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Overview

Á H  O  bb/cc searches crucial to probe Higgs boson 

couplings to b and c quarks

Á H O  cc not observed yet

Á H O  bb dominant  decay (BR~58%)

Á H O  cc search extremely challenging 

Á Small BR (~2.9%)

Á Overwhelming QCD bkg

Higgs production channels

Nature 607, 52т59 (2022)

Phys.Rev.D 110 (2024) 3

Courtesy of Izaak Neutelings

https://doi.org/10.1038/s41586-022-04893-w
https://doi.org/10.1038/s41586-022-04893-w
https://doi.org/10.1038/s41586-022-04893-w
https://doi.org/10.1038/s41586-022-04893-w
https://doi.org/10.1038/s41586-022-04893-w
https://journals.aps.org/prd/abstract/10.1103/PhysRevD.110.030001
https://journals.aps.org/prd/abstract/10.1103/PhysRevD.110.030001
https://tikz.net/sm_decay_piechart/
https://tikz.net/sm_decay_piechart/
https://tikz.net/sm_decay_piechart/
https://tikz.net/sm_decay_piechart/
https://tikz.net/sm_decay_piechart/
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Heavy flavor  tagging ( resolved )

CMS-DP-2024-066

FTAG-2023-01

CMS (similar for ATLAS)

AK4 b-tagging

Á Identifying  jets originated  from b/c jets 
crucial  for H  O  bb/cc searches

Á Relies on ML techniques for combining  many 

discriminating variables 

(more details in backup)

Á c-tagging more challenging 

than b-tagging 

Great improvements  in tagging performance  from latest 

developments in taggers architectures 

Ȉ direct benefits in HĄbb/cc searches

Nat Commun 17, 541 (2026)

https://cds.cern.ch/record/2904702/files/DP2024_066.pdf
https://cds.cern.ch/record/2904702/files/DP2024_066.pdf
https://cds.cern.ch/record/2904702/files/DP2024_066.pdf
https://cds.cern.ch/record/2904702/files/DP2024_066.pdf
https://cds.cern.ch/record/2904702/files/DP2024_066.pdf
https://cds.cern.ch/record/2904702/files/DP2024_066.pdf
https://cds.cern.ch/record/2904702/files/DP2024_066.pdf
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PLOTS/FTAG-2023-01/
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PLOTS/FTAG-2023-01/
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PLOTS/FTAG-2023-01/
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PLOTS/FTAG-2023-01/
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PLOTS/FTAG-2023-01/
https://doi.org/10.1038/s41467-025-65059-6
https://doi.org/10.1038/s41467-025-65059-6
https://doi.org/10.1038/s41467-025-65059-6
https://doi.org/10.1038/s41467-025-65059-6
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Heavy flavor  tagging ( boosted )

ATL-PHYS-PUB-2023-021
Á Highly boosted Higgs bosons can be 

reconstructed as a single large-radius 

jet

Á Dedicated taggers are implemented  

by ATLAS and CMS for boosted jets

 

2025 JINST 20 P11006

CMS State-of-the-art: 

ParticleNet -MD

based on GraphNN

ATLAS State-of-the-art: 

GN2X 

based on Transformer

https://cds.cern.ch/record/2866601
https://cds.cern.ch/record/2866601
https://cds.cern.ch/record/2866601
https://cds.cern.ch/record/2866601
https://cds.cern.ch/record/2866601
https://cds.cern.ch/record/2866601
https://cds.cern.ch/record/2866601
https://cds.cern.ch/record/2866601
https://cds.cern.ch/record/2866601
https://iopscience.iop.org/article/10.1088/1748-0221/20/11/P11006
https://iopscience.iop.org/article/10.1088/1748-0221/20/11/P11006
https://iopscience.iop.org/article/10.1088/1748-0221/20/11/P11006
https://iopscience.iop.org/article/10.1088/1748-0221/20/11/P11006
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Overview  H  O  bb /cc results  by ATLAS and CMS

