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Introduction

b-jet is an important signature in many physics analyses
(e.g. ttbar, H>bb, HH->4b/bbtr)
b-jet tagging algorithm explore the b-hadron decay
properties to identify the b-originated jet

« Offline b-tagging information is useful to suppress the

large QCD multijet events with light/c-flavour jets

With an increased instantaneous luminosity, offline b-
tagging is not enough,
New phase space exploration limited by jet kinematic in
trigger-level (online)
Implementing b-tagging information in trigger-level is
essential for processes for full hadronic final state with b-
quarks.
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ATLAS trigger system
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https://iopscience.iop.org/article/10.1088/1748-0221/19/06/P06029

b-tagging in ATLAS

» B-tagging algorithm exploits the b-hadron decay
properties
« Hard b-quark fragmentation with ~70% energy goes
to b-hadron
» Relative long lift time: ~1.5ps
« High multiplicities
 Displaced secondary vertex (~3mm for p;~50GeV b-
hadron)
* Tracks with large impact parameters

« Several identification algorithm since run1
 Machine learning is the key technique

« Similar techniques also used for c-jet tagging
and tau-lepton identification
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https://indico.ihep.ac.cn/event/28557/timetable/?view=standard#277-transformer-based-flavour

Flavour tagging algorithm development

« The flavour tagging algorithm evolve dramatically during Run3

* The online also keep pace with the offline effort
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b-jet trigger work flows

« Several novel items implemented in Run3
HLT compared to Run2
* b-jet trigger workflow
 L1jetorL1Topo seeds
 Full detector acceptance (Full Scan)
tracking L el
—>Better tracking efficiency
» Particle flow (Pflow) reconstruction q&7*
—->Better resolution at low p
* Precision tracking around Pflow jets
« Perform b-tagging with advanced ML
techniques
- Better rejection, better align with offline
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Standard jet finding

Steps required for
HLT b-jet finding

Steps introduced to
enable high rate
HLT b-jet finding

C? CPU usage

High-precision and full scan tracking is very CPU intensive and time consuming
- Fast b-tagging with ROl scan as preselection
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https://iopscience.iop.org/article/10.1088/1748-0221/20/03/P03002

Fast b-tagging preselection
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(fastGN2) since 2024

17 July 2026




Fast b-tagging performance

* Preselection tagger get upgraded
with GN2 architecture

« Afactor of 5 improvement in
background rejection with fastGN2
vs fastDIPS

* PV information also helps to
increase the performance
« Some impact on CPU consumption

Tagger Time per event

fastDIPS 1164 ms
fastGN2 929 ms

Decreased by ~20%
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https://twiki.cern.ch/twiki/bin/view/AtlasPublic/BJetTriggerPublicResults

Precision b-tagger
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At begin of run3, online b-tagging use 2-stage approach (same in run2)
« Use low-level variables (e.g. tracks) for b-hadron specific reconstruction (e.g. IP, SV ...)
« Train BDT, DNN with pre-reconstructed variables (e.g. MV2, DL1d tagger)

* Move to GN1/2 tagger: using jet and track features directly
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Comparison of tagger performance
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B-jet trigger chains

* Various trigger chains with online b-tagging

- [ 5045

e (GGeneral purpose chains: 5 12— 202" || 3017 || 201 || 202cen €(HH - bBDD)=59% | 4
S - 4 202%™ g(HH - bbbb) =55% g

« combination of n-bjet and n-jet @ 1.0 & Fun (il bhon)-41% 5035

: o : & I ST M TN =0.30
* Physics specified chains S osf —— &

. . . . ; : +_®__©__$_ _:0.25

« DiHiggs: Soft asymmetric p; cuts, 2 or 3 b-tagged jets .51 = —e— .20

« SUSY search: bjet+E7**° ub = - Jo4s
. . . L —o— , , -

 Vector boson fusion: Forward jets+Central b-jets sablna ATLAS Simulation 0,19
02559 s=13, 1s.6lev 7

N 250 I AU B L LA T A O A L A B _50'05

= C o DL1d202f™ « GN12b2f¥"  ATLAS . 00 J0.00
© 200:_ DL1d 1b GN1 1b Data, July 2023, Vs = 13.6 TeV _: N ~
o = ® DL1d 2b1j * GN1 2b1j T = S ) B i
> u o L ac - i
E 150__ o vV .v' M —] 9 - ]
5 = REY e P ] ke 1'5:_+__¢+++ ]
5 100 A - o f ———— |
T B P AL wv 1 Ui 1 . ‘ . | ‘ . . . . . ‘ T

A ] ——
— - ,gg%vﬂ’ a 400 600 800 1000
50_—- %W ] Myy [GeV]
0:é o ———— s ene (o0 oemoers €9000 0000 ¢ 9909 090¢ 09079 °D°

8 012 14 6 18 20 JINST 20 (2025) P03002

Luminosity [10>® cm2s-1]

17 July 2026

Normalized events / GeV


https://iopscience.iop.org/article/10.1088/1748-0221/20/03/P03002

L1BTAG chains

« 20% of b-hadron decay chain with muons

* L1Topo item with u+jet added in Run3 (no AR match)

 New L1BTAG algorithm deployed in 2025
* AR match between L1MU and L1Jet

BJetTriggerPublicResults
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https://twiki.cern.ch/twiki/bin/view/AtlasPublic/BJetTriggerPublicResults

X->bb trigger

AR =04

» Beside the small-R b-jet trigger, large-R Jet X->bb tagger b-jet
also implemented in trigger-level in 2025

* Model use transformer-based architecture following the
offline GN2X tagger and retrained with HLT information

 Better efficiency in low p; region
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https://twiki.cern.ch/twiki/bin/view/AtlasPublic/BJetTriggerPublicResult

b-tagging in TLA

* Online b-tagging allow to include flavour tagging /e = 0 =w.,

in trigger-level analysis (TLA), like data scouting | = &=8™ Qe
iIn CMS e ’
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https://iopscience.iop.org/article/10.1088/1748-0221/19/06/P06029

Calibration

- share the same framework as
the offline

> L L L LR B LN B B :% S a

- The online b-tagging efficiency § oL e 6 s gy SACE T e oy e a8 G022t 20600
measured with di-lepton t¢ R 18 F ;
events 10 4 w0 :

» similar as the offline 108 1 1 .
measurement ] ]

107

3

—
—

« PDF method, simultaneously
extracting efficiency and
flavour composition

2
| %
8

o
Data / MC

bb / all
o
o —
IIIIII\\\
| =
s>
ot
|

Data / MC

bb / all
o
o —

» Scale factor close to be unity

100 200 300 400 500 600 700 80l 100 200 300 400 500 600 700 800
Invariant mass of lepton and leading jet [GeV] Invariant mass of lepton and leading jet [GeV]
2022 data 2023 data

BJetTriggerPublicResult

17 July 2026 15


https://twiki.cern.ch/twiki/bin/view/AtlasPublic/BJetTriggerPublicResult

Summary

* b-jet is an important signature in many physics processes to
suppress large QCD background

* Implement b-tagging in trigger-level help to explore new phase-space

» Benefit from offline b-tagging development, online b-jet trigger
performance improved significantly

 Large-R tagger also implemented in Run3 data taking to reduce jet
pr threshold in trigger-level

» Expected more excited physics results with Run3 dataset using
updated b-jet trigger algorithm
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