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A new V., handle

at the LHC
—here’s how...
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Introduction

O The decay of W—cb offers a clean, complementary
handle on [Vl, independent of
traditional B-physics channels

Novel [Vl extraction via Lorentz-boosted bc-tagging at the LHC
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Our method

O Conventional LHC method:

e/u (triggered) b

Resolved topology
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Our method

O New method:

measuring highly Lorentz-boosted

reconstructed
large-R jet

reconstructed
...................... small-R jet

<0: from a single
W boson decay

e/ u (triggered)

b
Boosted topology

o Benefits of boosted channel:

N

boosted-jet calibrated in situ by ' >
bc tagging

v Significant background veto
powered by “boosted bc-tagging’

I

v Better control of systematic
uncertainties via an in-situ
calibration

<«
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Boosted bc-tagging

2.A Boosted bc tagging

Boosted channel (pre-Dj.-cut) 140 fb~! Boosted channel (post-D,.-cut) 140 fb~!
200000 B W+ WW: Wigg) B W+ WW: Wigg)
M [ 7+ tW+ WW: top(bg) [ @+ tW+ WW: top(bg)
175000 - 1 7+ W+ WW: top(bc) 400 - [ 7+ W+ WW: top(bc)
= ! Bl 7+ W+ WW: top(bgq) B 7+ W+ WW: top(bgq)
150000 B 7+ W+ WW: non B 7+ W+ WW: non
! [ W+jets & 1 WHjets
125000 9 N = Signal (F+1W+ W) (x1000) 300 - e Signal (iF+ W+ WW) (x10)
|2, = |  Bkg. stat. unc. 2 |  Bkg. stat. unc.
; ;
> 100000 - & >
Lu O Wit o
OWEY S 00{#
75000 -

be-tagang 18

50000 -
e ms 100 -
25000 -
O | 1 O | |
0.0 0.2 04 0.6 0.8 1.0 0.0 0.2 04 0.6 0.8 1.0
Boosted-channel event classifier score Boosted-channel event classifier score

Conggiao Li (Peking University) HQL 2025 16 September, 2025 6



17th International Conference on Heavy Quarks and Leptons (HQL 2025) Novel [Vl extraction via Lorentz-boosted bc-tagging at the LHC

Boosted bc-tagging

z Soon X b5 v OGO OG- 059a0) o Superior background suppression
S Sophon X — be vs QCD (AUC : 0.9918) o .
E Sophon X — cc vs QCD (AUC:0.9728) power In the bOOSted reglme!
A 107!
=2 1 Signal: X0 eV) — c/cc : ) " 1
S D N M O Retain 40% of signal while pushing
g _ 450 <p1 <600 GeV, Inl<2.4
S 10-2 4 90 <msp <140 GeV QCD background to 0.02% level!
10
=
. O Why so powerful? —thanks to the
- Y\ state-of-the-art DNN-based
Verified by boosted-jet taggers in CMS/ATLAS
. i __ CMS
0.0 0.2 0.4 0.6 0.8 1.0

Signal (X—» bb/be/ce) efficiency O Already demonstrated in recent bb
or cc-tagging analyses
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Boosted bc-tagging & uncertainties

Resolved channel Boosted channel
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B

O Improved flavour
tagging uncertainties
(traditionally the key
challenge) thanks to
in-situ calibration
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Results

0,30 All/vb‘ll vs Luminosity
| —— boosted channel O Under Run'z data, the
0:2- resolved channel | conventional approach
0.20 - combination yi elds:
2 0157 AV Vel =
0.10 : 0.065 (flavor tag. syst.)
005 - i_ ® 0.154 (stat.)
. | -1 -1 -1 [ o
| 140 b 450 b 3000 1b . cross-checked with ATLAS
OOO T T T T L AL | T T T . R
100 200 500 1000 3000 preliminary results

Luminosity (fb™1)

O HL-LHC (3 ab-") reaches 0.05 relative uncertainty on |Vl

O ATLAS-CMS combination: 0.036 relative uncertainty.
Enable to offer critical insights to |Vl puzzle

Conggiao Li (Peking University) HQL 2025 16 September, 2025 9



17th International Conference on Heavy Quarks and Leptons (HQL 2025) Novel [Vl extraction via Lorentz-boosted bc-tagging at the LHC

Results
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O Our method also constrains
the BSM charged Higgs decay
H*—bc
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Thank you for your attention
—see you at the poster session!
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