Significance ATLAS CMS ref

VH (leptonic) 7.4 (8.0) „ 6.3 (5.6) „
ATLAS: JHEP 04 (2025) 075
CMS: Phys. Rev. D 109 (2024) 092011

VH (full hadronic) 1.7 (1.2) „ 1.0 (1.64) „
ATLAS: Phys. Rev. Lett. 132, 131802
CMS:CERN-EP-2025-280

ttH 4.6 (5.4) „ 4.4 (4.5) „
ATLAS: Eur. Phys. J. C 85, 210 (2025)
CMS: Phys. Rev. Lett. 136 (2026) 011801

VBF 3.2 (3.6) „ 2.4 (2.7) „
ATLAS: CERN-EP-2025-247
CMS: J. High Energ. Phys. 2024, 173 (2024)

ggF 3.8 (2.5) „ 2.5 (0.7) „
ATLAS: CERN-EP-2026-082
CMS: JHEP12(2020)085

Upper Limit ATLAS CMS ref

VH (leptonic) 11.5 (10.6) 14.0 (7.6) ATLAS: JHEP 04 (2025) 075
CMS: Phys. Rev. Lett. 131 (2023) 061801

ttH - 7.8 (8.7) CMS: Phys. Rev. Lett. 136 (2026) 011801

VBF 41 (28) - ATLAS: CERN-EP-2025-247

ggF - 45 (38) CMS: CMS-PAS-HIG-21-012

Covered in this talk

(published in 25/26)

Includes Run3 

results

H  O  bb

H  O  cc

https://doi.org/10.1007/JHEP04(2025)075
https://doi.org/10.1007/JHEP04(2025)075
https://doi.org/10.1103/PhysRevD.109.092011
https://doi.org/10.1103/PhysRevD.109.092011
https://doi.org/10.1103/PhysRevLett.132.131802
https://doi.org/10.1103/PhysRevLett.132.131802
https://doi.org/10.1103/PhysRevLett.132.131802
https://doi.org/10.1103/PhysRevLett.132.131802
https://doi.org/10.48550/arXiv.2601.05362
https://doi.org/10.48550/arXiv.2601.05362
https://doi.org/10.48550/arXiv.2601.05362
https://doi.org/10.48550/arXiv.2601.05362
https://doi.org/10.48550/arXiv.2601.05362
https://doi.org/10.48550/arXiv.2601.05362
https://doi.org/10.48550/arXiv.2601.05362
https://doi.org/10.1140/epjc/s10052-025-13740-x
https://doi.org/10.1140/epjc/s10052-025-13740-x
https://doi.org/10.1140/epjc/s10052-025-13740-x
http://dx.doi.org/10.1103/9nwb-splk
https://arxiv.org/pdf/2511.21911
https://arxiv.org/pdf/2511.21911
https://arxiv.org/pdf/2511.21911
https://arxiv.org/pdf/2511.21911
https://arxiv.org/pdf/2511.21911
https://arxiv.org/pdf/2511.21911
https://arxiv.org/pdf/2511.21911
https://doi.org/10.1007/JHEP01(2024)173
https://doi.org/10.1007/JHEP01(2024)173
https://doi.org/10.1007/JHEP01(2024)173
https://doi.org/10.1007/JHEP01(2024)173
https://doi.org/10.1007/JHEP01(2024)173
https://doi.org/10.1007/JHEP01(2024)173
https://doi.org/10.1007/JHEP01(2024)173
https://doi.org/10.1007/JHEP01(2024)173
https://arxiv.org/abs/2603.19369
https://arxiv.org/abs/2603.19369
https://arxiv.org/abs/2603.19369
https://arxiv.org/abs/2603.19369
https://arxiv.org/abs/2603.19369
https://arxiv.org/abs/2603.19369
https://arxiv.org/abs/2603.19369
https://doi.org/10.1007/JHEP12(2020)085
https://doi.org/10.1007/JHEP04(2025)075
http://dx.doi.org/10.1103/PhysRevLett.131.061801
http://dx.doi.org/10.1103/9nwb-splk
https://arxiv.org/pdf/2511.21911
https://arxiv.org/pdf/2511.21911
https://arxiv.org/pdf/2511.21911
https://arxiv.org/pdf/2511.21911
https://arxiv.org/pdf/2511.21911
https://arxiv.org/pdf/2511.21911
https://arxiv.org/pdf/2511.21911
https://cds.cern.ch/record/2809929
https://cds.cern.ch/record/2809929
https://cds.cern.ch/record/2809929
https://cds.cern.ch/record/2809929
https://cds.cern.ch/record/2809929
https://cds.cern.ch/record/2809929
https://cds.cern.ch/record/2809929
https://cds.cern.ch/record/2809929
https://cds.cern.ch/record/2809929
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ATLAS: Search for VHbb /cc (1/2)
JHEP 04 (2025) 075

