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Performance of heavy-flavour jet identification in boosted topologies in CMS 13 TeV data
) [
Boosted heavy-flavour jet tagging

—> Boosted topologies are crucial in LHC physics A simulated Z(v7)H(bb) events in CMS
program

7/

% highly Lorentz-boosted resonance
= decay products are collimated

Boson _ Boson | < % AR ~

more Lorentz-boosted

4

- Tagging the heavy resonance X to bb/cc decay is
an important technique for Higgs and BSM
resonance search

% algorithms developed in CMS during Run 2:

»  ParticleNet-MD, DeepDoubleX, DeepAK8-MD,
double-b

% calibrating the algorithm from data is a necessary
step for physics measurements
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) [
Boosted heavy-flavour jet tagging

—> Boosted topologies are crucial in LHC physics A simulated Z(v7)H(bb) events in CMS
program

7/

% highly Lorentz-boosted resonance
= decay products are collimated

Boson _ Boson | < % AR ~

more Lorentz-boosted

4
- Tagging the heavy resonance X to bb/cc decay is
animporte=*tobhnin s £ llimms o MYV

resonance

% algorith

. parti * Introduce the X>bb/cc taggers developed in CMS Run 2
douk  » Highlight their performance on simulated jets

2 calibrati » Summarise and benchmark three calibration methods Based on
step for CMS-PAS-BTV-22-001
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Performance of heavy-flavour jet identification in boosted topologies in CMS 13 TeV data
X-bb/cc : Parti
>bb/cc taggers: ParticleNet-MD

ParticleNet-MD

CMS-DP-2020-002

top jet image as a “point cloud”
H. Qu, L. Gouskos, PRD

101, 056019 (2020)

=> Based on ParticleNet architecture

< view jet as a point cloud s ®
% local convolutional for message passing between . 4
neighbouring particles (EdgeConv)
% input: particle-flow (PF) candidate (i.e. jet e \/ Eagecony \/‘
constituents) + secondary vertex (SV) features / \. ,//' \. '-D ®
»
EdgeConv operation

See full architecture in backup
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X->bb/cc taggers: ParticleNet-MD

ParticleNet-MD

CMS-DP-2020-002

top jet image as a “point cloud”

. . H. Qu, L. Gouskos, PRD
=> Based on ParticleNet architecture "~ "0 500

R/

% view jet as a point cloud « o
@
% local convolutional for message passing between @
neighbouring particles (EdgeConv)
< input: particle-flow (PF) candidate (i.e. jet SR T NV b
constituents) + secondary vertex (SV) features ) ,//.\- .//'\. L @
jia . Ji1 Jid ‘? Yis % ¢ o

-> The mass-decorrelated (MD) version

Y/

< trained on X->bb/cé/qq signal and QCD
background with flat and identical mass spectra

EdgeConv operation

See full architecture in backup

Define discriminants:

bbvsQCD = — % = Bb)
p(X — bb) + p(QCD)
ccvsQCD = P& = ¢©)

p(X — cC) + p(QCD)
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X-bb/cc : Parti
>bb/cc taggers: ParticleNet-MD

ParticleNet-MD

CMS-DP-2020-002

top jet image as a “point cloud”
H. Qu, L. Gouskos, PRD

101, 056019 (2020)

=> Based on ParticleNet architecture

% view iet as a noint cloud » o
A Boosted HH->4b search
VH->cc search S |
) tep! Ziep e B PRL 131 (2023) 041803
(merged region) < O « <
arXiv:2205.05550, : B . A

i -
- . VS 3
L0 O
10 . . .
2
3
2

accepted by PRL . Bé
By 9%

« With merged+resolved region combined,
achieve most stringent direct limit on kc: 1.1 < |k| <5.5

-1
(13 TeV) e AR 13 TOY)
—e— Observed ~ ----- Median expected

: CMS
i CMS DeepAK15 B 68% expected

----- 95% expected

o 8 g &
1 . . .
10 . oo ..

0? o First time excluding koy=0

[ Simulation —— ParticleNet
'E antik R=15jets
- p, > 300 GeV, hl <2.4

Combined
Expected 7.60
Observed 14.4

Boosted X>YH-»>4b_ cvms
search

138 fb~' (13 TeV)
R B IS R

——- Observed for NMSSM
—— Observed for TRSM

Merged-jet
Expected 8.75
Observed 16.9

Background efficiency

My[GeV

107

_____
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on a(pp — X —» YH — bbbb) [fb]

Resolved-jet
Expected 19.0
Observed 13.9

o
ot
o

oL
Expected 12.6

102
T Observed 18.3

PLB 842 (2023)
137392

----- C b 1L
H—>cC vs. H—bb Expected 11.5

— H—cC vs. V+jets Observed 19.1

N R BRI R 2L

0 0.2 0.4 06 0.8 1 obected 14

Signal efficiency 0

95% CL limit on Mot = ey

Observed exclusion limits at 95% CL
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Performance of heavy-flavour jet identification in boosted topologies in CMS 13 TeV data
o~ L
X->bb/cc taggers: DeepDoubleX

DeepDoubleX
CMS-DP-2022-041

-> DeepDoubleX:
% architecture: 1D CNN + RNN (with gated recurrent units, GRU)

7/

% inputs: PF candidates + SV + jet global features

% irrelevant features pruned using layer-wise relevance ; l ioved b
: Mass decorrelation achieve
propagation > . y
training on signal and
=> Train three binary networks: background jets with uniform
p = p - distribution
% X->bbvs.QCD (BvL), X>cc vs. QCD (CvL), X~>bb vs. X>cc (CvB)
% studied tagger: BvL and CvL ooy CMS Simulation Prelminary ____ (13 Te)
S kLo oy Misidentication rate QCD
: ; — No tagging applied
3 o — - Misid. = 10.0%, Dys ~ 05 |
. ConvilD GRU 5, -~ Misid. = 5.0%, Dys ~ 0.5 |
Charged PF candidates __ —_— —_— > (3 - Misid. = 2.0% Dy ~09 ]
icles x . 2 layers (32+32) 1 layer (50) = | ich = 20%, |
607 particles x 30 features H Dig;;sunm Droz);zrt=0.1 ‘Ego‘oz— AQA‘ ...... Misid. = 1.0%, Dys ~ 1.5
o [ A
, ConviD GRU Output o
Neutral PF candidates
1007 particles x 10 features - H 2 D/c:g;:)su(t-?:z?lz) - Dlr O/Z);zft (=53)1 —> Dense (SZO;ZZZS() 0.01}-
1layer (100)
. ConvlD GRU Dropout = 0.1 o T R T R N U A R R R
s, M ey | — (R e ? o
Dropout = 0.1 Dropout = 0.1 Zc vs light e \‘“
ccvs bb ?:, 0.000 ooz _
Expert (jet-level) 8 o0 ! ! ! ! ! ! | | i
1pjetx2]7features > ﬁ 20 I 40 ‘ 60 ‘ 80 ‘ 100 ‘ 120 I 140 ‘ 16(r)‘nISD1T:0Gle\/2iJ0

