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Outline



Higgs	is	so	peculiar

• The only scalar in fundamental particles 

• Responsible for EWSB and explain the 
origin of mass 

•Its mass is at EW scale O(100GeV) 

•Its special mass lineshape
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Important to measure its properties.

Physics Briefing

https://cms.cern/news/life-higgs-boson


Higgs	Boson	Mass
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•    A free parameter in Standard Model 

•    Important ingredient in SM predictions    
(e.g Higgs production/decay) 

•    Best measured with clean channels: 4l, 𝛾𝛾 

•    Most precise measurement from CMS:      
4l+𝛾𝛾 Run 1 + 2016:  125.38±0.14(0.11) GeV
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PLB	205(2020)135425

4l : 125.26±0.20(stat)± 0.08(syst)GeV 𝛾𝛾 : 125.78±0.18(stat)± 0.18(syst)GeV
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Prospect	for	Higgs	Mass	Measurement	in	HL-LHC

• Projection based on Run 2 data analysis accounting some changes: 

• much higher pileup 

• significantly more granular energy corrections of ECAL due to enhanced statistics 

• better resolution for µ and higher acceptance for µ/e due to new tracker

CMS-PAS-FTR-21-008 CMS-PAS-FTR-21-007

𝛾𝛾 : 125.38±0.07(0.02) GeV 4l : 125.38±0.03(0.022) GeV



• Higgs production rate:
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Higgs	Boson	Width

• Indirect measurement: measuring the signal 
strengths in on-shell and off-shell separately, and 
take their ratio:  ZZ is the ideal channel

• Direct measurements :  measuring Higgs lifetime or on-shell width.    
mass resolution limited by detector resolution 1-2GeV.

•    Predicted width in SM 𝜞H:    4.07MeV 

~3×10-3 eV < 𝜞H < 0.5 - 3 GeV 
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Off-shell	Higgs	in	ZZ	channel
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• Difficulties for probing off-shell Higgs: 

• low production rate:   ~10% of total xs 

• large destructive interference with continuum 
background

Nature	Phys.	18(2022)1329

JHEP04(2014)060



Evidence	for	off-shell	Higgs	and	Measured	Width	
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• off-shell Higgs evidence: 3.6σ • Observed 

Nature	Phys.	18(2022)1329

4l on-shell:      140fb-1 

4l off-shell:       78fb-1 

2l2𝝂 off-shell: 138fb-1



Higgs	CP	Structure
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•    Higgs is CP even scalar in SM:   JPC = 0++

•    Alternative spin/parity hypothesis excluded by > 99.9% CL at Run 1 
with bosonic channels

•    Strong theoretical motivation to search for CP-violating effects in 
couplings of Higgs and fermions 

      CP-odd contribution for Higgs and bosons couplings largely suppressed

Probing process Scale of CP-odd contribution

Fermion Htt, H𝜏𝜏 O(1):  tree level

Gauge boson Hzz, Hww, Hz𝛾, H𝛾𝛾, Hgg O(1/Λ2)

Λ is the scale of  BSM physics in effective field theory 



Probe	CP	violation	in	H𝜏𝜏
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•    Lagrangian for 𝜏 Yukawa coupling parameterized with 

•    Use observable ΦCP to probe the effective mixing angle aH𝜏𝜏

JHEP	06(2022)012

CP even CP odd

observed: -1±19° 
expected:  0±21°



Probe	CP	violation	in	ttH+tH
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•    Similarly, Lagrangian for top Yukawa coupling parameterized with 

CP even CP odd

•    ttH+tH (multilepton channel): train BDT to separate CP-even and CP-odd

arXiv:2208.02686,	accepted	by	JHEP

| fHtt
CP | = 0.28 (<0.55 at 1𝜎)

Pure CP-odd disfavored at 3.2𝜎



HVV	Anomalous	Couplings
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•    Interaction amplitude of H and VV(ZZ, WW, Z𝛾, 𝛾𝛾 and gg) are parameterized as: 

fai =
|ai |

2 σi

∑j |aj |
2 σj

aj = a2, a3,
1

Λ2
1

• Measure                        by assuming                                           to probe HVV 
Anomalous couplings,  multiple analyses performed with on-shell Higgs events:  
H→𝝉𝝉, H→4l, H→ 𝛾𝛾

• Define:   

CP odd

arXiv:2205.05120,	accepted	by	PRD



Hgg	Anomalous	Couplings
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•    Constrain Hgg anomalous couplings by measuring ggH production

• Two EFT couplings:   

CP odd

CP even

• Effective fractional XS for Hgg:    

arXiv:2205.05120,	accepted	by	PRD



HVV	Anomalous	Couplings	from	Off-shell
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• off-shell events brings  O(10%) ~ O(50%) improvement on limits

Nature	Phys.	18(2022)1329

• HVV anomalous 
couplings introduce 
distinct kinematics in 
off-shell region. 

• More significant in VBF 
production mode.



Summary

• Higgs mass measurement: 125.38±0.14(0.11) GeV (𝛾𝛾 + 4l  Run 1 + 2016)                                                                            

• First evidence of off-shell Higgs production at LHC:  4l +2l2𝜈 ⇒ 3.6σ 

• Higgs width measurement:                            MeV 

• CP violating effect probed in fermion sector,  pure CP odd coupling 
excluded > 3σ 

• Stringent limits on HVV anomalous couplings.  

• More precise measurement with Run 3 data.  Stay tuned!
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ΓH = 3.2+2.4
−1.7
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• backup
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2l2ν+4l		combined	results	summary

 18

Nature	Phys.	18(2022)1329



μoffshell	and	Anomalous	Couplings
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Nature	Phys.	18(2022)1329



Previous	results	on	width	measurement
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• CMS:  H→ZZ→4l      

on-shell:   Run 1 + Run 2 (77.5fb-1)
off-shell:   Run 2 (77.5fb-1)

68% [95%]

PRD	99	(2019)	112003

http://dx.doi.org/10.1103/PhysRevD.99.112003


HVV	anomalous	coupling	from	on-shell
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CMS-HIG-19-009



HVV	anomalous	coupling	from	4l	on-shell	+	off-shell
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CMS-HIG-19-009



What	if	𝜞H	deviates	from	SM
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https://indico.ihep.ac.cn/event/14180/session/0/contribution/93/material/slides/0.pdf

https://indico.ihep.ac.cn/event/14180/session/0/contribution/93/material/slides/0.pdf