Á Combined study  of VH H O  bb and H O  cc with Run-2 data (140 fb-1)

Á Dominant  bkgs: Top, Z/ W+jets , multi-jet, Diboson

Á Three main categories based on the leptonic  decay modes of Z/W: 

0L, 1L, 2L

Á H O  bb search conducted in resolved (pV
T<400 GeV) and 

boosted (Ў2=1.0 ð pV
T >400 GeV) regimes

H O  cc only in resolved regime

Á Resolved: b and c jets tagged with DL1r tagger  by means of 

orthogonal  WPs

Hbb  SR 

Hcc SR

V+jets  CR 

Top CR

Á 59 SRs (27 Hbb, 32 Hcc) and 97 CRs defined based 

on tagging and kinematic selections

Á BDTs (kinematics, flavor tagging and MET inputs) 

used in all signal regions to reduce bkgs

Á Signals extracted from binned maximum likelihood  fit  

to the BDT output distributions  

Á Analysis validated in ZZ and WZ to extract Z O  bb/cc

Hbb SR

Hcc SR

https://doi.org/10.1007/JHEP04(2025)075
https://doi.org/10.1007/JHEP04(2025)075
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JHEP 04 (2025) 075

ATLAS: Search for VHbb /cc (2/2)
Results

Á VH bb

observed (expected) significance: 

7.4 (8.0) std. dev. 

Á VH cc 

upper limit  on the signal strength:
Ⱨ╥╗
╬╬ Ȣ Ȣ    @ 95% CL

Interpretation  in the k-framework

Kb fixed  to 1ȿ▓╬ȿ Ȣ Ȣ          @ 95% CL
ȿὯȾὯȿ σȢφσȢυ    @ 95% CL

Confirmed weaker coupling  of Higgs 

to charm quarks wrt bottom quarks 

https://doi.org/10.1007/JHEP04(2025)075
https://doi.org/10.1007/JHEP04(2025)075
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ATLAS: Search for ttHbb
Á Full Run-2 data (139 fb-1) re-analysed  with improved strategy 

wrt previous search (not covered by this talk)

Á b jets tagged with the DL1r algorithm  

Á 2 channels based on W decays

Á double -lepton  (only resolved)

Á single -lepton  (resolved and boosted)

Á Dominant  bkg: tt+jets  categorized according to the additional  jets flavor:

tt+1b, tt+1B, tt +  2b, tt+  1c, tt+light  

Á Multiclass  transformer  trained in resolved  channels  to distinguish signal vs bkg

Á signal and 5 tt+jets  classes Ą SR and CRs defined based on the 

output scores

Á SR: additional  NN trained to identify  the Higgs boson candidate

Á 6 STXS regions defined based on pT
H 

Á DNN  trained in boosted  channel  to distinguish high-pT Higgs boson 

candidates from top quarks and multijet bkgs

Á Signal extracted with a combined profile  likelihood  fit  to data

Á Results:

observed (expected) significance: 4.6 (5.4) Ɑ

Eur. Phys. J. C 85, 210 (2025)