CMS-DP-2022-041
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o~ L
X->bb/cc taggers: DeepDoubleX

DeepDoubleX
CMS-DP-2022-041

-> DeepDoubleX:
% architecture: 1D CNN + RNN (with gated recurrent units, GRU)

A‘A :nv\ll-l-n- nNnr AAHA:AAJ-AA 1 C\[/I :f\-l- f'l’\lﬂ\ﬂl -CAAJ-llvt\ﬁ

ggH->cc search Ty Boosted H-»>bb via VBF & ggF

o
arXiv:2211.14181, N B See Jennet’s talk
accepted by PRL ecoil R ,
pted b) s tomorrow ¢

(boosted region) 4 : CMS-PAS-HIG-21-020 -
\\’
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Performance of heavy-flavour jet identification in boosted topologies in CMS 13 TeV data
o~ L
X->bb/cc taggers: DeepAK8-MD & double-b

DeepAKS8-MD double-b
JINST 13 (2018) P05011

JINST 15 (2020) PO6005 b e

early Run-2 development

—> DeepAK8-MD: Nominal DeepAKS8
¢ architecture: 1D CNN Feature extractor Classifier
< inputs: same with ParticleNet-MD ¥ — L
% classes: t/H/Z/W with dedicated final states \ oss precico
% mass decorrelation: achieved by i o

.
.
L we
..........
____________
----------------------

adversarial training e
Define discriminants:

p(H = bb) + p(Z — bb)

p(H — bb) + p(Z — bb) + p(QCD)
p(H — ¢C) + p(Z — ¢0)

p(H — c¢) + p(Z — c¢) + p(QCD)

bbvsQCD =

ccvsQCD =
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o~ L
X->bb/cc taggers: DeepAK8-MD & double-b

DeepAKS8-MD double-b
JINST 13 (2018) P05011

JINST 15 (2020) PO6005 b e

early Run-2 development

—> DeepAKS8-MD: Nominal DeepAK8

R/
%

arc h ite CtLI Fe: l D C N N Feature extractor Classifier

inputs: same with ParticleNet-MD M* — s
classes: t/H/Z/W with dedicated final states \ A

mass decorrelation: achieved by

adversarial training —
Define discriminants:
p(H — bb) +p(Z — bb)
-> double-b: bbvsQCD = p(H — bb) + p(Z — bb) + p(QCD)

< aBDT for distinguishing H>bb and QCD jets B p(H = ¢t) + p(Z - cT)
ccvsQCD = — ~
p(H — cC) + p(Z — ) + p(QCD)

N/
%*

/7
%?

Loss
Lmp

Mass
prediction

/
0‘0

% inputs: jet variables constructed from
tracks and SVs

% mass decorrelation: by choosing input with
weak correlation on pr and mass
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Tagger discriminants spectra

CMS Simulation Preliminary (13 TeV) CMS Simulation Preliminary (13 TeV)
— 1 1 T I : — 1 T T T
- [ . _ 1 - i . _ 1
< - AKS jets — H-bb < - AKS jets — H-bb
| pr>450GeV, Inl <2.4 — Hoct | | pr>450GeV, Inl <2.4 — Hoct
10°F -~ QCDbb E 10°F -~ QCDbb
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CMS Simulation Preliminary (13 TeV) CMS Simulation Preliminary (13 TeV)
: L B B I : — T 1 T T I
- i . _ i o i . — i
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(0] I _] (o] I
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. Signal: H->bb,

H->cc jets from ggH
« BKG: QCD jets

number of ghost-
matched b and ¢
hadrons:

More taggers in backup
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) ° )
Tagger discriminants spectra

=
<
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CMS Simulation Preliminary (13 TeV)
I L A
- AKS jets — H-bb
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A.U.
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DeepDoubleX
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L ‘ L
0.6

! | ! !
0.8

1.0

ParticleNet-MD bbvsQCD

CMS SiTu/atjoq Ii"re(in?ingr}‘/ __ (3Tey)
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0.2
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T R
0.6

1.0

DeepDoubleBvL

A.U.

CMS Simulation Preliminary (13 TeV)
' B L B
- AKS jets — H-bb
| pr>450GeV, Inl <2.4 — Hoct MEF
ol e
10 - ---- QCD bb ﬂP
il QCD cc
I QCD inclusiv
1071} |
1072}
3L ey
1920 0.2 0.4 0.6 0.8 1.0
ParticleNet-MD ccvsQCD
CMS Simulation Preliminary (13 TeV)
' B L B
- AKS jets — H-bb
| pr>450GeV, Inl<2.4 —  Hoco
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*TH- *
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DeepDoubleCvL
BOOST 2023

CMS-PAS-BTV-22-001
. Signal: H->bb,

H->cc jets from ggH
« BKG: QCD jets

number of ghost-
matched b and ¢
hadrons:

Determine working points
(WPs) based on H»>bb,
H-cc jets efficiency

. HP  MP LP
disc. high  medium low

purity purity purity

X>bb 40% 60% 80%

X>cc 15% 30% 50%

More taggers in backup
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Performance on simulation

Low pr: (450, 600) GeV, similar performance for high pr (see backup)

, CMS Simulation Preliminary (13 TeV)
> 0171 71 >
2 - H— bbvs QCD o
2 i Q
S - 450 < pt <600 GeV, Inl <2.4 O
b [ 90 <mgp < 140 GeV / e
o 1 / ()
o 107F i
c - -
- n >
o [ O
(@) (@)
X i X
& 102 &
m 97F m
10731 "" . -
- . — ParticleNet-MD bbvsQCD
i — DeepDoubleBvL i
I DeepAK8-MD bbvsQCD 1
i double-b |
10—4 L L L L | L L L | L L L
0.0 0.2 0.4 0.6 0.8 1.0
Signal efficiency
ROC comparison on H>bb (cC) jets vs. inclusive QCD
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<
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'

1073}

1 1 1

[
H—- ccvs QCD

450 < pr <600 GeV, Inl <2.4 -
90 < mgp < 140 GeV 1

—— ParticleNet-MD ccvsQCD
— DeepDoubleCvL ]
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| | | | | | | | | | | | | | | | |

0.6 0.8 1.0
Signal efficiency
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) o
Performance on simulation

Low pr: (450, 600) GeV, similar performance for high pr (see backup)

CMS-PAS-BTV-22-001

100 CMS Simulation Preliminary (13 TeV) [0 CMS Simulation Preliminary (13 TeV)
> L L R ] > L B A B A A I
= - H— bbvs QCD o H - cc vs QCD /
-%) | 450 < pr <600 GeV, Inl < 2.4 -% 450 < pr < 600 GeV, Inl < 2.4 ]
= - 90 < mgp < 140 GeV = 90 < mgp < 140 GeV 1
O O
5 ®) 10! = o 1071} B
C B - ]
> - 35 ]
o o :
) )
4 i ~ 4
& 1g-2 8 192
m 197F m 197F E
1031 10731 <§s

- —— ParticleNet-MD bbvsQCD

i — DeepDoubleBvL i Remarks.

i DeepAK8-MD bbvsQCD 1 I

- / double-b 1 i « The DNN-based network

0 s 7T 05 o085 10 1035 —5 - outperforms BDT (benefits of
Signal efficiency low-level features)
. > DeepDoubleX
9 .

