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Context-1

Charged

P leptons
' 4

| —Vy —> Missing E;
W
W
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b-jEtS — &a
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A T\ You need to understand

/W- D . the whole detector to do
%g, , N top-quark physics:
Light- «e—¢%" o\

quark jets
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Context-2

CDF combined channel X-section

(CDF note 10926)

DIL LJ-ANN LI-SVX HAD | CDF combined

Central value of o, T.47 T.82 T.32 7.21 7.71
Uncertainties

Statistical 0.50 0.38 0.36 0.50 0.31
Detector modeling 0.41 0.11 0.34 0.41 0.17
Signal modeling 0.24 0.23 0.23 0.44 0.22
|Jet modeling 0.25 0.23 0.29 0.71 0.21]
Method 0.00 0.01 0.01 0.08 0.01
Background from theory 0.02 0.13 0.29 0.00 0.10
Background based on data 0.10 0.07 0.11 0.59 0.07
Z boson theoretical normalization 0.00 0.16 0.15 0.00 0.13
Inelastic pp cross section 0.31 0.00 0.00 0.30 0.05
Luminosity detector 0.30 0.02 0.02 0.29 0.06
Total systematics 0.70 0.41 0.61 / 1.18 0.40

y A

TABLE 2: CDF measurements of o;; and their combination, with breakgown shown for uncertainties (in pb).
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uncertainty
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Context-3

2 vertices

Things are
getting messy!

7 vertices

TRIUMF
g
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Jet Reconstruction

 The anti-k, algorithm with R=0.4 (0.5) is used for top physics
at ATLAS (CMS) [several other values of R also used]

2

A
dij = min(ky k2 55 dip = k;”

A= (7 —n7) + (67 — &)

=» produces cone-like jets that are
Infrared and co-linear safe.

* \arious objects are used as input (see following)

» CDF and DO use an iterative cone algorithm (k, as well)

TRIUMF
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Jet Reco Strategy - 1

jet constituents

Jet finding

Tracks

Jet finding.

Simulated
particles

Jet finding

Calorimeter

clusters
(EM scale)

Local cluster

Calibrates clusters based on
cluster properties related to
shower development

e.g. energy density,
shower depth

TRIUMF
]

Simon Fraser

Calorimeter
clusters
(LCW scale)

g
g
S

jets

Particle jets
(aka truth jets)

Track jets

Calorimeter jets
(EM scale)

Calorimeter jets
(LCW scale)
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Jet Reco Strategy - 1

jet constituents

Tracks

Simulated
particles

Calorimeter

clusters
(EM scale)
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Jet finding

Jet finding.

Jet finding.

Local cluster
]

Calibrates clusters based on
cluster properties related to
shower development

e.g. energy density,
shower depth

ATLAS

Important for
resolution

Calorimeter

>
>
.

clusters
(LCW scale)
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e L B
Ems.s} 0.9
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jets

Particle jets
(aka truth jets)

Track jets

Calorimeter jets
(EM scale)

Calorimeter jets
(LCW scale)

EM Probability
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Jet Reco Strategy - 2

Particle Flow (PF) approach
ECAL HCAL

\ Particle Jet | Energy depositions

P in calorimeters

\ * Tries to reconstruct individual
particles to form jets using all
subdetector information

* Commissioned successfully on data

* Used in most CMS analyses

Parton level

CMS preliminary. L = 1.6 b7 |5 =8 TeV

~

L[ Calorimeter Jet

PF energy fraction

/ ECAL HCAL \

Photon

Charged hadrons

o
cidat
‘‘‘‘‘

P [ Particle Flow Jet ] 30 100 200 1000
J p, (GeV)

3 H. Kirschenmann - Universitit Hamburg 18 July 2013

M. Vetterli —=TOP 2013 — #8

Simon Fraser



Jet Calibration Strategies

CMS, relative (n) N

Reconstructed
Jets

Calorimeter jets

Residual in situ
calibration

(EM+JES or
LCW+JES scale)

Caorrects for the energy Changes the jet direction to Calibrates the jet energy Residual calibration derived

offset introduced by pile-up.  point to the primary vertex.  and pseuderapidity to the using in sty measurements.,

Depends on p and Ny, Does not affect the energy.  particle jet scale. Derived in data and MC, 20 11 data
Derived from MC. Derived from MC. Applied only to data.

