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Higgs Boson 
Properties

Discovery sm  bSm research 

Neutral scalar particle
 

The hypothesis of a 
pseudoscalar particle has been 
excluded at 99.95% 

JPC = 0++

More data
Ref

Ref

What happened to antimatter? The 
asymmetry between matter and antimatter 
implies CP violation. The Standard Model 
(SM) can only partially explain the CP 
violation needed → we look for other sources 
of violation. 

Objective: to be sensitive to anomalous 
couplings BSM (Beyond Standard Model). 

https://pdf.sciencedirectassets.com/271623/1-s2.0-S0370269312X00285/1-s2.0-S0370269312008581/main.pdf?X-Amz-Security-Token=&X-Amz-Algorithm=AWS4-HMAC-SHA256&X-Amz-Date=20240327T065553Z&X-Amz-SignedHeaders=host&X-Amz-Expires=300&X-Amz-Credential=ASIAQ3PHCVTYUPXCTTAT/20240327/us-east-1/s3/aws4_request&X-Amz-Signature=0b687399d76bc14a26f7200903aad5cc7ebdd539450c36b1ac0ae0379aaa0223&hash=b1ed6ad5dbf36dfee31c04d3e36527fe2532c013e5d2c47aad21dbd96cb3f181&host=68042c943591013ac2b2430a89b270f6af2c76d8dfd086a07176afe7c76c2c61&pii=S0370269312008581&tid=spdf-e28ea83e-55b1-4ded-b9eb-5445a971d260&sid=636a86753fa3b04755786b167089c6b75ba6gxrqb&type=client&tsoh=d3d3LnNjaWVuY2VkaXJlY3QuY29t&ua=13125d5302065501515706&rr=86ad7a33ac3a74ee&cc=it
https://cds.cern.ch/record/1502670/files/PhysRevLett.110.081803.pdf
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 BSM couplings|HVV 

The 'point-like' coupling ( )   becomes a complete theory 
when probing larger scales ( )  

GF

MW ∼ 100GeV

~ ?

AC Approach (Anomalous Coupligs)

a2(CP)
4 anomalous couplings

aZZ
i = aWW

i

a3(CP)

aΛ1
(CP)

aZγ
Λ1

(CP)

New physics scale 
( )Λ1 = 1TeV

CP even 
  

CP odd SM : VV = ZZ,WW

Tree level Loop level



fai =
|ai |

2 σi

∑j=1,2,3,Λ1
|aj |

2 σj

4i cross section of the process with  σi ai = 1

Scala di nuova fisica 
( )Λ1 = 1TeV

CP pari 

Effective cross section fractions 

  
CP dispari 

ϕai = arg(
ai

a1
)

 =  ,   ,   ,  fai fa2 fa3
fΛ1

fZγ
Λ1

 ACCOPPIAMENTI BSM |HVV 

‣ Indipendent of  

‣ Limited between [-1,1] 

ΓH

Tree level Loop level

SM : VV = ZZ,WW
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BSM couplings|Hff 

A(Hff ) = −
mf

v
ψ̄f(kf+ik̃fγ5)ψf

SM 

fHff
CP =

| k̃f |
2

|kf |
2 + | k̃f |

2 sign(
k̃f

kf
) αHff = tan−1(

k̃f

kf
)

  
CP odd 

Dirac spinors 

fermion mass 

Vacuum expectation value. 
CP-even Yukawa coupling modifier.

(SM : ) 
CP-odd Yukawa coupling modifier. 