ROC comparison on H->bb (cc) jets vs. inclusive QCD ' ,
reflects advancement made in

NN architecture
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Three calibration methods

> sfBDT method
»  u-tagged method
> boosted Z method
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L
sfBDT method: key concept

The general idea is to select jets
b(c) from QCD events as the proxy of H>bb/cé¢
g b(©)

derive scale factor (SF) ]
then used as SF for H>bb/cc jets

b(c)

g b(c)
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L
sfBDT method: key concept

The general idea is to select jets
b(c) from QCD events as the proxy of H>bb/cé¢
(requiring 2 SVs)
8 b(C)
&6% Problem:

Preselected jets from QCD events,
| enriched in , still do not closely
derive scale factor (SF) - .
then used as SF for H>bb/cc jets resemble H>bb/cc jets.
> Further selection needed

b(c)

g b(c)
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L
sfBDT method: key concept

The general idea is to select jets
b(c)

from QCD events as the proxy of H>bb/cé¢
(requiring 2 SVs)

Problem:
Preselected jets from QCD events,
| : enriched in , still do not closely
derive scale factor (SF) =, .
then used as SF for H>bb/cc jets resemble H>bb/cc jets.

> Further selection needed

BE = =

b(c)

Solution:
Train a BDT variable which selects more
signal-like jets from QCD

g b(c)

XJ sfBDT

selection

Conggiao Li (Peking University) BOOST 2023 31 July, 2023 9
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fBDT hod: desi
S methoda: design of sfBDT

Select two regions using a generator-level
variable

. one resembles more signal H>bb/cc jets,
Based on

generator-level variable one does not

:: b(c)

b(¢)

Conggiao Li (Peking University) BOOST 2023 31 July, 2023 10
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fBDT hod: desi
S methoda: design of sfBDT

Select two regions using a generator-level
variable
. one resembles more signal H>bb/cc jets,

Based on
generator-level variable one does not
i b(c) Train a BDT (named sfBDT) against each other,
B(©) using reconstructed-level variables as input

(jet N-subjettiness, track/SV features)
Train sfBDT

Conggiao Li (Peking University) BOOST 2023 31 July, 2023 10
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fBDT hod: desi
S methoda: design of sfBDT

Select two regions using a generator-level
variable
. one resembles more signal H>bb/cc jets,

Based on
generator-level variable one does not
i b(c) Train a BDT (named sfBDT) against each other,
B(©) using reconstructed-level variables as input

(jet N-subjettiness, track/SV features)
Train sfBDT

&Design 2: this talk CMS-PAS-BTV-22-001

éDesign 1: Published in CMS-DP-2022-005

« Consider a way to take into

« QCD jets are likely to account all g/g emissions

) ’i(c) be contaminated with f » Define variables from the list of
b(¢) extra gluons % 2 the
+ Define variables from (before hadron decays)
partons . o
zie{g}pT,i Find the N-subjett|n§ss 731 helpful
K, = to evaluate the multi-prongness of a QCD jet
zie (g.q) PTi smaller 73 > less complexity in prongness - signal-like
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BOOST 2023 - Performance session Performance of heavy-flavour jet identification in boosted topologies in CMS 13 TeV data
fBDT hod: desi
S methoda: design of sfBDT

Select two regions using a generator-level
variable
. one resembles more signal H>bb/cc jets,

Based on
generator-level variable one does not
i b(c) Train a BDT (named sfBDT) against each other,
b using reconstructed-level variables as input
\ .y A (jet N-subjettiness, track/SV features)
CMS Preliminary 59.8 fb~! (13 TeV)
(q\] - Tttt
y y | < - AKS8 jets 0 MC (b)
DGSIg ning th S | <®BDT method B MC (c) 1 é
é 2 05| 450 < Pr < 500 GeV Bl NC () | Design 2 thistalk CMS-PAS-BTV-22-001
. Q g S\ MC stat. unc. -
Designl: & ¢ Data f

« Consider a way to take into
account all g/g emissions

h « Define variables from the list of
/_yﬁ ¥ the

(before hadron decays)

Q s -
§ | - Find the N-subjettiness 75, helpful
e e to evaluate the multi-prongness of a QCD jet

MC categorised to b/c/l based on the number smaller 73 > less complexity in prongness - signal-like

of ghost-matched b and ¢ hadrons
Congqiao ! JST 2023 31 July, 2023 10
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Performance of heavy-flavour jet identification in boosted topologies in CMS 13 TeV data
: ' ia sfBDT
sfBDT method: selectionvias
tune the threshold

Key logic: of sfBDT selection
 sfBDT as a handle to “tune” proxy—signal similarity

« evaluate the SF’s dependence on sfBDT selection - extract
an extra uncertainty from it

Conggiao Li (Peking University) BOOST 2023 31 July, 2023 11
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: ' ia sfBDT
sfBDT method: selectionvias
tune the threshold

Key logic: of sfBDT selection
 sfBDT as a handle to “tune” proxy—signal similarity

« evaluate the SF’s dependence on sfBDT selection - extract

a n extra U nce rta I nty frOm It CMS ‘Simu‘/at‘ior‘; Pre(in:;inary _ (“]3‘Te‘V)

- sfBDT selection curves 450 < pt < 500 GeV

sfBDT

Design a systematic workflow that applies to all
taggers

. stepl:transform the tagger to a uniform shape

» step2: define on the sfBDT-tagger plane,
that match the proxy tagger shape to the signal (but with
different selection efficiency)

CMS Simulation Preliminary
T T T T T ‘ T T T ‘ T T T

. B ! ‘ ‘ L L ‘ L L L ‘ L L L ‘ L L L L L
?E' | Signal and proxy jets 4 0.2 0.4 0.6 0.8
— + .
0.5[ sfBDT method ‘ i Transformed ParticleNet-MD bbVsQCD
L ---- H— bb signal ]
MC (b) proxy (1% sfBDT curve)
04 B MC (b) proxy (2™ sfBDT curve) CUt on ]
adl MC (b) proxy (3 sfBDT curve) those
L —— MC (b) proxy (4™ sfBDT curve)
L~ MC (b) proxy (5" sfBDT curve) curves
I — MC (b) proxy (6" sfBDT curve)
03"+ MC (b) proxy (7" sfBDT curve) 1
MC (b) proxy (8" sfBDT curve)
MC (b) proxy (9™ sfBDT curve)
0.2 1
%:
0.1 -
]
]
.—"J E
N N B et
0'8.0 0.2 0.4 0.6 0.8 1.0