1) Correct for pileup

2) Correct for vertex position (ATLAS; not needed for PF jets)
3) Apply Monte-Carlo calibration factors

4) Apply residual calibration from in-situ measurements

TRIUMF
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Jet Calibration Strategies

appliedon MC —»

o

CMS Reconstructed pileup (p,)
A Jets pileup (p.)

Calorimeter jets
(EM or LCW scale)

Calorimeter jets

Residual in situ (EM+IES or
calibration LCW+JES scale)

correction

Origin correction Enerayis

calibration
Caorrects for the energy Changes the jet direction to Calibrates the jet energy Residual calibration derived
offset introduced by pile-up.  point to the primary vertex.  and pseuderapidity to the using in sty measurements.,
Depends an u and Ney. Does not affect the energy. partiche jet scale. Derived in data and MC.
Derived from MC. Derived from MC. Applied only to data.

rton jet article
T :( T X cn_CM'I) XCAbS_CUE—I_COOC: T _CUE‘l‘COOC

C,: n uniformity ; Cy: pileup ; C,pq: calo response (MC-based)

gl _ jrélteas — Eo Eo: offset (pileup, noise); Siet: showering correction
jet Riet St [ R Calorimeter response; from data (MPF) |

TRIUMF
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- ATLAS Online Luminosity .

160 C D vs=8 Te\v‘,ﬁ_dl =208 <u>=207 3
140 0 Vs=7TeV, [Ldt=521" 9= 9.1
120F

100F

Pileup Corrections

O(Npv, 1y Ndet) = 0 (Mget) (NPV —Nfﬁ,}) + B (Nget) - (N —Nmf)

Npy, = # primary vertices (in-time pileup) ok

Recorded Luminosity [pb™/0.1]

= ave. # of interactions/bunch crossing (out-of-time pileup) J ke

Mean Number of Interactions per Crossing

o5 CMS Preliminary \s =8 TeV
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Pileup Corrections

And/or use a |et-area-based correction:

raw P — (PUE A
Carea(pT ,Aj?p) =1— ( < raw>) I
Pr

p = ave. E density ; A = jetarea

= 18—
& 16 ATLAS Preliminary -
a 14 Zpp +jets E
[ LCW Topoclusters ]
12F -
10'_ -
8- e
6 .
o - Powheg+Pythia8 MC _Z
4: o -#+- Alpgen+Herwig MC 1
2 ¢ Data -
9| SRR S SRV APAAPA SAVAAr AR W

5 10 15 20 25 30 35
(W

TRIUMF
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Response

Fully-Corrected Response
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0.8

¢ 20<N,,<25
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CMS preliminary {s=8TeV
T T T T 11 I‘ T T T 1 71 ‘
- QCD Monte Carlo
= Anti-kT R=0.5, PFlow R
nl<1.3
®
le —+4-0<N,, <5
e ® —-5<N,, <10 ]
e "0 10 <N,, <15
'. -'. -+ 15<N,, <20
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L ]
a...'. u,::z:_
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- IJ Ll ‘3
10° gon10
P (GeV)
CMS preliminary /s =8 TeV
T T T T I‘ T T LN ‘
+ QCD Monte Carlo
L Anti-kT R=0.5, PFlow ]
<13
L —+-0<N,, <5
| 5<N,, <10
- Corrected DA
I 10<N,, <15
Response 4 15<N,, <20
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Response Corrections (p,, 1)