ЎὙ=1.0 ð pT>300 GeV

https://doi.org/10.1140/epjc/s10052-025-13740-x
https://doi.org/10.1140/epjc/s10052-025-13740-x
https://doi.org/10.1140/epjc/s10052-025-13740-x
https://doi.org/10.1140/epjc/s10052-025-13740-x
https://doi.org/10.1140/epjc/s10052-025-13740-x
https://doi.org/10.1140/epjc/s10052-025-13740-x
https://doi.org/10.1140/epjc/s10052-025-13740-x
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ATLAS: Search for ttHbb
Á Full Run-2 data (139 fb-1) re-analysed  with improved strategy wrt previous search (not covered by this talk)

Á b-jets tagged with the DL1r algorithm  

Á 2 channels based on W decays

Á single -lepton  (resolved and merged)

Á double -lepton  (only resolved)

Á Dominant  bkg: tt+jets  categorized according to the additional  jets flavor:

tt+1b, tt+1B, tt +  2b, tt+  1c, tt+light  

Á Multiclass  transformer  trained in resolved  channels  to distinguish signal vs bkg

Á signal and 5 tt+jets  classes Ą SR and CRs defined based on the output scores

Á SR: additional  NN trained to identify  the Higgs boson candidate

Á 6 STXS regions defined based on ptH 

Á DNN  trained in boosted  channel  to distinguish high-pT Higgs boson 

candidates from top quarks and multijet bkgs

Á Results:

observed (expected) significance: 4.6 (5.4) Ɑ

Main new analysis strategies  wrt  to previous analysis:

Á Looser event selection Ą 64% (29%) more events  selected 

in the single-lepton (dilepton ) SR

Á Improved b-tagging

Á Transformer network
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ATLAS: Search for VBF Hbb /cc (1/2)

/ b

/ ὦ

Á Simultaneous search for H  O  bb and H O  cc in VBF production

Á VBF H O  cc search conducted for the first time

Run2 (37.5 fb-1) + Run3 22-23 (51.5 fb-1) data

Á VBF H O  bb search conducted on Run3 only data and combined with Run2 results 

from previous analysis (not covered in this talk)

Á New inclusive trigger  tailored for VBF topology

Á Dominant  bkgs: multijet QCD (non-resonant), Z/W+jets (resonant)

Á b and c jets tagged with the GN2 algorithm

Á 3 channels : bb Run3, cc Run2 and cc Run3

Á Adversarial  Neural  Network  (ANN) trained in each channel to classify signal vs bkg

Á Signal: VBF MC simulation

Á Bkg: data in Higgs boson mass sidebands (50-100 and 140-200 GeV)

Á Mass decorrelated

Á 6 signal  regions  based on the output score (SR1-SR6)

Á SR6 (least signal purity ) used as control region to estimate the shape of QCD 

Higgs candidate mass distribution  

Á Signal extracted from simultaneous fit  to the Higgs candidate mass distribution

CERN-EP-2025-247

https://arxiv.org/pdf/2511.21911
https://arxiv.org/pdf/2511.21911
https://arxiv.org/pdf/2511.21911
https://arxiv.org/pdf/2511.21911
https://arxiv.org/pdf/2511.21911
https://arxiv.org/pdf/2511.21911
https://arxiv.org/pdf/2511.21911
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ATLAS: Search for VBF Hbb /cc (2/2)
Results

VBF bb

Á‘ πȢωχ πȢτυίὸὥὸȢ
Ȣ ίώί

Á observed (expected) significance: 2.0 (2.1) Ɑ

Á Combination with Run2 VBF and VBF+‎: 
Á observed (expected) significance: 3.2 (3.6) Ɑ