ParticleNet-MD bbvsQCD
Conggiao Li (Peking University) 31 July, 2023 11



Performance of heavy-flavour jet identification in boosted topologies in CMS 13 TeV data
: ' ia sfBDT
sfBDT method: selectionvias
tune the threshold

Key logic: of sfBDT selection
 sfBDT as a handle to “tune” proxy—signal similarity

« evaluate the SF’s dependence on sfBDT selection - extract

an extra uncertainty from it (13 Tev)

CMS Simulation Preliminary
L S B S |

- sfBDT selection curves 45i0 < pt <500 GeV

sfBDT

Design a systematic workflow that applies to all
taggers

. stepl:transform the tagger to a uniform shape

» step2: define on the sfBDT-tagger plane,
that match the proxy tagger shape to the signal (but with
different selection efficiency)

« step3:select on those curves to _ CMS simulation Preliminary (1 Tev)
derlve nOmInal SFS; < 0.5;3;?3?’?1:;&': Py lets ¢ i Tran;‘zormed T:artlclelflzt_MD bobsstCD
select different curves for the L Mot seotans  CUt o

o . B MC (b) proxy (2" sfBDT curve) i
“pass” and “fail” tagger region by those
. . I —— MC (b) proxy (5" sfBDT curve)
to modify the proxy—signal 03 L Wi (o) rowy (7% 50T ouve i
tagger shape similarity [ Mo () proy 67 4307 e
0.2 |

« step4: from the deviation of SFs, ; o
we obtain an external uncertainty o1t
assigned to the final SF A

0'8.0 0.2 0.4 0.6 0.8 1.0

ParticleNet-MD bbvsQCD
Conggiao Li (Peking University) 31 July, 2023 11



Performance of heavy-flavour jet identification in boosted topologies in CMS 13 TeV data
: ' 1a sfBDT
sfBDT method: selection vias

CMS Preliminary 59.8 fb~1 (13 TeV) CMS Preliminary 59.8 fb~1 (13 TeV)
c\l : i i i | i i i | i i i | i i i | i i i : C\I : i i i | i i i | i i i | i i i | i i i :
g 106;_AK8 jets 1 MC (b) ] g 106;_AK8 jets Il MC (c)
g - sfBDT method B MC (c) E - - sfBDT method 1 MC (b)
L 05450 < pr <500 GeV EE MC () | L 05| 450 < pr < 500 GeV EE MC () i
C g . E C g . E
q>) - Central sfBDT selection NN MC stat. unc. - g) - Central sfBDT selection NN MC stat. unc. -
W o8 ¢ Data _ W o4k ¢ Data _
QO 1.5F 'LP'MP'HP ............................................ R O
= C Y A . ¢ o =
~~ - ; . H ~~
- 1.0;“%*% MY - \‘\Om \‘w‘b\.i!%%?f!&'%gi:::g;;ii*: ©
T | ’ ©
D 05:—1 ...... l ...... l ...... illlilllilllllll_j D
0.0 0.2 0.4 0.6 0.8 1.0
Transformed ParticleNet-MD bbvsQCD Transformed ParticleNet-MD ccvsQCD

Data and MC distribution on transformed tagger discriminant,
applying the central sfBDT selection

More taggers in backup

Conggiao Li (Peking University) BOOST 2023 31 July, 2023 12



BOOST 2023 - Performance session Performance of heavy-flavour jet identification in boosted topologies in CMS 13 TeV data
°
L
sfBDT method: fit

CMS Preliminary 59.8 fb~! (13 TeV) CMS Preliminary 59.8 fb~! (13 TeV)
~ A L L B L L L L LN EANR NN B ~ IS L B L L AL L B L NN B
o - ParticleNet-MD bbVsQCD (HP) 1 MC (b) o o500|. ParticleNet-MD bbVsQCD (HP) 1 MC (b)
; 800 | sfBDT method B MC (c) ; [ sfBDT method EE MC (c)
T | 450 < pr < 500 GeV, pass region EE MC () c - 450 < pr <500 GeV, fail region mE VC () 1
4 L Post-fit . . D 2000} Post-fit . -
Ll 600 N\ MC total unc. | \T - N\ MC total unc.
i ¢ Data 1 i ¢ Data
I 15001~
400 . i .
[ 1000} Post-fit templates
200{ | o for calibrating
, , ParticleNet-MD
0 m— 0 bbvsQCD (HP)
5

—

see backup for

o
[
!
|

Data / MC
& 11
7

Data / MC

05 00 05 10 15 20 25 30 5 0. . . ccvsQCD
log(Mgy' /GeV) log(Mgy' /GeV)
» Fit on the SV mass (log scale) to distinguish the b/c/light For clarity, read the
templates full workflow in
backup

- each flavour template assigned a free-floating SF in fit
e simultaneous fit in the “pass” and “fail” tagger region

Conggiao Li (Peking University) BOOST 2023 31 July, 2023 13



BOOST 2023 - Performance session Performance of heavy-flavour jet identification in boosted topologies in CMS 13 TeV data

p-tagged method: concept

-> Select proxy jet: b/cc)
o jets from QCD, but matched with a soft muon %.O b/c
»  b/cflavour content enriched ‘ﬁ
% incorporate online trigger selection: requiring a soft \

muon in AK4/AKS jets

«10¢ CMS Preliminary 59.8 fb~1 (13 TeV)
A — T ]

» largely orthogonal to the phase space explored inthe S 70ER, = o
sfBDT method § o[ ato by rimrenoing . Mo st .
w | : : ¢ Data

NS

% Ty variable as a tune to modify signal—proxy similarity
> for main fit: apply 121 < 0.3

Q & -
= H ]
= 102 S sty LIS
-— . o
© : 1
Q OS5 P | | L
0.0 02 0.4 0.6 0.8 1.0
T21

Conggiao Li (Peking University) BOOST 2023 31 July, 2023 14



BOOST 2023 - Performance session Performance of heavy-flavour jet identification in boosted topologies in CMS 13 TeV data
[
p-tagged method: concept

-> Select proxy jet:

R/
) X4

R/
0’0

N/
%*

>

4

jets from QCD, but matched with a soft muon

b/c flavour content enriched

incorporate online trigger selection: requiring a soft

muon in AK4/AKS jets

largely orthogonal to the phase space explored in the

sfBDT method

Events / 0.02

T21 variable as a tune to modify signal—proxy similarity

for main fit: apply 121 < 0.3

Conggiao Li (Peking University)

A.U.

0.5~

0.4

0.3

0.2

0.1

CMS S/mulatlon Prellmlnary

Slgnal and proxy jets
p-tagged method

[ ---- H- Db signal

L —— MC (b) proxy (T21 < 0.4)

~ —— MC (b) proxy (T21 < 0.35)

| —— MC (b) proxy (T2¢ < 0.3)

- MC b) proxy (124 < 0.25)
C (b) proxy (121 < 0.2)

with different
To; thresholds ]

-
]

,\,\,\,\

T

T

0.8.