- Correct measured energy

CMS Simulation Preliminary \s=8TeV
T T T T T 1 T T T T T T

baCk to partICIe Scale :8: ::j E_ | Anti-kT H;O.SI, P;artilcle-]FIolw ‘;ets | _g
Tk o  P;=30GeV 2

- Based on Monte Carlo £ oF T Taos E
simulation: © 1: E
Corr = prart/ meeaS 1:35—; 0‘9—5
1.2%—” —%

- Monte Carlo simulation 1E E
Is validated by test-beam E E
and single-hadron response T R R R

data

=

CMS: Apply to particle-flow jets

ATLAS: Apply to jets at EM-scale (EM+JES) &
jets at local hadronic calibration scale (LCW+JES)

TRIUMF
g

M. Vetterli —TOP 2013 — #13

Simon Fraser



INn-situ Calibration

The Monte Carlo is not perfect. Correct calibration using in-situ techniques:
Balance jet transverse momentum against that of a well-measured object (Z, v)

Two techniques:

+ pt-balance: balance the jet (but need OOC corrections)
+ Missing Projection Fraction (MPF):
balance the whole hadronic recoil (no intrinsic EtMiss)

jet

_ b —
Rpalance = pf}z and Rypr =1+

2miss =Y/Z
ET ""-Pr

(3%)

MPF method does not depend on the jet algorithm to 1%t order.
It is also much less sensitive to (ISR, FSR, UE).
However, it does not test how well the MC models the

out-of-cone correction.

TRIUMF
- B

)

Simon Fraser
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In-situ Calibration — y+jet

& 1.00F S
o 0.95 = . j:._._.i.i.:‘t‘tO—' - =, 004_ T T T LI T T T T T T T
PE e E £ = ATLAS Preliminary LCW scale s=7Tev, [Ldt=47f"]
090F == = £ 0.035mpF Method TOTAL Data 2011 ]
E —o0— - Q C — .
0.85 ' - € 003 Stat. <12 3
= = > = -+- Photon energy scale - =
0-805_ L = 0.025 - Jet resolution 3
0.75E {TLAS Preliminary . = - ~=- Radiation: p’2 .
o7oE Vs=7 Tevj Ldt=471fb E 0.02 »- Radiation: A¢(y,jet) =
= LCW scale = - a- MC generator .
9
0.65 — Data2011 —_— 0.015 Photon purity E
= PYTHIA y+jet Mol <1.2 5 - . Pile-up ]
0.60 . = 0.01F | =
1.04E = - ]
1.03E = 0.005F B =
O 1.02E : = - ¥ e 7]
% 1.01E- ! E ob—— P R TR e S e 0 Y- M- T -
© 1.00 g—Hﬂ—F;T—g 30 405 100 200 300 B 1000
& ooac B e S T S p! [GeV]
0.97E- =
0.96 E_ 1 1 1 1 1 11 | 1 1 1 1 1 1 1 I_E
30 40 100 200 300 1000 . = - =
ol [GeV] The y+jet uncertainty is dominated by

photon purity at low pt, and the photon

The MC-based calibration is energy scale at high pt

off by 1-2% at ATLAS in 2011

TRIUMF
I
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n-dependence

ATLAS: n-intercalibration

CMS:

In-situ calibration using dijet events

CMS preliminary, 20 fb™ \s=8TeV

51 35 _\ T T T ‘ T T T T | T T T T | T T T ‘ T T T T I__
5 TF PF Jets
o 1.3F —— Dijet data —
81 o5k I Statistical Uncertainties E
= : B JES uncertainty, pT=100 GeV :
S 1.2 -
o E
B1.1
o
N 1
_I -

1.05F .