VBF cc 

Á First upper limit  on the signal strength:

Ⱨ╥║╕
╬╬    @ 95% CL

Á Constraints on ▓╬
ȿ▓╬ȿ Ȣ @ 95% CL    (expected)
ςȢσ ȿ▓╬ȿ Ȣ @ 68% CL    (observed)

Á Combination with VH cc

Á upper limit  on the signal strength:
Ⱨ╬╬    @ 95% CL

Á Constraints on ▓╬
ȿ▓╬ȿ Ȣ Ȣ @ 95% CL 

CERN-EP-2025-247

8% better  

wrt  VH

5% better  

wrt  VH

H  O  bb H O  cc

Ą First evidence

Ą First UL on VBF Hcc

https://arxiv.org/pdf/2511.21911
https://arxiv.org/pdf/2511.21911
https://arxiv.org/pdf/2511.21911
https://arxiv.org/pdf/2511.21911
https://arxiv.org/pdf/2511.21911
https://arxiv.org/pdf/2511.21911
https://arxiv.org/pdf/2511.21911
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ATLAS: Search for gg Hbb CERN-EP-2026-082

Á Search conducted on Run2 (140 fb -1) and Run3 22-24 (161 fb-1)

Á Boosted  analysis (ЎὙ=1.0 ð pT>450 GeV) 

Á bb-tagging performed  with an improved version of G2NX

Á Hbb candidate selected as leading or subleading bb-tagged jet (SRL and SRS)

Á Jet mass and pT resolution  improved with transformer -based regression  model

Á Dominant  bkgs: multijet QCD (non-resonant), Z/W+jets, ÔӶÔ

Á CR and VR defined to model the multijet bkg

Á Z O  bb used to calibrate jet tagging rates and jet mass scale and resolution

Á Signal extracted with a simultaneous likelihood  fit  to the jet mass distributions  in SRs 

and CRs

Results

Á ‘ ρȢυσ πȢςχίὸὥὸȢ
Ȣ ίώίπȢρχὸὬὩέ

Á observed (expected) significance: 3.8 (2.5) Ɑ Ą First evidence

https://arxiv.org/abs/2603.19369
https://arxiv.org/abs/2603.19369
https://arxiv.org/abs/2603.19369
https://arxiv.org/abs/2603.19369
https://arxiv.org/abs/2603.19369
https://arxiv.org/abs/2603.19369
https://arxiv.org/abs/2603.19369


Angela Zaza 13

CMS: Search for VHbb  (fully  hadronic )
CERN-EP-2025-280

Á Search conducted on Run2 data (138 fb-1)

Á Both Z/W (V) and H reconstructed as large-radius jets (AK8) Ą boosted  analysis

Á ParticleNet -MD  (mass decorrelated) tagger used 

Á scores: p(XĄbb), p(XĄcc), p(XĄqq), p(QCD)

Á Higgs candidate: AK8 jet with highest D(bb vs cc,qq) score

Á V candidate: second AK8 jet

Á Discarded events with V candidate characterized by high p(QCD) score

V

Á 3 categories based on the soft -drop mass (mSD) of the V candidate: 

40-68 GeV (CR), 68-110 GeV, 110-201 GeV (CR)

Á Events further  splitted in SR and CR based on the H candidate PNet score 

D(bb vs QCD) 

Á Dominant  bkgs: QCD (data-driven), V+jets  (MC simulation), 

tt  and single top (data-driven), ggH (MC simulation)

Á Signal extracted from a binned maximum likelihood  fit  to the Higgs candidate 

mSD distribution

https://doi.org/10.48550/arXiv.2601.05362
https://doi.org/10.48550/arXiv.2601.05362
https://doi.org/10.48550/arXiv.2601.05362
https://doi.org/10.48550/arXiv.2601.05362
https://doi.org/10.48550/arXiv.2601.05362
https://doi.org/10.48550/arXiv.2601.05362
https://doi.org/10.48550/arXiv.2601.05362
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CMS: Search for VHbb  (fully  hadronic )
CERN-EP-2025-280

