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b-Jet energy scale 2/19
Jet = Cone of hadrons and other particles produced by the hadronization of a quark or gluon

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
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Event display: H(— bb) + Z(— e e~), ATLAS Collaboration

b-jets play a leading role in many analyses
e.g. main decay of the Higgs is H — bb
=> Need for a dedicated calibration of b-jet energy

Romain Bouquet APC - LPNHE - Paris in.bouquet@cern.ch


https://en.wikipedia.org/wiki/B-tagging
https://cds.cern.ch/record/2636049
mailto:romain.bouquet@cern.ch

Looking for events with b jets. ..
LHC = "top factory" — tt events

(LHCRun 2, /s = 13TeV, £L = 139 b~ ')

W+
!

q

> BR(t — Wb) ~ 100%
> o(tt — X) = 832 pb
[Particle Data Group]

> Use my, invariant
mass to calibrate b-jet
energy
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Energy scale factor @ & Template method

> Energy scale factor (o): E', = (1 + )E,, Py = (1 +a)pry

Compare reconstructed m,,;, invariant mass distributions ‘

t — Wb — ¢¢'b in Data and MC simulation to determine o q
> Compute m,,, distribution for Data W /
> Create MC templates m,,;, distribution shifting b-jet energy by: q

(1 + a;) — one m,,, distribution per value «;

E/II:/IC(OH) =1+ ai)Eg’[C7 p/TI;AC(ai) =1+ Oéi)pTII:/[C

> Compute X2 (a;) between MC template and (Pseudo-)Data using m,, distributions
— find minimum o, of x*(c) curve
> Determine statistical and systematic uncertainties: 6o & 6o

NB: MC samples are taken as reference to correct data:
the final correction will be applied in Data

Data corrected Data Data corrected Data
Eb = Eb /(1 + amin)7 Pty = Pryp /(1 + amin)

NEW MEASUREMENT: bJES was previously assumed to be equal to the light jet calibration
+ uncertainties extracted from MC simulations

bJES measurement using ¢ lepton-+jets was never performed in ATLAS
= Test procedure using Pseudo-Data then use Data

Romain Bouquet APC - LPNHE - Paris in.bouquet@cern.ch
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MC templates for m,,, — m,, distribution &

stat

Statistical error determination d«

Use m 4 — My, instead of m g4, to reduce sensitivity to light jet calibration
Shift of b-jet energy = Shift of the m,,,, — m,, distribution

Magb = Mag
T
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X2 — compare shifted MC template and (Pseudo-)Data

QU T [ T T T T T T

Qmin

2 Data MC 2
Xz(ai) — z w — Z (N — Ny ()

O . N]?ata

k k

2 2
Xmin ‘= X (amin)
To increase precision on oy, & 6™ use penalized spline (= mix between fit and interpolation)
with smoothing parameter A
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tt — lepton-+jets event and jet selections for t — Wb — ¢q’b 6/19

at least 4 jets

o(tt — X) =832 pb

BR(t — lepton+jets) = 44%

Nii_steptonsjes = BR X £ X 0 = 51M events
Good rejection of QCD hadronic background
my = 80.4 GeV

my = 172.5 GeV

exactly
2 b-tagged jets

7
tt — lepton+jets events
{=e,u,U=u,candD =d,s
Selection criteria
> pePton > 40 GeV > Ep™ > 30 GeV > my+Ep™ > 60GeV

@
8
&
g
g
VY YV VY

> Exactly 4 jets:
o Exactly two light jets: ¢; and ¢,
o Exactly 2 b-tagged jets: among the 2 b-tagged jets, select the b-jet such
that the invariant mass mg g pmin is the closest to the top quark mass:

‘mt — min ’mt —

Mayapbmin | =, 1 M, a50,
> Additionally require:
[ =g, 530GV and 130 GeV < my g, < 210GeV
112 192%min
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tt lepton+jets main sources of contamination 7/19

> tt dilepton events:

> Single top events (t-channel, s-channel, Wt)

b t

q q
Single top t-channel and s-channel contributions are negligble
= only consider ¢t dilepton and single top W¢ contamination
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m,, distribution: Data vs Nominal MC sample
with no bJES corrections

I”ﬂqqg

(Run 2, v/s = 13TeV, £ = 139fb™ 1)

%] UL L
qc) ATLAS  Work in Progress
Tt Vs=13Tev, 139 b
P
O
g 1 M\‘\%&m\\m
a 0.9k
65 100 105 LO