(SM : )

ψ̃f , ψf →
mf →
v →
kf →

kf = 1
k̃f →

k̃f = 0

Effective cross section fractions 
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Channel Measure Combined with REF

ttH [H]→ ɣɣ Hff Phys. Rev. Lett. 125, 061801 (2020)  

H → ZZ HVV,Hff H → ɣɣ Phys.Rev.D 104 (2021) 5, 052004

H → 𝜏𝜏 HVV,Hff H → ZZ + H → 𝜏𝜏 Phys. Rev. D 108 (2023) 032013

CMS analysis

https://inspirehep.net/files/206eb66ef9547308fa4cd275dfd79427
https://inspirehep.net/files/09a2e59fa16ebf014aa6d0e63db40e94
https://inspirehep.net/files/b4f75969056328cfc2912bb41cc2a13b


KEY point of all the analysis
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The distributions of the kinematic variables are sensitive to Higgs quantum numbers and anomalous 
couplings 

Obviously, using all the kinematic variables available would make the analysis very complex so we choose 
to create ad hoc variables for the problem of interest that summarize the kinematic variables.
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CMS analysis

“Measurements of ttH production and the CP structure of the Yukawa 
interaction between the Higgs boson and the top quark in the 

diphoton decay channel“

Channel Measure Combined with REF

ttH [H]→ ɣɣ Hff Phys. Rev. Lett. 125, 061801 (2020)  

H → ZZ HVV,Hff H → ɣɣ Phys.Rev.D 104 (2021) 5, 052004

H → 𝜏𝜏 HVV,Hff H → ZZ + H → 𝜏𝜏 Phys. Rev. D 108 (2023) 032013

https://inspirehep.net/files/206eb66ef9547308fa4cd275dfd79427
https://inspirehep.net/files/09a2e59fa16ebf014aa6d0e63db40e94
https://inspirehep.net/files/b4f75969056328cfc2912bb41cc2a13b
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‣First observation of the Htt coupling in a single decay channel.  

‣First analysis of the CP structure in ttH.

‣ BDT BKG to distinguish between ttH events and background (ɣɣ + j / tt + ɣɣ). 

‣ Further categorization using MELA variables (Matrix Element Likelihood Analysis).

 = kinematics information 
 alt =alternative Hypothesis 
ΩDalt(Ω) =

PSM(Ω)
PSM(Ω) + Palt(Ω) D0−(Ω) =

PSM(Ω)
PSM(Ω) + P0−(Ω)

ttH [H]→ɣɣ | Htt coupling
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Ref

 (all BSM type of events) → bin 1 =   26 events 

  (all SM type of events) → bin 1 =  8 events 

fCP = 1

fCP = 0

 summerize the kinematics information to maximize the 
analysis sensitivity to anomalous contributions.
D−

0

The number of events expected in each bin is the Key point to 
perform a fit in the   

Then the fits will be combined to perform a global fit!

Mγγ

ttH [H]→ɣɣ | Htt coupling

https://inspirehep.net/files/206eb66ef9547308fa4cd275dfd79427
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The categories were defined using the output of the BDT (BDT bkg) and 
maximizing the analysis sensitivity to anomalous contributions.

D−
0

Ref
Ref

Ref

Global Fit

ttH [H]→ɣɣ | Htt coupling

https://inspirehep.net/files/206eb66ef9547308fa4cd275dfd79427
https://inspirehep.net/files/206eb66ef9547308fa4cd275dfd79427
https://inspirehep.net/files/206eb66ef9547308fa4cd275dfd79427
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“Constraints on anomalous Higgs boson couplings to vector bosons 
and fermions in its production and decay using the four-lepton final 

state“

Channel Measure Combined with REF

ttH [H]→ ɣɣ Hff Phys. Rev. Lett. 125, 061801 (2020)  

H → ZZ HVV,Hff H → ɣɣ Phys.Rev.D 104 (2021) 5, 052004

H → 𝜏𝜏 HVV,Hff H → ZZ + H → 𝜏𝜏 Phys. Rev. D 108 (2023) 032013

CMS analysis

https://inspirehep.net/files/206eb66ef9547308fa4cd275dfd79427
https://inspirehep.net/files/09a2e59fa16ebf014aa6d0e63db40e94
https://inspirehep.net/files/b4f75969056328cfc2912bb41cc2a13b
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1.Channels considered: 2e2μ, 4μ, and 4e in the Higgs decay 