Results

Á Signal strength:
‘ πȢχςȢ

Ȣ

Á observed (expected) significance: 

1.00 (1.64) Ɑ

https://doi.org/10.48550/arXiv.2601.05362
https://doi.org/10.48550/arXiv.2601.05362
https://doi.org/10.48550/arXiv.2601.05362
https://doi.org/10.48550/arXiv.2601.05362
https://doi.org/10.48550/arXiv.2601.05362
https://doi.org/10.48550/arXiv.2601.05362
https://doi.org/10.48550/arXiv.2601.05362
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CMS: Search for ttHĄcc/ bb
Á Search conducted on Run2 data (138 fb-1)

Á Simultaneous search on Hcc/ bb and Zcc/ bb 

Á Three categories based on the W decays

Á 0L: fully hadronic

Á 1L: semileptonic

Á 2L: dileptonic

Á Dominant bkgs: 

Á ἼӶἼ+jets  categorized in ÔӶÔ ςÂ, ÔӶÔ Â, ÔӶÔ ςÃ, ÔӶÔ Ã, ÔӶÔ ÌÉÇÈÔ
data-driven corrections estimated in CRs

Á ἼӶἼH(bb), ἼӶἼἨ(bb /cc) measured simultaneously to signal

Á minor backgrounds: single top, ÔӶÔW, tWZ, QCD

Á Heavy flavour tagging with ParticleNet  (2x improvement  wrt to DeepJet)

Á 11 mutually exclusive categories defined based on BvsC and B+CvsL discriminants

Á Multiclass  classifier based on transformer  (ParT) with 10/9 output classes

Á Signals extracted via a binned profile  likelihood  fit  to data of the ParT discriminant 

scores

Phys. Rev. Lett. 136 (2026) 011801

http://dx.doi.org/10.1103/9nwb-splk
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CMS: Search for ttHĄcc/ bb
Á Multiclass classifier based on transformer (ParT architecture)

Á Low level features: jets, leptons, missing energy properties

Á 10 (9) output classes in the 0L (1L, 2L) categories defined

Á Signal: ἼἼH(bb), ἼӶ◄ H(cc) , ÔӶÔ Z(bb), ÔӶÔ Z(cc)

Á ἼӶἼ+jets  : ÔӶÔ ςÂ, ÔӶÔ Â, 
              ÔӶÔ ςÃ, ÔӶÔ Ã, 
              ÔӶÔ ÌÉÇÈÔ

Á QCD (only in 0L)



Angela Zaza 17

CMS: Search for ttHĄcc/ bb
Results

ttHĄcc

Á Upper limit  on the signal strength:

Ⱨ◄◄╗
╬╬ Ȣ Ȣ    @ 95% CL

Á Constraints on kc:

ȿ▓╬ȿ Ȣ Ȣ @ 95% CL 

VHcc and ttHcc  combination

Ą First UL on tt  Hcc

Ⱨ╗╬╬ Ȣ Ȣ ͽ Ϸ╒╛ 

ȿ▓╬ȿ Ȣ ȿ▓╬ Ȣ ͽ Ϸ╒╛  

Ą Best result
     to date on Hcc!

ttHĄbb

Á Observed (expected) significance:

4.4 (4.5) Ɑ

ttHcc

ttHbb
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H+c results  by ATLAS and CMS
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ATLAS: Search for cH(♬♬)
JHEP 02 (2025) 045

Á Search conducted on Run2 data (140 fb-1)

Á c-tagging performed  with DL1r

Á Main bkgs: 

Á Events split in two  SRs based on c-tag  score

Á Signal extracted from a simultaneous maximum likelihood  

fit  to the di -photon  invariant mass distribution  (ά )