Mygb = Mgq [GeV]

Romain Bouquet APC - LPNHE - Paris romain.bouquet@cern.ch


mailto:romain.bouquet@cern.ch

Inclusive measurement in Data:

inal stat .
Omm £ 6™ for Nominal FS m,,, — m,,

(OP spline)

FS) min (F
Xz(m‘mb - mqq) amin(mqqn - mqq) 3
’8\ ET T T J[—seed= £ 0. 014l T T T T + m
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Systematic uncertainties

'systematic ‘nominal
*min “min
t ti i
Compute §a™* = a¥5ematic _ gromnal

using o2 (ES) or o"m™! (AFII) whether the systematic is FS or AFII samples
Total of 296 uncertainties
> 219 Alternative weights including :
FS: b-tagging , scale up & up, ISR, FSR...
FS: PDF sets (PDF4LHC) compare results of alternative PDF sets (90901 —90930)
to the nominal PDF set (90900)
AFII: RadHigh (ISR uncertainty)1 T SN0, 0~ 0ot | T 0,0

zf(z,Q%)

af(x, Q%)

U 1

0.8

08 |
0.6 0.6 |
0.4 0.4 F

b 0.2

0.2 F

- 0 =
¢ 0.0001  0.001

L L 0 T L
0.01 0.1 1 0.0001  0.001 0.01 0.1 1
x v

Parton distribution function uncertainties
Harland-Lang, L. A. and Martin, A. D. and
Motylinski, P. and Thorne, R. S.
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Systematic uncertainties

'systematic ‘nominal
“min — Cmin

> 72 Detector systematics including (FS) :
JER, NP Detector, NP Statistical, NP Modelling, Eta calibration, PileUp ...
> 2 MC Event generators uncertainties (AFII) symmetrization of error as it is one sided systematics
5™ (symmetrized) = +6a™" (one sided):
parton shower modelling (use alternative shower, Powheg+Herwig7) &
matrix elements computation (use alternative generator, aMCatNLO)

ol
T "W; W

Sketch MC event generation, Stefan Hoche

> 2 top mass variated samples (AFIL, m}™™! + 0.5 GeV, m}*™™! = 172.5GeV):
Migp = 172.0 GeV and 173.0 GeV

Romain Bouquet APC - LPNHE - Pari romain.bouquet@cern.ch
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Mg — My, distribution Data vs Nominal MC sample

before and after b-JES corrections

Mago ~ Maq Mggo ~ Maq
m T T T T T 2 T T T T T T
S ATLAS  Work in Progress S ATLAS  Work in Progress
& Vs=13Tev, 139 fb™ & Vs=13Tev, 139 fb™
z z
g g '
2 w\\ N W W 2 W
8 W\“\“ 5 “@\\\&%\
100 105 110 100 105 110
Mygp - Meq [GEV] Mygp - Meq [GEV]

EEata corrected _ E(I))ata/(l + amin)7 pT]b)ata corrected =pr Data/(l 4 amm)

Upin £ 00" £ 5™ = 0.93% + 0.10% + 2020
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Differential measurement w.r.t p} 14/19

syst
Uin(P2), 80™> and 8a™ for myy, - mgq
£ 0.07 T Py
N ATLAS  Work in Progress m's"s
S Vs = 13 TeV, 139 b Naa®
Daawi
\
N\ S

50 100 150 200 250 300 350 400 450 500
pT [GeV]

> Main systematic uncertainties are related to modelling and top mass uncertainties
> Inclusive and differential measurement are in agreement
> Good precision on the energy scale factor

Romain Bouquet APC - LPNHE - Pari romain.bouquet@cern.ch


mailto:romain.bouquet@cern.ch

Mg — My, distribution Data vs Nominal MC sample
before and after b-JES corrections

for p) € [30,50) GeV

Mago ~ Mag Mago ~ Maq
‘@ T T T T T ® Data ﬂ T T T T T T
S ATLAS  Work in Progress M leptiets 8 ATLAS  Work in Progress
& Vs=13Tev, 139 fb™ W dilep & Vs=13Tev, 139 fb™*
z [ z
g g
g \ M\x‘\\%‘w&x&\&\%\ g W W\
g *D;, %\
100 105 110 100 105 110
My, - Mgq [GEV] mqu my, [GeV]
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NEvents