L:—:mf =i S el
0 0.2 0.4 0.6 0.8 1.0

ParticleNet-MD bbVsQCD

x10* CMS Prellmlnary 59.8 fb~! (13 TeV)

T

L | AKS lets I MC (b) k

I p-tagged method 1 MC (c)

[ 450 < pr <:500 GeV : EE MC (l) ]

4|~ after (pr, n; T21) reweighting W MC stat. unc. ]

: ¢ Data 1
3r
2 |

31 July, 2023
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BOOST 2023 - Performance session Performance of heavy-flavour jet identification in boosted topologies in CMS 13 TeV data
[
p-tagged method: concept

- Select proxy jet: b/cc)
X jets from QCD, but matched with a soft muon %.O b/c
> b/c flavour content enriched ‘

R/

% incorporate online trigger selection: requiring a soft \
muon in AK4/AKS jets

N x1o4CMS Prellmlnary _ 59.8 1“b“1 (13 TeV)
>~ largely orthogonal to the phase space explored in the S sf ff:fgiit:emod =
SfB DT methOd g 4:;2:(;)::i2?)?‘:v\"/9'9;‘“”9 § mg (slt)at. unc.
w : ¢ Data
38

% Ty variable as a tune to modify signal—proxy similarity

> for main fit: apply 121 < 0.3

CMS S/mulatlon Prellmlnary

Slgnal and proxy jets
0-57 y-tagged method

-> FeaS|b|l|ty of the Proxy [~ H-Dbbsignal with different o2 0% 05 08 10

[ NeOimow (<04 ) thresholds ] Tt

A.U.

* . . 0-4j — MC (b) proxy (t21 < 0.35) H
% taggers not trained with ey o |
. o 0.3 C (b) proxy (121 < 0.2) i

particle ID input |

> suitable to calibrate 0] :
using the p-tagged proxy o j
%L‘_r—m* == ——-T—--r-"""__“__l‘ E

0'8.0 0.2 0.4 0.6 0.8 1.0

Conggiao Li (Peking University) ParticleNet-MD bbVsQCD 31 July, 2023 14




Performance of heavy-flavour jet identification in boosted topologies in CMS 13 TeV data
°
p-tagged method: selected jets

CMS Preliminary 59.8 fb~1 (13 TeV) CMS Preliminary 59.8 fb~1 (13 TeV)
N : i i i | i i i | i i i | i i i | i i i : C\I : i i i | i i i | i i i | i i i | i i i :
g 106;_AK8 jets 1 MC (b) ] g 106:_AK8 jets 1 MC (c)
y F -tagged method [ MC (c) : - F p-tagged method 1 MC (b)
% 105 450 <Pt <500 GeV, T21 <0.3 mEm MC () N % 105 450 < pr <500 GeV, Tz1 <0.3 mm MC () N
G>> o N MC stat. unc. g) F N MC stat. unc. 1
W qp4 ¢ Data - W qp4 ¢ Data =
10° E
102 ) oo
10! —
100 =l 1 | 1 1 |
% 1 5[ 'LP'MP'HP'~ %
~ 1 OE.. e . : g . ] ~
% . oo”oo'é'o" ] .b.§‘¢¢‘¢ oo ¢ ¢ %
D 0'5;—1 ...... l ...... l ...... illlilllilllllll_j D
0.0 0.2 0.4 0.6 0.8 1.0
Transformed ParticleNet-MD bbvsQCD Transformed ParticleNet-MD ccvsQCD

Data and MC distribution applying the p-tagged requirement
and the central 121 <0.3 cut

More taggers in backup

Conggiao Li (Peking University) BOOST 2023 31 July, 2023 15



BOOST 2023 - Performance session Performance of heavy-flavour jet identification in boosted topologies in CMS 13 TeV data
d hod: fi
p-tagged method: fit

CMS Preliminary 59.8 fb~! (13 TeV) CMS Preliminary 59.8 fb~! (13 TeV)
L L L RN B IS L L L L RN O
g 700§Partic|eNet-MD bbVsQCD (HP) 1 MC (b) * g - ParticleNet-MD bbVsQCD (HP) 1 MC (b)
~ - M-tagged method ~ L p-tagged method
_,UE) GOOZSOgjpT<500 GeV, pass region E mg El(;) | _,"E) 4000;1509<g.pT<500 GeV, fail region E mg E;) |
o SOO;POSt'f't N MC total unc. o | Posti N MC total unc. -
Wt ¢ Data 1 & 3000F ¢ Data -
400: -
300 2000f Post-fit templates
200} : for calibrating
- 1000} .
100} ; ParticleNet-MD
ok 0 bbvsQCD (HP
QE) 1.5§I_ | T T T LED 1-5; Q ( )
g "o g Mo see backup for
CDU 05§ ; .‘.. . 8 0.5 }III\\\I\I ..................... | ..................... I.M -
- 1 0 1 2 3 4 5 ccvsQCD
log(M(Zp&") /GeV) log(M(Zp&") /GeV)
. Fit on the invariant mass of SV 4-vectors (log scale) For clarity, read the
: : - full workflow in
» each flavour template assigned a free-floating SF in fit backup

e simultaneous fit in the “pass” and “fail” region

Conggiao Li (Peking University) BOOST 2023 31 July, 2023 16



Performance of heavy-flavour jet identification in boosted topologies in CMS 13 TeV data
Boosted Z method: concept

-> Proxy jets: Z->bb jets
% Z->bbjetis a better proxy to H>bb jet b/c

R/

% measure the SF at Z peak on top of the \ %
overwhelming QCD BKG % =
50 LZ b

recoil jet

|
O\

Conggiao Li (Peking University) BOOST 2023 31 July, 2023 17



Performance of heavy-flavour jet identification in boosted topologies in CMS 13 TeV data
Boosted Z method: concept

—> Proxy jets: Z->bb jets

% Z->bbjetis a better proxy to H>bb jet b/c
“* measure the SF at Z peak on top of the \ %
overwhelming QCD BKG % =
89 NZ bfc
: : :  jet
-> Signal and background estimation recone ﬂ
% QCDyield in “fail” tagger region estimated from "
data \Y
% transferred to the QCD yield in “pass” region by a ﬁ(\
fitted polynomial on jet pr and “mass”
» “mass”: aregressed mass via ParticleNet DNN
architecture [See CMS-DP-2021-017] =

R/

% signal: rely on accurate modelling of the Z+jet
process (NLO correction applied)

Conggiao Li (Peking University) BOOST 2023 31 July, 2023 17
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BOOST 2023 - Performance session Performance of heavy-flavour jet identification in boosted topologies in CMS 13 TeV data
°
L
Boosted Z method: fit

