in the transverse

plane

p7 + PT

—recoil -0

@ For reconstructed objects we need to add the detector responses
y

4 il
RZPT + Rrecoilﬁsgcm = _ET

—

@ Response given by the projection of E_} along the

axis of the Z

jet2

@ We also saw o = pTz ,
T

Rreco:l - RZ +

Er-p%

(%)

=T =Rupr

e Removes the influence of soft radiation

@ More details found in [6]

sy
E;

R . ),Im/

recoil” PT true

= Y,Z, barrel jet
R\ 7, barrel jet” PT,true

which makes sure that we veto on second jet activity
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i[m Extrapolation Uncertainties

@ Single particle response (SPR) for hadrons:

@ Measured in data by using isolated tracks and comparing the energy deposited in the calorimeters
to the momentum as measured by the tracker

@ data/MC disagreement is less than +3%

@ SPR for PF is less than 2% and is better at low pr where the tracker measurement is dominant.
When pr is high, the calorimeter measure is dominant in the PF algorithm.

@ Fragmentation properties of the generators:
@ Ratio negligible at pr ~ 80 GeV and grows to ~ 1.5% at low and high pr

@ More information can be found at [6]

o CMS simulati . \E=‘7Tev CMS si ion __ . H\@f,”ev
'{31 04; -SPR = 3%, calo (T\\‘ 1.04F HerW|g++/P22 Pythla D6T/PZ2
= ~SPR = 3%, jpt ] @ f -cawo ° CALO
g | 1 £, F -upT « JPT
2 [ ~SPR = 3%, pf ] 51.03? . PF o PE
81-02_‘!.-_.;;;5 tast et ] g [ - AK7PF = AK7PF
2 [Focects { o1.02- [ Calo-based envelope
o Fe ®” 1 g E [] Track-based envelope
1= 1 S04
Lo ]l ° 1.01%
12 W *?ﬁ
I . =823 @ n | - R i
0.98Jl . H -;...gL 8_ 1 vii.l!iiii' il
. 1 [7] ? 1 { E B i i i
L ] Q brgita o @
[ i n‘:o.gg§§; ° ° o, .
0.96 anti-k; R=0.5, Il <1.3 b H o
T 1 M 1 arl s M| N
30 100 200 1000 09820 100 200 1000
p, (GeV) P, (GeV)
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M Flavor Uncertainties

_ 1CCMS preliminary, L=19 fb’ 1s=8 TeV
. Q ki B
@ Flavor uncertainties based o 9 agl(;lgr:\n .
on the PYTHIA/Herwig++ | (3 oZijot mixture
differences in uds/c/b-quark | S 8 +y+jet mixture
and gluon responses .,g 7 ~ Light quarks
@ Default: extrapolate from Q ¢ ~Bottom
Z+Jet r.nlxture to the dijet > 5 Anti-k, R=0.5 PFch
QCD mixture = In_I=0
o Access to individual sources | &£ 4 et
also given 3 3
o i.e. can make a mixture %
specific to your signal or O 2Ps
background L 1 -
- == o
@ More information found .:!!!Yt!:::: S Sy
at [5] 20 100 200 10002000

p, (GeV)
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