0.95E ! | 1 e

5

Simon Fraser

‘relative’ correction

Relative jet response, 1/¢

MC / data

1.2

1.1

1.05} -

0.95

0.9 ~

tral jet @ “‘H“y n 3
[ | barrel regio
i
|
|
j ‘ \
ye/ i ‘
Q | |
|

probe jet | %
@ “ “

- Use jets in the central region that have been calibrated by Z+jet and/or y+jet as a reference

S /

_I L | L | LI I LI | T

ATLAS Preliminary
L Anti-k, R = 0.4, EM+JES
L 40= pl® <55 GeV

I T T | L LI LI
Central reference method
—o— Data —o— Pythia

Matrix method
—=— Pythia

—— Data

0.9k
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Calibration at high-pt; multijet events %

n»r-=>»

Use calibrated jets at low pt to propagate the JES to larger pt.
You can bootstrap your way up to high pt.

: { | —;Leading|
Direct balance is used: ~ pp = 2

- Recoll |

|pT
MJB in data is compared to MJB in Monte Carlo.

TRIUMF
B
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Calibration at high-pt; multijet events %

Use calibrated jets at low pt to propagate the JES to larger pt.

You can bootstrap your way up to high pt.

- Leading |

Direct balance is used: g = 77

| ﬁTRecoll |

MJB in data is compared to MJB in Monte Carlo.

py Leading Jet

n»r-=>»

LA
‘.E‘( ‘\ py Recoil System
\(

\ N\
\
\ \

\ \
\ kil
\
\

Flavour Dependence of JES

- In-situ calibrations use Z/y+jet events =
=>» dominated by quark-induced jets

- Dijet events on the other hand are
dominated by gluon-induced jet
(more/softer particles)

- Uncertainties are determined by
varying MC (e.g. PYTHIA vs HERWIG)

TRIUMF
-+

Simon Fraser

ATLAS Preliminary —e— pyTHIA
012-_ Simulation
(s=7TeV S— HERWIG++
| anti-k; R=0.4 Jets
0-1,7 LCW+JES Calibration —B— PYTHIA Perugia2011 ]
Inl<0.8 4
0.08- B
0.06[*
L
0.04F N o f
i -
0.02[- T T ey .
I ﬂ':—_::_ ~ -y
O 1 1 1 - O _,_l—. ')_-_9_ #
30 10?2 2x10? 10°
pi™ [GeV]
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ly] < 1.3, anti-k_ 0.5
—— Gluon (CALO)

- —— Gluon (JPT) é
—— Gluon (PF) CMS ]
o —— Quark (PF) E
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. ¢ —= Quark (CALO) E
t ; P4 P
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I ’} ¥ B 1
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Heavy Flavour jets

- b-jets can contain muons & neutrinos =» yet another response
- Study the differences in Monte Carlo

No specific bJES
uncertainty needed

TRIUM

o
%S Sopms P

Simon Fraser

Jet Flavor Correction

1.05
1.04
1.03
1.02
1.01

0.99

0.98
0.97
0.96
0.95

CMS Simulation Preliminary ¥s=8 TeV
= L LD T T T G
— QCD Monte Carlo <+all —
- l <1.3 :?:lg 3
= Anti-kT R=0.5, Particle-Flow Jets ~ +9

= --uds

1 3 3 333l 1 a3 3331 1
20 30 100 200 1000 2000
Corrected Jet P (GeV)
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Heavy Flavour jets

- Vary the MC models to get the bJES uncertainty

o 1.1¢ ™ — ]
%} E PYTHIA MC11 1
51.08F PYTHIA Perugia 2011 tune .
& 5 HERWIG++ .
o 1.06f Additional dead material MC11
o E anti-k, R=0.4 true b-jets yl<2.5
©1.04
[] F ]
© [ ] ;\K‘\\ A
EV020 p —— ] | o
E e WL
Cogsr . e S
0.96} 1
0.94f
0.92-ATLAS Simulation
t Preliminary 1
O.g_ 1 1 T T | 1 L L 11
30 100 200 OOO
P [GeV]
2\0_05 T —— T ——
c [ Additional fractional b-JES uncertainty
E ] b-jet fragmentation
@ A Perugia 2011
8 0047 ) HERWIG++
3 i Additional dead material
5 I ATLAS Simulation
[}
g 0.03| Preliminary ]
I Extra uncertainty |
7] i . 7
0 0.02] for b-jets (= 1%) -
L n 4
2 )
o) L
5 0.01_|
ie; r
TR'UMF E O g TR P S—— — Li
L 100 1000