CMS Preliminary 59.8 fb~! (13TeV) 165 CMS Preliminary ~ 59.8 fo! (13TeV)
>500F 1 — — "~ 1 T T T T T T T T 5 > [ T - 1 - 1 T T T ]
8 | 450 < p7 < 500 GeV HE Z+Jets ] 8 3 O:— 450 < pt < 500 GeV E Z+Jets -
g | Pass region ] Wadets ] Z 7 Fall region ] Wa+dets
£ 400 Fosti 1 Multijet 1 Lo Pt 1 Multijet ]
2 i 2% Total uncertainty g ! %% Total uncertainty
" 300 + Data 1 Haop + Data g

Post-fit templates
for calibrating
ParticleNet-MD

bbvsQCD (HP)
» 2.9 | ! ! ]
T 0.0f | For clarity, read the
_25:‘ e e Ity st et Bl 25 R e st s i s S ‘7 full workflow in
' 60 80 100 120 140 ] 60 80 100 120 140 backu
Menet [GeV] Menet [GeV] P
QCD “fail” » “pass” » Fit on the ParticleNet-based regressed mass
transfer ratio e three SFs for Z peak (in 3 pr bins), one for W peak
m+n<o A n<3 . o G . .
A me -  simultaneous fit in the “pass” and “fail” region, and
Rp/g = Z Kinn (Mpne)" (P)" , P slon,
m,n=0 3 pT b|n5

Conggiao Li (Peking University) BOOST 2023 31 July, 2023 18



Performance of heavy-flavour jet identification in boosted topologies in CMS 13 TeV data
Systematic uncertainties (sfBDT & p-tagged)

relative contribution to

sfBDT method

overall uncertainty

Uncertainty source ASE/ (ASF),.,
Statistical 49%
Theory '

Fraction of jet flavours

30%

ISR and FSR in parton shower 10%
Experimental
Effect of varying sfBDT thresholds 38%
Effect of applying “reweighting schemes” 64%
Jet energy scale and resolution 6.4%
Integrated luminosity 1.0%
Pileup reweighting 7.4%
M-tagged method
Uncertainty source ASF/ (ASF),
Statistical 34%
Theory
Fraction of jet flavours 42%
ISR and FSR in parton shower 14%
QCD jet modelling 6.5%
Experimental
Effect of varying T,; thresholds 69%
Effect of “simulation-to-data reweighting” 28%
Jet energy scale and resolution 5.0%
Integrated luminosity 3.5%
Pileup reweighting 3.9%
Conggiao Li (Peking University) BOOST 2023

Varying the yields of b/c/light flavour jets
by 20%, separately

-> compensate for the mismodelling of
flavour proportion in QCD simulation

31 July, 2023 19



Performance of heavy-flavour jet identification in boosted topologies in CMS 13 TeV data
[ ) [
Systematic uncertainties (sfBDT & p-tagged)

relative contribution to

sfBDT method i
. overall uncertainty Varying the yields of b/c/light flavour jets
Uncertainty source ASF/ (ASF), P bv 20%. separatel
Statistical 49% ) y % 5€P y
Theory T i >compensate for the mismodelling of
Fraction of jet flavours 30% i flavour proportion in QCD simulation
ISR and FSR in parton shower 10% i
Experimental
Effect of varying sfBDT thresholds 38%
Effect of applying “reweighting schemes” 64% :
Jet energy scale and resolution 6.4% -
g.lfegrated luminosity 10% ~ An external uncertainty is assigned to
ileup reweighting 7.4% .
; -, 'cover the span” of derived SFs, when the
u-tagged method ) selection (sfBDT or 121) varies
3 ¢ >asubstantial uncertainty is obtained from
Uncertainty source ASF/ (ASF), 7 this source
Statistical 34% J
Theory H
Fraction of jet flavours 42%
ISR and FSR in parton shower 14%
QCD jet modelling 6.5%
Experimental
Effect of varying T,; thresholds 69%
Effect of “simulation-to-data reweighting” 28%
Jet energy scale and resolution 5.0%
Integrated luminosity 3.5%
Pileup reweighting 3.9%

Conggiao Li (Peking University) BOOST 2023 31 July, 2023 19



Performance of heavy-flavour jet identification in boosted topologies in CMS 13 TeV data
Systematic uncertainties (sfBDT & p-tagged)

relative contribution to

sfBDT method i
. overall uncertainty Varying the yields of b/c/light flavour jets
Uncertainty source ASF/ (ASF), P bv 20%. separatel
Statistical 49% ) y 0, S€P y
Theory 7§ >compensate for the mismodelling of
Fraction of jet flavours 30% - i flavour proportion in QCD simulation
ISR and FSR in parton shower 10% i
Experimental
Effect of varying sfBDT thresholds 38%
Effect of applying “reweighting schemes” 64% :
Jet energy scale and resolution 6.4% 5]
Integrated luminosity 1.0% : l . . . d
Pileup reweighting 7 49, An externa uncertalnty.ls assigned to
; -, 'cover the span” of derived SFs, when the
u-tagged method ) selection (sfBDT or T121) varies
3 7 > asubstantial uncertainty is obtained from

Uncertainty source ASF/ (ASF),, e

Statistical 34% ]

Theory H
Fraction of jet flavours 42%

ISR and FSR in parton shower 14%

Exp egri]ejrgglmOdeng 0% A residue mismodelling on the SV mass is
Effect of Varying (o thresholds 69% ObserVEd, eSpeCially in the sfBDT methOd,
Effect of “simulation-to-data reweighting” 28% which is difficult to fix by using alternative
Jet energy scale and resolution 5.0% simulation
Integrated luminosity 3.5% _

Pileup reweighting 3.99 - adopt a conservative approach:

to check the change of SF

Conggiao Li (Peking University) BOOST 2023 31 July, 2023 19



Performance of heavy-flavour jet identification in boosted topologies in CMS 13 TeV data
[ ) [
Systematic uncertainties (boosted Z)

relative contribution to

boosted Z method overall uncertainty
Uncertainty source ASE/ (ASF),,
Statistical 67%
Theory
ISR and FSR in parton shower 45%
NLO corrections 43%
PDF uncertainties 5.5%
Experimental
Jet mass scale and resolution 6.9%
Jet energy scale and resolution 25%
Trigger effiency 5.4%
Integrated luminosity 11%
Pileup reweighting 2.5%
Conggjao Li (Peking University) BOOST 2023

Large statistical uncertainty for
determining Rp/ is @ major limiting power

Theoretical uncertainties on Z+jets affect
the Z peak yield, directly resulting to a
larger SF uncertainty

31 July, 2023 20



BOOST 2023 - Performance session Performance of heavy-flavour jet identification in boosted topologies in CMS 13 TeV data
Results and combination

Scale factors
o

o
3

1.5

1.5

0.5

0.5

ParticleNet-MD bbvsQCD (HP)
CMS Preliminary

—k
(=)

(13 TeV)

[
2016 pre -VFP  SF: PartcheNet MD bbvsQCD, High purity

1.0}

0.5}

1.0}

1.5}

1.0}

! ! !

