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bJES = b-Jet Energy Scale = Correction of b-jet energy applied after data acquisition
to compensate the imperfect calibration of the ATLAS detector and jet calibration procedure

BERT model was used in Run 1, consisting of a quark–
gluon string model and the Bertini intra-nuclear cascade
model. A description of the various models and a detailed
comparison between FTFP BERT and QGSP BERT can be
found in Ref. [34]. A parametrized simulation of the
ATLAS calorimeter called Atlfast-II (AFII) [32] is used
for faster MC production, and a dedicated MC-based
calibration is derived for AFII samples.
The data set used in this study consists of 3.2 fb−1 of

pp collisions collected by ATLAS between August and
December of 2015 with all subdetectors operational. The
LHC was operated at

ffiffiffi
s

p
¼ 13 TeV, with bunch crossing

intervals of 25 ns. The mean number of interactions per
bunch crossing was estimated through luminosity mea-
surements [35] to be on average hμi ¼ 13.7. The specific
trigger requirements and object selections vary among the
in situ analyses and are described in the relevant sections.

V. JET ENERGY SCALE CALIBRATION

Figure 1 presents an overview of the 2015 ATLAS
calibration scheme for EM-scale calorimeter jets. This
calibration restores the jet energy scale to that of truth jets
reconstructed at the particle-level energy scale. Each stage
of the calibration corrects the full four-momentum unless
otherwise stated, scaling the jet pT, energy, and mass.
First, the origin correction recalculates the four-

momentum of jets to point to the hard-scatter primary
vertex rather than the center of the detector, while keeping
the jet energy constant. This correction improves the η
resolution of jets, as measured from the difference between
reconstructed jets and truth jets in MC simulation. The η
resolution improves from roughly 0.06 to 0.045 at a jet pT
of 20 GeV and from 0.03 to below 0.006 above 200 GeV.
The origin correction procedure in 2015 is identical to that
used in the 2011 calibration [3].
Next, the pile-up correction removes the excess energy due

to in-time and out-of-time pile-up. It consists of two compo-
nents: an area-based pT density subtraction [15], applied at
the per-event level, and a residual correction derived from the

MC simulation, both detailed in Sec. VA. The absolute JES
calibration corrects the jet four-momentum to the particle-
level energy scale, as derived using truth jets in dijet MC
events, and is discussed in Sec.V B. Further improvements to
the reconstructed energy and related uncertainties are
achieved through the use of calorimeter,MS, and track-based
variables in the global sequential calibration, as discussed in
Sec. V C. Finally, a residual in situ calibration is applied to
correct jets in data using well-measured reference objects,
including photons,Z bosons, and calibrated jets, as discussed
in Sec. V D. The full treatment and reduction of the
systematic uncertainties are discussed in Sec. VI.

A. Pile-up corrections

The pile-up contribution to the JES in the 2015 data-
taking environment differs in several ways from Run 1. The
larger center-of-mass energy affects the jet pT dependence
on pile-up-sensitive variables, while the switch from 50 to
25 ns bunch spacing increases the amount of out-of-time
pile-up. In addition, the higher topo-clustering noise thresh-
olds alter the impact of pile-up on the JES. The pile-up
correction is therefore evaluated using updated MC sim-
ulations of the 2015 detector and beam conditions. The
pile-up correction in 2015 is derived using the same
methods developed in 2012 [4], summarized in the follow-
ing paragraphs.
First, an area-based method subtracts the per-event pile-

up contribution to the pT of each jet according to its area.
The pile-up contribution is calculated from the median pT
density ρ of jets in the η–ϕ plane. The calculation of ρ uses
only positive-energy topo-clusters with jηj < 2 that are
clustered using the kt algorithm [10,36] with radius
parameter R ¼ 0.4. The kt algorithm is chosen for its
sensitivity to soft radiation, and is only used in the area-
based method. The central jηj selection is necessitated by
the higher calorimeter occupancy in the forward region.
The pT density of each jet is taken to be pT=A, where the
area A of a jet is calculated using ghost association. In this
procedure, simulated ghost particles of infinitesimal
momentum are added uniformly in solid angle to the event

FIG. 1. Calibration stages for EM-scale jets. Other than the origin correction, each stage of the calibration is applied to the four-
momentum of the jet.
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b-jets play a leading role in many analyses
for instance main decay of the Higgs is H → bb
⇒ Need for a dedicated calibration of b-jet energy
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â Energy scale factor (α): E′
b = (1 + α)Eb, p′

T b = (1 + α)pT b

Compare reconstructed mqqb invariant mass distributions
t→ Wb→ qq ′b in Data and MC simulation to determine α

â Compute mqqb distribution for Data
â Create MC templates mqqb distribution shifting b-jet energy by:

(1 + αi)→ one mqqb distribution per value αi

E′MC
b (αi) = (1 + αi)E

MC
b , p′

T
MC
b (αi) = (1 + αi)pT

MC
b

â Compute χ2(αi) between MC template and (Pseudo-)Data using mqqb distributions
→ find minimum αmin of χ2(α) curve

â Determine statistical and systematic uncertainties: δαstat & δαsyst

NB: Shift of b-jet energy is performed in MC samples
but the final correction will be applied in Data

EData corrected
b = EData

b /(1 + αmin), pT
Data corrected
b = pT

Data
b /(1 + αmin)