Simon Fraser

pe! [GeV]

- Use b-tagged jets in tthar events
to validate the Monte Carlo study:
- compare track jets to calo jets
- take the double-ratio data/MC
- compare b-jets & light jets

z — track
rtrk - et
PJT
R o <rtrk>Data R = R’”trk:bilet
'k — T R ; ;
I'trk ) MC Ik .Inclusive
% 1_27\ T T La—
8|8 [ —e— 2011 data/Pythia MC11 E
2 E>1'15 [ ] Total syst ]
2|5 Ns=7TeV [L dt=4.7 it” ]
vy anti-k, R20.4, Il < 1.2, MV1 70%
8 &1.0s| .
S R + +
Qo | = L
N :fé 17,7*7 ,,,,,,,
1
Vi 095k =
o C ]
0.9—ATLAS Preliminary =
0'85_‘ I I I ‘2 ‘ 2 ‘ 2_
60 70 80 9010 2¢10 3x10
Py [GeV]
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Uncertainties on JES - Tevatron

2

5 0.06

1]

L 0.04f5,
L

-E”'”fw D@ Runil
§0.12: i  Rcone = 0.5, r]jet=u'0" y+jet .
g 0.1 — Total
= “ I & E R S N A b Response
£ 0-08} --- Showering

: Offset

067 10 20 30 100 200
uncoIr
Jet

D@: <2% ;= 1% (20-200 GeV)

TRIUMF
]
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Uncertainties on absolute JES

0.05

0.045
0.04
0.035
0.03

0.025 |
0.02 |
0.015 |
0.0 s s
0.005 |

Quadratic sum of all contributions

Calorimeter simulation hadrons

------- Calorimeter simulation EM particles

= Fragmentation

Calorimeter stability

50 100 150 200 250 300 350 400 450 500
p_pln_article-jet (GeV/C)

CDF: =2.5% ; <2% at low pt
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Uncertainties on JES - LHC

Fractional JES uncertainty

o
—h
)

I
—e

0.08

0.06

0.04

0.02f

TRIUMF
i T

n=05

T T T I T 1 LI | T L]
i Anti-k, R = 0.4, EM+JES + in situ correction

" Data 2011| Vs = 7 Tev || L dt

1 T I Ll LI | L]
ATLAS Preliminary ]

=4.71"

[] Total uncertainty

= |Baseline in situ JES |

** Flav. composition, semileptonic ff decay

"""" Flav. response, semileptonic tt decay
-+ Pileup, average 2011 conditions

== Close-by jet, AR =07

III|IIJ.|J.IJ.|J

-n..

20 30 40 102

Simon Fraser

2><1o2 m 2¢10°

Py [GeV]

JEC uncertainty [%)]

—

O a N W & 00 OO0 NN 0 O O

MS preliminary, L = 19 fb™ \s =8TeV
T T f||| T T T LI

¥ Total uncertalnty ]
— Absolute scale
-+ Relative scale
-=- Extrapolation

= Pile-up, NPV=14
= Jet flavor (QCD)
- Time stability

chs, 1

- WII‘IIIIIIIII[WHI O

Anti-k, R=0.5 PFchs

LI{JllllllIJ|\\I\lllllll\ll‘lllllllll

I‘\IIIIIIIWIHIIIIIII

H;L fvia

00 200

- 0(2000
p; (GeV)

Pileup dominates at low pt
and is worse at 8 TeV
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Jet Resolution

a‘— 0.3 . T —

_ - ATLAS Preliminary Data 2011 15 =7 TaV -

T 025 &  EM+JES =

C y Ldt~45f" -

4  LCW+JES

a2 _‘_—. + Iy“”l <08 ]