2017 | | |
. H* ...................................... }H ...................................... 0“ ............... ]
N \ \ T ]
- 2018 { sfBDT ¢ p-tagged ¢ boosted Z combined -
I ++{ ..................................... '+* ...................................... #}* ............... -]

! ! !

(450,500) (500, 600) (600, +co)

pr(j) [GeV]

Conggiao Li (Peking University)

Scale factors

—_
9))

0.5

1.5

0.5

ParticleNet-MD ccvsQCD (HP)
CMS Preliminary

-
o

o
(3

(13 TeV)

[
2016 pre -VFP  sF: PartcheNet MD ccvsQCD, High purity

1.5}
1.0}

0.5}

1.5}

1.0f

1.0}

2017

l | |

\ \ \ ]
2018 t sfBDT ¢ p-tagged combined -

(600‘, +00)
pr(j) [GeV]

| |
(450, 500) (500, 600)

BOOST 2023

« Combination among
methods via BLUE

- treating common
uncertainty sources as

correlated, and others as
uncorrelated

Full SF results in backup
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Performance of heavy-flavour jet identification in boosted topologies in CMS 13 TeV data
° °
Results and combination

ParticleNet-MD bbvsQCD (HP)

1.5

1.5

0.5

0.5

o
3

CMS Preliminary (13 TeV)
g . 2016 pre -VFP  SF: PartcheNet MD bbvsQCD, ngh purity
S 1.5 -
S
@ q0f *
(T [
O
n

1.0}

0.5}

1.0}

1.5}

1.0}

! ! !

2017 | | |
R H* ...................................... }H ...................................... 0“ ................ N

! ! !

2018 | { siBDT % p-tagg‘ed ¢ boosted Z (‘:ombined 1
e ++{ ..................................... '+* ...................................... #}* ................ ]
! ! !
(450,500) (500, 600) (600, +co)

pr(j) [GeV]
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Scale factors

ParticleNet-MD ccvsQCD (HP)

CMS Preliminary (13 TeV)

—_
9))

1.5}

0.5

1.5

0.5

-
o

o
(3

2016 pre -VFP  sF: PartcheNet MD ccvsQCD, ngh purity

1.5}
1.0}

0.5}

1.0f

1.0}

2017 ' } Remarks:
l |

2018 t SféDT t

S AR o

| |
(450, 500) (500, 600)

« Combination among
methods via BLUE

- treating common
uncertainty sources as
correlated, and others as
uncorrelated

Full SF results in backup

S

o All methods yield consistent results

« Results also consistent with previous
‘ calibrated SFs, on the central SF, year-
dependence, and level of uncertainties

« The methods summarised in our works
f | offer a systematic approach to handle all
available X>bb/c¢ taggers in CMS

BOOST 2023
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BOOST 2023 - Performance session Performance of heavy-flavour jet identification in boosted topologies in CMS 13 TeV data

CMS-PAS-BTV-22-001

- Present a comprehensive summary of X>bb/cc taggers:

% areview of taggers developed in CMS Run 2

R/

¢ performance comparison in ROC curves

R/

% calibration methods
»  sfBDT methods / pu-tagged methods / boosted Z method

=> Showcase individual and combined SF measurements

7/

% consistency found among methods, and with previous results

=> Benchmark the calibration methods for CMS Run 2 and Run 3

7/

% developed to handle a variety of tagger discriminants

7/

“ marks the maturity of boosted-jet tagging and calibration technique at this
stage

Conggiao Li (Peking University) BOOST 2023 31 July, 2023 22
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Performance of heavy-flavour jet identification in boosted topologies in CMS 13 TeV data
o °
ParticleNet architecture

ParticleNet full architecture

EdgeConv block

=

\ EdgeConv Block
k=16, C = (64, 64, 64)
edge features
P
ATieEy EdgeConv Block
k=16, C = (128, 128, 128)
:
RetU EdgeConv Block
1 k =16, C = (256, 256, 256)
Linear v
[ Global Average Pooling }
ReLU v
1 Fully Connected
Linear 256, ReLU, Dropout = 0.1
’
Fully Connected
2
v H. Qu, L. Gouskos, PRD 101, 056019 (2020)
k ReLU / Softmax
|

f* Building block

Input features Edge features Linear transformations ¢ - c® - cfgf) - cﬂ) Aggregation over k nearest neighbours Output features
’ (dimension Cj) '.".4 :-"‘ Cris C (0) =2 C/, . f Cf(,i) s s )
o : e EEEEEL R
o\ o STl
® i —‘7 P> i
Y E HER k
° E [0 | | ] Yk-nearest) 11 P’@ 11 I}'
H P /2
....................................................... the data, and **
........................................... B e
(dimension C,,,) s I S X, = (%, %= %)
[ % i ‘k-nearest nelghbours
% L4 :
hd ) ~Q ~G)
[ S ¢ B NS EdgeConv block (& (C{). C2, C2))

Input coordinates

ParticleNet’s full architecture
o} Architecture

_______________________ Ty (Global average poolina Fully . https://cms-ml.github.io/documentation/
Input fe==..51 , ; === = connecte inference/particlenet.html
features > ﬁ[ﬁl @ EdgeConv EdgeConv EdgeConv \ ’.‘ 4 5 IE (256) Output [ .
J— it ey LI 5 Ly feorueol ol 2P
" Input | 6. 64,64, 60 (16, (128, 128, 128)) (16, (256, 256, 256)| (o dmenson O | T [ . 100 O
coordlnates ” Ea E 5 =256
> J
BOOST 2023 31 July, 2023 24
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CMS Simulation Preliminary (13 TeV) CMS Simulation Preliminary (13 TeV)
: 1 T T - : 1 T T —
i)- - AKS jets — H-bb ?,:' - AKS jets — H-bb
pt > 450 GeV, Inl <2.4 — Hocc pr > 450 GeV, Inl <2.4 — Hocc
100? ---- QCD bb E 100? ---- QCD bb
DeepAKS-MD QCD cc : i QCD cc
I QCD inclusive | | - QCD inclusive |
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Performance on simulation
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Performance of heavy-flavour jet identification in boosted topologies in CMS 13 TeV data
: ' 1a sfBDT
sfBDT method: selection vias
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: ' 1a sfBDT
sfBDT method: selection vias
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°
L
sfBDT method: fit

CMS Preliminary 59.8 fb~! (13 TeV) CMS Preliminary 59.8 fb~! (13 TeV)
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e Fit on the SV mass (log scale) to distinguish the b/c/light
templates

» each flavour template assigned a free-floating SF in fit
« simultaneous fit in the “pass” and “fail” region
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L -
sfBDT method: full workflow See also in

CMS-PAS-BTV-22-001

- Target proxy jets: g>bb/cc jets from QCD multijet events, selected by a BDT trained on QCD jets
-> Workflow:

% select events with logical OR of Hr triggers with multiple thresholds

% select both leading and subleading jet (if it exists), passing pr > 200 GeV, |n| < 2.4, and 500 < msp < 200 GeV,
and requires N(matched-SV) =2

“* reweight total simulated events to data on (jetIndex, Hr, pr) bins

% all simulated jets are classified to b, ¢, and light flavour (based on the number of ghost-associated b and ¢
hadrons, Np and N)

¢ [individual step] train the sfBDT using a special QCD sample (enriched in bbb/ccc by production), with jets
selected in the same criteria and requiring N, =2 or (N, =0 & N¢ = 2), and the gen-level 13; on hadrons applied
to define signal and BKG jets for BDT training. With the sfBDT, for each target discriminant, determine the
sfBDT curves on the 2D sfBDT—transformed tagger plane

% apply jet pr selection for a dedicated fit point
% apply selection via the sfBDT curve, with 9x9 combinations in total

COorr

% perform fit on log(MSV1 /GeV): fit simultaneously in the “pass” and “fail” tagger region, with three SFs
assigned to the b/c/light categories in the “pass” region. Target SF is SFy, (SFc) for calibrating X>bb (cc) tagger

% assign two sources of external uncertainties:

> merge the target SFs (with all varied sfBDT selections) into one: the uncertainty in the final SF is larger than that of
the individual fit result, and its central value is positioned in the middle of the entire SF series.

consider the deviation of SF as an external uncertainty, from the nominal SF to the SF derived in the schemes to
reweight on the fit variable, or the sfBDT discriminant
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Performance of heavy-flavour jet identification in boosted topologies in CMS 13 TeV data
°
p-tagged method: selected jets
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°
p-tagged method: selected jets
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~ ° o ° °
p-tagged method: proxy—signal similarity
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d hod: fi
p-tagged method: fit

CMS Preliminary 59.8 fb~! (13 TeV) CMS Preliminary 59.8 fb~! (13 TeV)
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e simultaneous fit in the “pass” and “fail” region
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[ -
p-tagged method: full workflow Seealso i

CMS-PAS-BTV-22-001

- Target proxy jets: g->bb/cc jets from QCD multijet events (triggered by the existence of a soft muon in
jets), with the additional offline requirements on the soft muon and N-subjettiness ratio t2;

-=> Workflow:

7/
X4

select events with online triggers: requiring AK4 or AK8 jet with pr> 300, and including a muon with pr>5
GeV

select both leading and subleading jets (if exists) with offline pr > 350 GeV, |n| < 2.4, msp > 40 GeV

apply a jet-based reweighting from QCD MC to data subtracting the tt and single top and V+jets MC, on the

(pT, N, T21)
(note: reweighting on 121 mitigate the mismodelling of gluon splitting jets by PYTHIA-based QCD MC, and reduce its discrepancy with
the MG-based QCD MC on tau21l and all tagger discriminants)

all simulated jets are classified to b, ¢, and light flavour (based on the number of ghost-associated b and ¢
hadrons, Np and N)

apply jet pr selection for a dedicated fit point
apply the selection via 12:: the main scheme has 12; <0.3, and it is varied from 0.2 to 0.4 in the auxiliary fit
perform fit on log(M( Y. pSy") /GeV): fit simultaneously in the “pass” and “fail” tagger region, with three

SFs assigned to the b/c/light categories in the “pass” region. Target SF is SFy, (SFc) for calibrating X-bb (c¢)
tagger

assign two sources of external uncertainties:

merge the target SFs (with different 121 selections) into one, by expanding the uncertainty of the nominal fitted
SF to cover the maximum deviation of the SFs.

consider the deviation of SF as an external uncertainty, from the nominal SF to the SF derived in the scheme to
reweight on the fit variable

Conggiao Li (Peking University) BOOST 2023 31 July, 2023 35


https://cds.cern.ch/record/2866276

Performance of heavy-flavour jet identification in boosted topologies in CMS 13 TeV data
L
Boosted Z method: ROC from data

- CMS Preliminary 59.8 fo~! (13TeV)
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Performance of heavy-flavour jet identification in boosted topologies in CMS 13 TeV data
[ -
Boosted Z method: full workflow See also in

CMS-PAS-BTV-22-001

- Target proxy jets: Z->bb jets from Z+jets events

-> Workflow:

% select events with online triggers: a combination of requirements on the jet pr, trimmed mass,
and event Ht

% select the leading AK8 jet with pt>450 GeV, |n| < 2.4, Mpnet > 40 GeV as the target jet; presence of
a subleading AK8 jet with pr>200 GeV and |n| < 2.4 as the recoil jet is required

< veto events with loose electrons/muons, and events with b-tagged AK4 jets (to suppress tt
events)

% Perform the fit on the 2D binned histogram of (Mpnet, p7)
Z+jets and W+jets modelled by MC
QCD in the “fail” region estimated directly from data, after subtracting other MC processes
QCD in the “pass” region estimated from the “fail” region through a fitted polynomial
> three SFs assigned to Z+jets (3 pr bins) and one SF to W+jets, in the “pass” region

the target SF is that for the Z+jets since Z->bb is the predominated contribution in the “pass region”
-> Note: the boosted Z method is only used to derive SFs for:
¢ ParticleNet-MD bbvsQCD in HP, MP, LP; DeepDoubleBvL in HP, MP; double-b in HP

% DeepAK8-MD bbvsQCD has a residue mass correlation which sculpts the QCD background in the
“pass” region, making the method invalid
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Performance of heavy-flavour jet identification in boosted topologies in CMS 13 TeV data
°
Full results: ParticleNet-MD bbvsQCD
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Performance of heavy-flavour jet identification in boosted topologies in CMS 13 TeV data
L
Full results: DeepDoubleBvL

CMS Preliminary (13 TeV) CMS Preliminary (13 TeV) CMS Preliminary (13 TeV)
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L
Full results: DeepAK8-MD bbvsQCD
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BOOST 2023 - Performance session Performance of heavy-flavour jet identification in boosted topologies in CMS 13 TeV data
Full results: double-b
L
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Performance of heavy-flavour jet identification in boosted topologies in CMS 13 TeV data
° °
Full results: ParticleNet-MD ccvsQCD

CMS Preliminary (13 TeV) CMS Preliminary (13 TeV) CMS Preliminary (13 TeV)
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Performance of heavy-flavour jet identification in boosted topologies in CMS 13 TeV data
L
Full results: DeepDoubleCvL

CMS Preliminary (13 TeV) CMS Preliminary (13 TeV) CMS Preliminary (13 TeV)
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Performance of heavy-flavour jet identification in boosted topologies in CMS 13 TeV data
L
Full results: DeepAK8-MD ccvsQCD

CMS Preliminary (13 TeV) CMS Preliminary (13 TeV) CMS Preliminary (13 TeV)
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