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Introduction

=  Postdoc with the SLAC ATLAS group, working on Higgs physics and

building Silicon tracker for the ATLAS experiment at the LHC
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The Real Introduction

YL Decade later
100 # & is a free parameter
Higgs discovery! ~ — SMprediction
- Today’s talk focuses on why this is so
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https://www.nature.com/articles/s41586-022-04893-w

Motivation
Why care about Higgs-charm coupling?

gauge boson fermion Yukawa Higgs-gauge  Higgs
interactions interactions couplings couplings self-couplings
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1 : : SM fermions get mass
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g — SM prediction u
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Higgs Production @LHC

Vector boson fusion IIIIII]IIIIIIIII]IIIIIIIl]]IIIIIIIII][IIIIIIIIII

M(H)=
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At q W, Z bremsstrahlung N
Top quark pair In association with W or Z, very clean! B
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Main production probe for H—>cc i |
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Challenges of H—> cc @LHC
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=  H—>cc 20X rarer than H—>bb

Solonoidmognet

Transition
J Radiation
Tracking Tracker

Pixel /SCT detector

= Harder to identify c-jets from

b or light-quark / gluon jets

=  All hadronic objects appear as scary of

particle in a cone (jets) in the detector
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H—> cc at the LHC

Run-2 Run-3 HL-LHC

2015 | 2016 | 2017 2018 |N2019[120200 12021 By Rarl 7= REF P 28T - LTI P I 2027 | 2028 | 2029 | 2030
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H—> cc at the LHC

Run-2 Run-3 HL-LHC
2015 | 2016 | 2017 2018 |[N2019[120200 12021 vy RNrI -=RRF TP 20T - LTI P I 2027 | 2028 | 2029 | 2030

=  Very difficult to probe only upper

limits on H—>cc
Phys. Rev. Lett. 136 (2026) 011801

JHEP 04(2025) 075

=  Associated production mode (VH)

T T 1 Ll I 1 T T T I T T |l 1 I Ll Ll T T I T T 1 Ll I 1 T T T I T T |l 1
— Observed CMS Preliminar 138 fo~! (13 TeV ‘e

ATLAS . Exs:;:d ; Y — . ALMLEALLL most sensitive and analyzed by

Vs=13 TeV, 140 fb" — Exgected i ¢ Observed 68% expected

VH, H — bb/ct [Expectedt2s | | | 77 Median expected 95% expected both ATLAS & CMS
0 lepton Combined ' .
Exp.= 17x SM Exp. 5.6 i =  In addition CMS has analyzed ttH
Obs.= 14x SM Obs. 9.3

) ; production mode!
1 lepton ttHH-cc) :
Exp.= 17x SM Exp. 8.7
Obs.= 21x SM Obs. 7.8 .
: U - . . .
2 lepton VH(H=cE) i Most stringent 95% upper limit
Exp.= 18x SM Exp.7.6 | .
Obs.= 22x SM Obs. 14 . 9.3xSM prediction
00 25 50 75 100 125 150 175
Combination 95% CL upper limit on PH-ce
Exp.= 11x SM
Obs.= 12x SM
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https://arxiv.org/abs/2410.19611

H—> cc at the LHC

Run-2 Run-3 HL-LHC

2015 | 2016 | 2017 2018 |N2019[120200 12021 By Rarl 7= REF P 28T - LTI P I 2027 | 2028 | 2029 | 2030

=  Even with 10X more data from high luminosity LHC, projected upper
limit on H—>cc 1.5X SM, no projected evidence no projected

observations! [ATL-PHYS-PUB-2025-018]

Is this all we can do?
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https://cds.cern.ch/record/2928907/files/ATL-PHYS-PUB-2025-018.pdf

Adding VBF production mode
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=  First analysis of H—>cc in the VBF production mode

(second largest production mode)

arXiv:2511.21911
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https://arxiv.org/abs/2511.21911

VBF H—>bb/cc

) ) HL-LHC
Run-2 — Run-3
2015 | 2016 | 2017 2(18 2022 2023 | 2024 2025 2026

= Analyzed partial 2018 dataset from Run-2 and 2022+2023 dataset from Run-3

=  Since H—>bb a large background in H—>cc search, H—>bb measured simultaneously

= Regions defined based on if both Higgs candidate jets are b- or c-tagged and data-taking year

Run 3 H — bb Run 3 H — cc Run 2 H — cc

jet jet

jet

jet jet
jet

arXiv:2511.21911
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https://arxiv.org/abs/2511.21911

Per analysis Region

= Task 1: For each channel we need to estimate non-res bkg from data
For each region

arXiv:2511.21911

Data . .
Signal Region

blinded

¢ ¢ Expected signal

=S
* o ‘

High side band

60 100 140 200

Prajita Bhattarai, Slac Summer Institute, August 11, 2026 AT LAS
EXPERIMENT



https://arxiv.org/abs/2511.21911

Per analysis Region

= Task 1: For each channel we need to estimate non-res bkg from data
For each region

arXiv:2511.21911

Data _ _ = Task 2: For each channel we need to separate signal
Signal Region
blinded events from background events
¢ 8 T T I T T T | T T T I T T T T
: s e ATLAS B
¢ ¢ Expected signal € F (s=13.6TeV,51.5fb" E
High side band go! ® Run3cc ¢ Data sidebands
N7 ¥VBFH> G |
/\ E ¢ + VBF Hos bb
1 = |
= = 4 ggF H—> ccC =
¢ St  veniny |
Low side band ® ® .
ow side ban B “ *’¥+¥X:X8xx_
¢ I $ o]
L ® ‘ ‘ + ¥
2 ML ISX
10 “ EMost background . + + —>
Elfikedretgic;n_used Y P * 1 Most signal like
FTOr data driven — re 'on
60 100 140 200 [ QCD background ® T *_ gi
~estimate Y
)
mbblcc [GeV] 10_3 1 | 1 I | | 1 | 1 | 1 | 1 1
0 0.2 0.4 0.6 0.8 1
ANN output score
Prajita Bhattarai, Slac Summer Institute, August 11, 2026 AT LAS

EXPERIMENT


https://arxiv.org/abs/2511.21911

Final Analysis Fit

arXiv:2511.21911

= Fit all 18 regions to extract the two POls simultaneously
Observed bb U,
SM Pred . bb

B Observed cc
~ SM Pred. cc

Hpp =

Run 3 H — bb Run 3 H — cc Run 2 H — cc
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https://arxiv.org/abs/2511.21911

Results VBF H—>cc

8% expected improvement with 63% more data

arXiv:2511.21911

ATLAS

VH, H— ¢ Run 2: 140 fb™!, ys=13 TeV
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https://arxiv.org/abs/2511.21911

Results VBF H—>bb

Data - Non-res.
(weighted)

Weighted events / 10 GeV
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Summary

=  Probing Higgs-charm Yukawa coupling extremely challenging but provides direct access to Higgs second generation quark coupling
=  Even with full LHC dataset, current projections doesn’t show evidence for H—>cc using the clean VH production mode

=  Adding other production modes crucial to extract most from the dataset

=  Presented first analysis of the VBF H—>cc/bb at LHC, lots of room for improvements in future
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