-4 -

0.15— . . Iy el < 0B =

— ik —_

- [ ] -

b= & -

01— i * . =

= & i ™ . - .-

- anti-k; A =06 jals " N =

0.05 - Biseclor Method 4 & A

0f E

12 m LCWsES E

2 1F, . EN-JES R

T 0.8 [ " s . . =

0.6 - " . = "
0430 40 50 60 TOBO 100 200 300 400 500 1000

(p, #p, )2 (GeV)

Measured using dijet events

PF and LCW improve jet resolution significantly,
PF by using the better resolution of the tracker and
the ECAL, LCW by providing “software
compensation” for the calorimeter

TRIUMF
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EtMIss reconstruction

Missing transverse momentum (EMiss, ;) can indicate the presence of neutrinos or other

(new?) non-interacting particles.
It is calculated as the negative of the vectorial sum of all of the objects in the events

CMS: Three kinds of : 1) PF £, calculated from particle flow objects €
2) Calo ¢T: calculated from calorimeter clusters (noise threshold)
3) TC gT: Calo ﬁT corrected for tracks [—p(m) + p(track)]

ATLAS: Many variants of EMiss: calo-based or MET_RefFinal (uses reconstructed objects)

miss __ EmlSS,(f EmlSS,]/ EmISS,T EmlSS,JCtS The ccsoft” teI’m COI‘I'eSpOIldS tO

xy) — “x(y) x(y) x(y) x(y) : :
/ / . SoffTerm ni - clustered energy in the calori-
+ETS + BT

x(y) X(y) meter, but that is not part of a jet.

TRIUMF
g
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EtMiss - Pileup

- The jet and soft terms are the most affected by pileup:
large-area objects that are dominated by hadronic energy deposits
- Corrections can be made in various ways:

- as a function of Np,, and p
- as a function of object area
- using MVA algorithms (CMS-2012)

- As a general rule, pileup corrections improve the EMiss resolution,
but worsen the scale (by over-correcting the soft terms)

?5) ?5) Ldt=20 " ATLAS Preliminary
3V Vs=8TeV Iil 3%1512 Zg fp N V5= 8 TeV Iil Eﬂga;g 1 jp
. - .
% Wlth G ther £ Pileup O toar
Z pileup  EEwozz & suppressed Ve Z— Uu
, no real EMiss
. Ppons i . (except in bkgnd
1 . r‘l|: Rl
L AT L Hi*‘ I FOCesSses
'ﬁ,hﬂ' o I B i P )
1 _ O =
O ER= 3
= : = E
= ]
= T E
a e % 50 T00 50 200 250
ET*® pile-up suppression STVF [GeV]
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Projections Iin Z+jets Events

- U5 is the transverse momentum of the recoil
- U;, should balance the transverse momentum of the Z
- U, 1s a measure of the underlying event (<0)

10 ==

CMS preliminary 2012
T T T T T T T T

>
© —— data K| —=_
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o
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Projections in Z+jets Events

- U5 is the transverse momentum of the recoil - pr()
.
- U;, should balance the transverse momentum of the Z u| Ty
- U, is a measure of the underlying event (=0) UL L/\ Gr(2)
i e
- 10? ———t _ FhTSIPr?IiTiqarly291l2 — > 10?§| ————— ICI".I;IE'aIpriolir"nir:z'ar?f2|l2|1‘2 . pT(l )
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g e e
C ""*-"' ...I“‘l'l-“if."-l-..:l-l:l-l-_.‘._..:l— * *y
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EtMiss resolution

Particle Flow jets with two different pileup
suppression techniques.