NEW METHOD: bJES measurement using tt lepton+jets was never performed in ATLAS
⇒ Test procedure using Pseudo-Data then use Data

Previously: light jet calibration was used to calibrate b-jets
and uncertainties related to bJES were estimated from MC simulations
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MC templates for mqqb −mqq distribution &
Statistical error determination δαstat 4 / 6

Usemqqb −mqq instead ofmqqb to reduce sensitivity to light jet calibration
Shift of b-jet energy⇒ shift on the reconstructed mqqb −mqq
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∆χ2 = 1

δαstat. = max(δαl, δαr)

δαl δαr

χ2 → compare shifted MC template and (Pseudo-)Data

χ2(αi) =
∑

k

(Ok − Ek(αi))
2

Ok

=
∑

k

(NData
k −NMC

k (αi))
2

NData
k

χ2
min := χ2(αmin)

To increase precision on αmin ± δα
stat use penalized spline (≈ mix between fit and interpolation)

with smoothing parameter λ
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g
t

t

b

b

W+

W�

U

D

⌫ `

`�

at least 4 jets
exactly 2 b-tagged 

jets


exactly 1 lepton


pmiss
T

tt→ lepton+jets events
` = e, µ, U = u,c and D = d,s

â σ(tt→ X) = 832 pb
â BR(tt→ lepton+jets) = 44%
â Ntt→lepton+jets = BR × L× σ ≈ 51M events
â Good rejection of QCD hadronic background
â mW = 80.4 GeV
â mt = 172.5 GeV

Selection criteria
â plepton

T ≥ 40 GeV â pmiss
T ≥ 30 GeV â m

W
T + pmiss

T ≥ 60 GeV

â Exactly 4 jets:
• Exactly two light jets: q1 and q2

• Exactly 2 b-tagged jets: among the 2 b-tagged jets, select the b-jet such
that the invariant mass mq1q2b,min is the closest to the top quark mass:∣∣∣mt −mq1q2bmin

∣∣∣ = min
bk,k=1,2

∣∣∣mt −mq1q2bk

∣∣∣
â Additionally require:∣∣∣mW −mq1q2

∣∣∣ ≤ 50 GeV and 130 GeV ≤ mq1q2bmin
≤ 210 GeV
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Inclusive & Differential measurement in Data
Inclusive: αmin ± δαstat ± δαsyst = 0.94%± 0.10%±+2.10%

−1.81%
6 / 6

0 5 10 15 20 25 30

Seed

0.007

0.008

0.009

0.01

0.011

0.012

0.013

0.014m
in

α

)qq- m
qqb

(m
min

α

min
α

〉
min

αδ〈±〉
min

α〈ATLAS Work in progress
-1= 13 TeV, 139 fbs

)qq- m
qqb

(m
min

α

0.015−

0.01−

0.005−

0

0.005

0.01

0.015

n
o
m

m
in

α
- 

v
a
r

m
in

α

qq- m
qqb

for mnominal
min

α- variation
min

α

> 0α∆

< 0α∆

aM
C
at

N
LO

1

P
ow

he
g+

H
er

w
ig

7

2

0.
5 

G
eV

±
to

p

m

3

FS
R

4

JE
R

5

IS
R

6

b-
ta

gg
in

g 
b-

je
ts

 u
nc

er
t.

7

Je
t P

ile
up

8

Je
t E

ffe
ct

iv
e 

N
P

9

C
al

ib
ra

tio
n

η
Je

t 

10

Je
t F

la
vo

r C
om

po
si
tio

n

11

Rµ

S
ca

le
 

12

Je
t F

la
vo

r R
es

po
ns

e

13

b-
ta

gg
in

g 
c-

je
ts

 u
nc

er
t.

14

b-
ta

gg
in

g 
lig

ht
-je

ts
 u

nc
er

t.

15

P
D
F 

se
ts

16

Fµ

S
ca

le
 

17

M
U
O

N
 E

FF
 T

rig
S
ys

tU
nc

er
ta

in
ty

18

M
U
O

N
 E

FF
 T

rig
S
ta

tU
nc

er
ta

in
ty

19

M
E
TT

rig
To

p

20

M
E
TT

rig
Z

21

M
E
TT

rig
S
ta

t

22

Je
t P

un
ch

Th
ro

ug
h 

M
C
16

23

M
E
TT

rig
S
um

pt

24

Je
t S

in
gl

eP
ar

tic
le

 H
ig

hP
t

25

> 0α∆

< 0α∆ATLAS Work in progress
-1= 13 TeV, 139 fbs

qq- m
qqb

for mnominal
min

α- variation
min

α

50 100 150 200 250 300 350 400 450 500

[GeV]b

T
p

0.01−

0

0.01

0.02

0.03

0.04

0.05

0.06

0.07

m
in

α

qq- mqqbfor mtot
αδand 

syst
αδ), b

T
(pminα

ATLAS Work in progress
-1= 13 TeV, 139 fbs

qq- mqqbfor mtot
αδand 

syst
αδ), b

T
(pminα

qq- mqqbfor mtot
αδd

min
α

syst
αδ

tot
αδ

ATLAS Work in progress
-1= 13 TeV, 139 fbs

qq- mqqbfor mtot
αδd â Main systematic uncertainties are related

to modelling and top mass uncertainties
â Inclusive and differential measurement

are in agreement
â Good precision on the energy scale factor
â First time in situ b-jet energy scale factor

is measured in Data
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