Data/MC

Mg — My, distribution Data vs Nominal MC sample

before and after b-JES corrections

for p € [100, 130) GeV

Mygp = Maq
T

m

qab = Mag
T

T
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Mygp = Meq [GEV]
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NEvents

Data/MC

’I”Iqub

— my,, distribution Data vs Nominal MC sample

before and after b-JES corrections

for p € [250, 500) GeV

Maqp = Mag Magp ~ Mag
T T T T T o Daa 0 T T T
ATLAS Work in Progress € lep+iets g ATLAS Work in Progress
Vs=13Tev, 130 fb™* e & Vs=13Tev, 130 fb™*
| dilep b4
0

) 14 N

s 1 2 \

£

N © @ w i
0.
105 110 e % 105 110

Mygp = Meq [GEV] mqu my, [GeV]

Correction less visible in high pr-regions
because the bJES corrections are closer to 0 when pl} increases
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A word from yesterday night. .. 18/19

Wanted to share those results with my oysters colleagues
from La Rochelle...

Romain Bouquet APC - LPNHE - Paris romain.bouquet@cern.ch
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Conclusion 19/19

\

First time b-jet energy scale factor is measured in Data

Y

Energy correction of the order of 1% with a total uncertainty of the order of 2%

Y

Differential measurement in 1 dimension w.r.t p7 as more variations are expected
compared to n

> Improvement of the MC vs Data agreement after aplying bJES corrections in Data
especially in low pr-regions

Thanks for your attention!
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b-JES corrections. .. link with oyster

Mago ~ Mag
T T T T
TLAS  Workin Progress

3TeV, 139 b

Mago ~ Maq
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Lot of work...

... for a small result
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The Large Hadron collider

Gran Sasso

Julie Haffner

27 km of circumference

pp collisions at v/s = 7,8, 13 TeV (but not only. .. sometimes Pb — Pb collisions)
Bunch crossing every 25 ns

(1) = 30 inelastic collisions per bunch crossing

YYVYYVYY

4 main detectors:
o ATLAS & CMS: general purpose detectors to precisely study the SM
o LHCb: studies differences between matter and antimatter with bottom and charm
hadrons
e ALICE: heavy-ion collisions and properties of the quark-gluon plasma produced
in those collisions

Romain Bouquet APC - LPNHE - Paris romain.bouquet@cern.ch
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The ATLAS detector and its coordinates system

44m

Muon chambers  Solenoid magnet ’ Transiion radiation fracker
Semiconductor fracker

Joao Pequenao

beam 2

LHCb

ATLAS

beam 1

ALICE beam 1

> Transverse momentum pp = pi + pf, > Pseudorapidity n = — In(tan(6/2))

Romain Bouquet APC - LPNHE - Paris romain.bouquet@cern.ch
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Main top-quark pair (¢¢) production processes at the LHC

g t
g t I q t
g g
g t g t q t
(a) gluon-gluon fusion (b) gluon-gluon fusion (c) quark-antiquark
(s-channel) (t-channel) annihilation
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ATLAS Jet calibration

. . . et area-based pile- Residual pile-u
EM-scale jets Origin correction ) s plsy
up)correction correction
Jet finding applied to Changes the jet direction Applied as a function of Removes residual pile-up
topological clusters at to point to the hard-scatter event pile-up pr density dependence, as a
the EM scale. vertex. Does not affect E. and jet area. function of u and Npv.

Absolute MC-based
calibration

Residual in situ
calibration

Global sequential
calibration

Corrects jet -momentum  Reduces flavor dependence A residual calibration

to the particle-level energy  and energy leakage effects is derived using in situ
scale. Both the energy and using calorimeter, track, and measurements and is
direction are calibrated. muon-segment variables. applied only to data.