Á H-bkgs: e.g. bH, ggH, VBF, ê

Á non H-bkgs: QCD ‎‎ (data-driven)

signal

Results

Observed (expected) significance:

1.7 (1.0) Ɑ

https://arxiv.org/abs/2407.15550
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CMS: Search for cH(♬♬)
JHEP 2511 (2025) 060

Á Search conducted on Run2 data (138 fb-1)

Á c jet tagged with DeepJet

Á Main bkgs: 

Á Two BDTs classifiers with same input features (kin. and angular variables)

Á BDT1 trained to separate signal from ggH bkg (dominant  resonant bkg)

Á BDT2 trained to separate signal from continuous bkg

Á Events split in 3 classes based on BDT1 score

Á In each class, events split in 3 categories  based on BDT2 score  

Á Signal extracted from a simultaneous maximum likelihood  fit  to the di -photon  

invariant mass distribution  (ά )

Á H-bkgs: e.g. bH, ggH, VBF, ê

Á non H-bkgs: QCD ‎‎ (data-driven)

signal bkg

http://dx.doi.org/10.1007/JHEP11(2025)060
http://dx.doi.org/10.1007/JHEP11(2025)060
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CMS: Search for cH(WW)
CERN-EP-2025-169

Á Search conducted on Run2 data (138 fb-1)

Á Higgs decay studied in this search: ἒᴼἥἥᴼ▄ⱨ▄Ⱨ
ᶸⱨⱧ (suppress ZZ bkg)

Á c jet tagged with DeepJet

Á Main bkgs:

Á Two SRs and two CRs based on the c-jet multiplicity  and kinematic cuts

Á H-bkgs: e.g. bH, ggH, VBF, ê

Á non H-bkgs: tt , single top, diboson, V+jets

Á Two BDT classifiers with same inputs (kin. and c-tag variables):

Á Dbkg trained to separate cH from main bkgs (non H-bkgs)

Á DH-bkg trained to separate cH from other H processes

Á Outputs of the two BTDs combined in a 1-D distribution  used to 

extract the signal via a binned maximum likelihood  fit  to data in 

all SRs and CRs

signal
bkg

http://arxiv.org/abs/arXiv:2508.14988
http://arxiv.org/abs/arXiv:2508.14988
http://arxiv.org/abs/arXiv:2508.14988
http://arxiv.org/abs/arXiv:2508.14988
http://arxiv.org/abs/arXiv:2508.14988
http://arxiv.org/abs/arXiv:2508.14988
http://arxiv.org/abs/arXiv:2508.14988
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CMS: Search for cH CERN-EP-2025-169

Results

Á cH(♬♬)

ÁⱧ╬╗ @ 95% CL

Áȿ▓╬ȿ @ 95% CL

Á cH(WW)

ÁⱧ╬╗    @ 95% CL

Áȿ▓╬ȿ @ 95% CL    

Á Combination 

ÁⱧ╬╗    @ 95% CL

Áȿ▓╬ȿ @ 95% CL 

Ą First constraint  on

     kc in a cH analysis

http://arxiv.org/abs/arXiv:2508.14988
http://arxiv.org/abs/arXiv:2508.14988
http://arxiv.org/abs/arXiv:2508.14988
http://arxiv.org/abs/arXiv:2508.14988
http://arxiv.org/abs/arXiv:2508.14988
http://arxiv.org/abs/arXiv:2508.14988
http://arxiv.org/abs/arXiv:2508.14988
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bbH  results  by CMS
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CMS: Search for bbH
Physics Letters B, Volume 860, January 2025, 139173

Á Search conducted on Run2 data (138 fb-1)

Á Higgs final states considered: HĄ Ⱳ Ⱳ (††, e†, ‘†, e‘) HĄWW (e‘)

Á Dominant  bkgs: ÔӶÔ, V+jets, DY, diboson, single top, QCD multijet (data-

driven)

