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Roadmap of the Higgs boson discoveries (2012 - 2023)
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Eras of precision measurements of the Higgs boson

✔︎

✔︎

✔︎ ✔︎

✔︎

❓ ❓

✔︎❓❓ 3𝜎

‣Discoveries for dominant Higgs production 
and decay channels 

✓  productions: ggF, VBF, WH, ZH, ttH 

✓  decays: H→bb, WW, 𝛕𝛕, ZZ, 𝛄𝛄 

✓  evidence for H→Z𝛄, H→𝛍𝛍 

‣  Measurement precision of couplings  

• to W/Z vector bosons: ~ 5% 

• to the 3rd gen. fermions ( ): 7% ~ 12%t, b, τ
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Outline of this talk

• Higgs cross section measurement at 13.6 TeV  
• Higgs boson mass measurement updates 
• Constraints on the Higgs boson width  

• from on-shell Higgs mass measurement 
• from on-shell Higgs production plus 4-tops process 

• Cross section measurement from VH, H→bb channel 
• Cross section measurement from ttH/tH, H→bb channel 
• Updates on ttH, H→multi-leptons channel 
• Differential cross section measurement in H→𝛕𝛕 channel 
• Direct constraints on Higgs-charm Yukawa coupling 

• searching for VH, H→cc process  
• searching for cH, H→𝛄𝛄 process  

• Constraints on anomalous Higgs couplings in H→WW channel
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ATLAS and CMS Run 2 and Run 3 datasets

• Both experiments have collected  
• ~ 140 fb-1 luminosity at  TeV in full Run 2 
• already recorded ~ 180 fb-1 luminosity at  TeV til now in Run 3 

• Thanks to the CERN accelerator and technical teams for excellent LHC performance!
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Rediscovery the Higgs boson at 13.6 TeV

CMS-PAS-HIG-24-013 Eur. Phys. J. C 84 (2024) 78

• The Higgs cross sections measurement at 

13.6 TeV ➔ in good agreement with the SM.
Yuji Li's talk

Chengyang Pan's talk

https://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/HIG-24-013/index.html
https://link.springer.com/article/10.1140/epjc/s10052-023-12130-5
https://indico.ihep.ac.cn/event/22941/contributions/171358/attachments/84572/108071/CLHCP_yuji.pdf
https://indico.ihep.ac.cn/event/22941/contributions/171373/attachments/84648/108022/Chengyang_Pan_CLHCP_meeting_1114.pdf
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The Higgs boson mass measurement at < 0.1% precision

• ATLAS Run 2+Run 1 combination: . 

• CMS  has most precise single measurement: .

125.11 ± 0.09(stat.) ± 0.06(syst.) GeV

H → ZZ → 4l 125.04 ± 0.12 GeV

Phys. Rev. Lett. 131 (2023) 251802 Submitted to PRD

https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.131.251802
https://cms-results.web.cern.ch/cms-results/public-results/publications/HIG-21-019/index.html
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Updates on the Higgs boson width constraints

• CMS, ATLAS observed , in agreement with SM . 
• ATLAS on-shell Higgs production & 4-top obs.(exp.) set limit at 95% CL: . 
• CMS on-shell Higgs mass measurement in  set limit at 95% CL: .

ΓH = 3.2+2.0
−1.5 MeV, 4.5+3.3

−2.5 MeV 4.1 MeV
450 MeV (75 MeV )

H → ZZ → 4l 330 MeV

Submitted to PLB
Submitted to PRD

Chenguang Zhang's talk

Ehsan Musajan's talk

https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/TOPQ-2023-22/
https://cms-results.web.cern.ch/cms-results/public-results/publications/HIG-21-019/index.html
https://indico.ihep.ac.cn/event/22941/contributions/171366/attachments/84632/107993/clhcp2024.pdf
https://indico.ihep.ac.cn/event/22941/contributions/171369/attachments/84640/108011/241114_CLHCP_Ehsan.pdf
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VH, H→bb Simplified Template Cross Section measurement 

• The measurement of cross section times branching ratio in vector boson pT bins.  
• Measurements are in good agreement with the predictions within uncertainty.

Submitted to P.R.D Phys. Rev. D 109 (2024) 092011Yuhao Wang's talk

https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/HIGG-2020-20/
http://dx.doi.org/10.1103/PhysRevD.109.092011
https://indico.ihep.ac.cn/event/22941/contributions/171397/attachments/84759/108214/CLHCP-VHbbcc.pdf
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ggF and VBF processes, H→bb for boosted Higgs production 

• Large-radius jets signature, employing jet substructure and heavy-flavor tagger. 