CMS Prellmlnary 2012
|

Pileup suppression improves
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Summary

» Jets and EtMiss are crucial to most (all?) physics analyses; top in particular

* Pileup is a significant effect at the LHC

» Several approaches have been developed for jet reconstruction & calibration

* Residual corrections from in-situ techniques

« All four experiments have JES uncertainties at the 1-2% level (absolute calibration)
* Missing E; requires an understanding of the whole detector; well modeled

« Work continues to improve the situation even further

What I didn’t cover: - Large-R jets; boosted topologies
- ATLAS & CMS combined uncertainties (correlations)
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More information:
- ATLAS:

http://twiki.cern.ch/twiki/bin/view/AtlasPublic/JetEtmissPublicResults?redirectedfrom=AtlasPubli
c.JetEtMissPublicCollisionResults&redirectedfrom=Atlas.JetEtMissPublicCollisionResults

- CMS: http://cms.web.cern.ch/org/cms-papers-and-results under “Jet and Missing Energy”
- CDF: http://arxiv.org/abs/hep-ex/0510047
- DO: http://www-d0.fnal.gov/phys_id/jes/public_Runlla/

- Thanks to the colleagues at all four experiments
who contributed material and suggestions!!
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Combining CMS & ATLAS Results - Correlations

A working group has been formed. See (Kirschenmann, Doglioni, Malaescu):
https://indico.cern.ch/getFile.py/access?contribld=7&sessionld=1&resld=0&materialld=slides&confld=245769

The following areas were identified for further study of correlations between the experiments:

1) in-situ Z+jets: radiation suppression, out-of-cone bias, extrapolation to 4p=xr
2) in-situ y+jets: same, but add photon purity

3) Flavour response: JES variation with jet composition

4) bJES: JES variation with jet composition

5) High-pt: Homogenize the treatment of high-pt uncertainties

TRIUMF
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INn-situ Calibration-1

The Monte Carlo Is not perfect. Validate calibration using in-situ techniques:
Balance jet transverse momentum against that of a well-measured object (Z, v)

Two techniques: - @
+ pt-balance: balance the jet (but need OOC corrections) %
+ Missing Projection Frac_tlon (MPF): p A7 p
balance the whole hadronic recoil (no intrinsic EtMiss) Z
ij?t E'I]I'liss_—"}"fz w /(’A/¢
Rpalance = “yz and RMpr = 1+——5 wle
Pr (pT )

£-198 fb-! CMS preliminary 5 —_g Tev

MPF method does not depend on the jet algorithm to 15t order. £1os  ,7-30Gev |70 <13 a<03]
. A o ¢
It is also much less sensitive to (ISR, FSR, UE). > = +,‘ _______
However, it does not test how well the MC models the = 1_00_...‘..‘.:.%‘.; _______________________________________________________________________ T
out-of-cone correction. "
L \‘\
Z+]et good at low pt, where y+jet has low purity o ™
y+jet good at mid-pt where Z+jet runs out of events "
0.90} N
*  p, balance (MC) .
TRIUMF e p, balance (data) ¥
+ 8 *  MPF (MC)
s 0.85}| ® MPF (data)
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Calibration at high-pt; multijet events

Use calibrated jets at low pt to propagate the JES to larger pt.
You can bootstrap your way up to high pt.

py Leading Jet

: . | - Leddmg|
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| Recoil | o e
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Combination of in-situ techniques

nr»r-»

- Do a statistical combination of the in-situ methods as a function of p;
- Use a weighted average for the final result
- A different method dominates in different regions of p-
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Uncertainties on JES - LHC

TRIUMF

Fractional JES uncertainty

Fractional JES uncertainty

Simon Fraser
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Heavy Flavour jets

- b-jets can contain muons & neutrinos =» yet another response K\
- Use b-tagged jets in tthar events to test the Monte Carlo: )
- compare track jets to calo jets

ne»r-»

— track < R .
- Z rtrk)Data /I ik -b-jet
- take the double-ratio data/MC Fiek = pje[ Ry, = W R = R
- F 2 Itk .1Inclusive
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g
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Heavy Flavour jets

- b-jets can contain muons & neutrinos =» yet another response

- Use b-tagged jets in ttbar events to test the Monte Carlo:

- compare track jets to calo jets
- take the double-ratio data/MC

- compare b-jets & light jets
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