Á Fake factor method to estimate the background from jets misidentified as †

Á Multiclass BDTs

Á Signal extracted from a simultaneous binned maximum likelihood fit to the 

distributions of the BDT scores across all the categories 

Results

Ⱨ╫╫╗ Ȣ Ȣ    @ 95% CL

yb
yb yt

https://www.sciencedirect.com/journal/physics-letters-b
https://www.sciencedirect.com/journal/physics-letters-b
https://www.sciencedirect.com/journal/physics-letters-b
https://www.sciencedirect.com/journal/physics-letters-b


Á H O  bb and H O  cc searches conducted by ATLAS and CMS in many production channels

Á VH and ttH driving the sensitivity

Á Great enhancement in sensitivity due to the usage of advanced  deep learning  architectures in

Á Heavy flavour tagging

Á Signal vs backgrounds classification

Á Jet energy regression

Á Stringent constrains on the charm Yukawa coupling  modifier  ▓╬
Á H O  cc (most sensitive)

Á H+c
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Conclusions

ê what  next ?
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Thank you  for your  attention !

Questions ?

Angela Zaza  
angela.zaza@cern.ch
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Backup slides
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Heavy flavour  tagging

Heavy-flavour jets:
Á Lifetime of b (c) hadrons ~ 1.5 ps (~1 ps)
Ȉ displaced tracks from PV (impact parameter)
Ȉ secondary vertices

Á Larger mass and harder fragmentation wrt  light quarks and 
gluons
Ȉ larger pT of the decay products and higher track 
multiplicity

Á Presence of a muon or electron  in 20% (10%) of the cases
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DeepJet - CMS

Á Low level features from a large number of jet constituents
Á  Automatic  feature engineering performed for each 

constituent  using 1x1 convolutional layers
Á 3 RNN layers combine the information for each 

constituent  sequence
Á Fully connected layers combine the full jet and per-event 

level information

JINST 15 (2020) P12012

https://arxiv.org/abs/2008.10519
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ParticleNet  - CMS

Á Permutation-invariant Dynamic Graph Convolutional  Neural Network

Á jet treated as an unordered set of particles (particle cloud)

Á Each PF candidate and SV in a jet corresponds to a node in the graph

Á Edges of the graph correspond to 
connections between nodes and 
are used to learn relations among 
constituents

CMS_DP2023_021

CMS_DP2024_064

Multiple tasks 

Á Jet classification

Á Jet pT regression

Á Jet energy resolution estimation

arxiv1902.08570

https://cds.cern.ch/record/2857440/files/DP2023_021.pdf
https://cds.cern.ch/record/2904704/
https://arxiv.org/pdf/1902.08570
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UParT - CMS

Transformer  model

Á introduces pairwise  "interaction"  

features between all input jet 

constituents and secondary vertices

Ámultiple tasks simultaneously:

Á classification with additional  classes: s and ⱲH

Á energy regression

Á energy resolution

Á Adversarial Training  robustness against MC simulation mismodeling

arXiv:2202.03772

https://arxiv.org/abs/2202.03772
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GN2 -ATLAS

Transformer  model
Á Directly takes as input track variables and jet kinematics

(without  specialized low-level algorithms, as in DL1d)
Á Additional training tasks to reconstruct  internal structure
Á Track origin prediction
Á Vertex prediction
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DL1 -ATLAS

DL1
Á Fully-connected  feed forward NNs
Á Inputs: high-level variables which are the output scores of 

optimized algorithms (low-level algorithms)
Á DL1r Ą RNNIP (recurrent neural network) trained to identify the 

origin of tracks from a set of track and jet features
Á DL1d Ą DIPS (Deep Impact Parameter Set)
Á Jet represented as a cloud (unordered set of tracks)
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VHbb /cc - ATLAS

BDT input variables
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VHbb /cc - ATLAS

SRs and CRs