• The observed signal strength for VBF and ggF, H→bb:    and  .4.9+4.9
−1.6 1.6+1.7

−1.5

Submitted to JHEP
2.7𝛔 consistency with the SM prediction

https://cms-results.web.cern.ch/cms-results/public-results/publications/HIG-21-020/index.html
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VH, H→cc direct constraints on the charm Yukawa coupling

• 95% CL upper limit on signal strength 11.5 and on coupling modifier . 
• Combination of H→bb and H→cc, setting 95% CL upper limit on: .   ➔ less than b- and 

c-quark mass ratio 4.578, confirming Higgs coupling to charm is weaker than coupling to bottom.

|κc | < 4.2
|κc /κb | < 3.6

Submitted to PRD

Stat. and sys. effect at a similar level ! Yuhao Wang's talk

https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/HIGG-2020-20/
https://indico.ihep.ac.cn/event/22941/contributions/171397/attachments/84759/108214/CLHCP-VHbbcc.pdf
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Direct constraints on charm Yukawa coupling from cH, H→𝛄𝛄

• Searching for signature of H→𝛄𝛄 plus 
one hadronic jet.  

• The observed (expected) limit at 95% CL 
on cH signal strength: 243 (355), on 
coupling strength: .|κc | < 38.1( |κc | < 72.5)

CMS-PAS-HIG-23-010

https://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/HIG-23-010/index.html
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ttH, H→bb cross section measurement in Higgs pT bins

Submitted to EPJC Submitted to JHEP

• ATLAS measured ttH cross section  

• CMS measured ttH signal strength: μtt̄H = 0.33 ± 0.17(stat.) ± 0.21(syst.)

https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/HIGG-2020-24/
https://cms-results.web.cern.ch/cms-results/public-results/publications/HIG-19-011/index.html
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Searching for tH, H→bb process

• 95% CL upper limit on tH production rate: 14.6 times the SM prediction.

Submitted to JHEP

https://cms-results.web.cern.ch/cms-results/public-results/publications/HIG-19-011/index.html
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ttH, H→multi-leptons channel status

• CMS set constraints on top-Higgs coupling CP property using full Run 2 dataset. 
• ATLAS updated on the ttW (main irreducible bkg.) cross section measurement.

JHEP 05 (2024) 131

Physics briefing: ttW production mild tension

JHEP 07 (2023) 092

: CP-even top-Higgs coupling modifier

: CP-odd top-Higgs coupling modifier

κt
κ̃t

Jialin Li's talk

https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/TOPQ-2019-30/
https://atlas.cern/Updates/Briefing/ttW-Mild-Tension
https://cms-results.web.cern.ch/cms-results/public-results/publications/HIG-21-006/index.html
https://indico.ihep.ac.cn/event/22941/contributions/171395/attachments/84767/108223/CLHCP_JialinLi.pdf
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H→𝛕𝛕 channel cross section measurement

PLB 857 (2024) 138964Submitted to JHEP

Compatibility 6%

• ATLAS has most precise single measurement on VBF production: . 
• CMS extended Higgs transverse momentum measurement beyond 600 GeV.

μVBF = 0.93+0.17
−0.15

Antonio De Maria's talk

https://cms-results.web.cern.ch/cms-results/public-results/publications/HIG-21-017/index.html
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/HIGG-2022-07/
https://indico.ihep.ac.cn/event/22941/contributions/171375/attachments/84642/108014/Slides_CLHCP_2024_ADM.pdf


以  天  之  语        解  物  之  道 17

Constraints on anomalous Higgs couplings in H→WW channel

EPJC 84 (2024) 779

• In H→WW→e𝛍 channel, all measurements are consistent with the SM predictions.
SMEFT Higgs basis parameters Warsaw basis parameters

https://cms-results.web.cern.ch/cms-results/public-results/publications/HIG-22-008/index.html
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Conclusion

• Rediscovery of the SM Higgs boson at 13.6 TeV in both experiments! 

• Run 2 legacy analyses are being finalized, more challenge analysis channels come later! 
• VH, H→bb updated STXS cross sections ➔ in good agreement with the SM 
• ttH, H→bb updated STXS cross sections ➔ CMS has 2.4𝛔 inconsistency with the SM 

• H→𝛕𝛕 channel provides STXS and differential cross section measurements 

• New ideas/approaches have been studied for Higgs properties measurement 
• Constraints on Higgs width using on-shell Higgs production and mass measurement 

• Constraints on charm-Higgs Yukawa coupling via cH, H→𝛄𝛄 channel: < 38.1 

• Combination of VH, H→bb and H→cc channels set limit on < 3.6 

• Run 3 already recorded more statistics than Run 2 + Run1, please stay tuned!

|κc |

|κc /κb |



Thanks
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Systematics ranking in VH and ttH, H→bb analysis
ttH, H→bb channel systematics rankingATLAS VH, H→bb/cc channels systematics ranking

8 top systs.!
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Systematics breakdown of the CMS H→𝛕𝛕 analysis