ATLAS Collaboration
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Top quark mass measurements by ATLAS and CMS

ATLAS+CMS Preliminary My, SUmmary, Vs = 7-13 TeV  April 2021
LHCtopwG
------- World comb. (Mar 2014) [2]
stat total stat
total uncertainty M,  total (stat  syst) s Ref
LHC comb. (Sep 2013) LHctopwa 173.29 +0.95 (0.35 + 0.88) 7 TeV 1]
World comb. (Mar 2014) 173.34 +0.76 (0.36 + 0.67) 1.96-7 TeV [2]
ATLAS, l+jets 172.33 +1.27 (0.75 + 1.02) 7Tev [3]
ATLAS, dilepton 173.79 + 1.41 (0.54 + 1.30) 7Tev 3]
ATLAS, all jets 1751 1.8 (1.4£1.2) 7TeV [4]
ATLAS, single top 172.2+2.1(0.7£20) 8TeV [5]
ATLAS, dilepton 172.99 + 0.85 (0.41+ 0.74) 8TeV [6]
ATLAS, all jets 173.72 +1.15 (0.55 + 1.01) 8TeVv [7]
|_ATLAS, I+ 172.08 + 0.91 (0.39 + 0.82) 8Tev gl
ATLAS comb. (Oct 2018) 172.69 +0.48 (0.25 + 0.41) 7+8 TeV [8]
ATLAS, leptonic invariant mass (*) 174.48 +0.78 (0.40 + 0.67) 13 TeV [9]
CMS, I+jets 173.49 + 1.06 (0.43 £ 0.97) 7TeV [10]
CMS, dilepton 172,50 + 152 (0.43 + 1.46) 7Tev [11]
CMS, all jets 173.49 + 1.41 (0.69 + 1.23) 7TeV [12]
CMS, I+jets 172.35 + 0.51 (0.16 + 0.48) 8TeV [13]
CMS, dilepton 172.82+1.23 (019 1.22) 8Tev [13]
CMS, all jets 172.32 +0.64 (0.25 + 0.59) 8TeV [13]
CMS, single to| 172.95 + 1.22 (0.77 + 0.95) 8 Tev [14]
CMS comb. (Sep 2015) 172.44 +0.48 (013 +047) 7+8 TeV [13]
L THjets 172.25 % 0.63 (0.08 * 0.62) 13 Tev [15]
CMS, dilepton 172.33 +0.70 (0.14 + 0.69) 13Tev [16]
CMS, all jets 172.34 + 0.73 (0.20 + 0.70) 13 TeV [17]
CMS, single top (*) 172.13 £ 0.77 (0.32 £ 0.70) 13TeV [18]
4 P00 o 110 (13093 2016) 072004
* Preliminary )
61PLB 761 (2016) 350 Tor-19008
T B Ll ‘ | T | 1
165 170 175 180

Myp [GeV]
LHC Top Physics Working Group

romart
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pr-regions: details

pé’« regions Mgqp — Mgq NUmMber of bins | my gy, — my, bounds

[30,50) GeV 25 [65,110] GeV

[50,75) GeV 25 [65,110] GeV
[75,100) GeV 20 [70,110] GeV
[100,130) GeV 20 [75,110] GeV
[130,160) GeV 20 [75,110] GeV
[160,200) GeV 20 [80,110] GeV
[200, 250) GeV 15 [80,110] GeV
[250,500) GeV 10 [80,110] GeV

Table: m g4, — My, distribution: number of bins and bounds depending on the pr-region

> For the inclusive measurement 25 bins with bounds = [65, 110] GeV for the m
distribution

qqgb — Mygqq

> Reasonably large enough pl}—regions
> Low number of bins to avoid bin fluctuations

> The bounds of the m , — m,, distribution are chosen so that the peak position is
centered and both side on the left and right of the peak have roughly the same importance
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Mg — My, distribution Data vs Nominal MC sample
before and after b-JES corrections

for p) € [30,50) GeV

Mago ~ Mag Mago ~ Maq
‘@ T T T T T ® Data ﬂ T T T T T T
S ATLAS  Work in Progress M leptiets 8 ATLAS  Work in Progress
& Vs=13Tev, 139 fb™ W dilep & Vs=13Tev, 139 fb™*
z [ z
g g
g \ M\x‘\\%‘w&x&\&\%\ g W W\
g *D;, %\
100 105 110 100 105 110
My, - Mgq [GEV] mqu my, [GeV]
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Mg — My, distribution Data vs Nominal MC sample
before and after b-JES corrections

for pf € [50,75) GeV

Mago ~ Mag Mago ~ Maq
Ju) T T T T T ® Dain @ 5000 T T T T T T T T
S 4500FATLAS Work in Progress q 8 ATLAS Work in Progress
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z z
] 0 (]
s \ \ s \
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100 105 110 100 105 110
mlwb mg, [GeV] mqu my, [GeV]
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Mg — My, distribution Data vs Nominal MC sample
before and after b-JES corrections
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