2. MELA variables to distinguish signal from background 

3. Definition of specific categories for different anomalous couplings and different HVV and Hff interaction

On shell h-4l | HVV, Hff couplings

+

DECAY
PRODUCTION

HVV : production and decay 
(V=ZZ,WW) Htt : production

*

Gluon gluon fusion

t-quark fusion

Vector boson fusion

WW/ZZ bremsstrahlung
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VBF
VH
ggH

+

ttH

H
VV

Fix others: only on of  ; the others fixed to 0  
Floating others: ;  the others free to change in the fit 

fai ≠ 0
fai ≠ 0

On shell h-4l | HVV coupling

0.4+4.4
−0.7 × 10−4 (0 ± 8) × 10−4fa3

Expected                   Observed

 Scan 2D 2 couplings free to change in the fit 

Fix Others :

Ref Ref

https://inspirehep.net/files/09a2e59fa16ebf014aa6d0e63db40e94
https://inspirehep.net/files/09a2e59fa16ebf014aa6d0e63db40e94
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Limit on the Htt coupling using the ttH and 
Hgg production methods.

Expected                          Observed

VBF
VH
ggH

+

ttH H
ff

On shell h-4l | Htt coupling

ggH loop dominated by 
the top quark 

−0.04+0.38
−0.36fHtt

CP −0.0 ± 0.3

Ref Ref

https://inspirehep.net/files/09a2e59fa16ebf014aa6d0e63db40e94
https://inspirehep.net/files/09a2e59fa16ebf014aa6d0e63db40e94
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“Constraints on anomalous Higgs boson couplings to vector bosons 
and fermions from the production of Higgs bosons using the ττ final 

state“

Channel Measure Combined with REF

ttH [H]→ ɣɣ Hff Phys. Rev. Lett. 125, 061801 (2020)  

H → ZZ HVV,Hff H → ɣɣ Phys.Rev.D 104 (2021) 5, 052004

H → 𝜏𝜏 HVV,Hff H → ZZ + H → 𝜏𝜏 Phys. Rev. D 108 (2023) 032013

CMS analysis

https://inspirehep.net/files/206eb66ef9547308fa4cd275dfd79427
https://inspirehep.net/files/09a2e59fa16ebf014aa6d0e63db40e94
https://inspirehep.net/files/b4f75969056328cfc2912bb41cc2a13b


+VBF
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On shell h-𝜏𝜏| HVV & Htt coupling
Considered channel: τhτh, μτh, eτh, eμ

17

+ggH
HVV Htt

fa3 0.20+0.26
−0.16 0.00 ± 0.05

ExpectedObserved 

fHtt
CP 0.03+0.17

−0.03 0.00 ± 0.12

Ref Ref

ExpectedObserved 

https://inspirehep.net/files/b4f75969056328cfc2912bb41cc2a13b
https://inspirehep.net/files/b4f75969056328cfc2912bb41cc2a13b


Summary

18

‣ Studies on anomalous couplings are essential to understand the nature of the Higgs boson 

‣Analyses with the most stringent limits on CP violation and anomalous couplings presented by the 
CMS experiment have been addressed 

‣ A rapidly growing field with recent advances and possibilities for new interpretations 

‣Analyses are limited by statistical uncertainties, so we expect improvements from the increase in data.



19

Thanks for the attention!

‣ Studies on anomalous couplings are essential to understand the nature of the Higgs boson 

‣Analyses with the most stringent limits on CP violation and anomalous couplings presented by the 
CMS experiment have been addressed 

‣ A rapidly growing field with recent advances and possibilities for new interpretations 

‣Analyses are limited by statistical uncertainties, so we expect improvements from the increase in data.

Summary
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VBF
VH
ggH

+

ttH

H
VV

interpretazione in termini di accoppiamento

On shell h-4l |accoppiamento HVV
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Il canale di produzione può essere sfruttato per l’analisi 
dell’accoppiamento Hgg 

VBF
VH
ggH

+

ttH H
gg

On shell h-4l |accoppiamento HVV

−0.04+1.04
−0.96f ggH

a3 0 ± 1
Expected                   Observed





Hadronic Leptonic
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‣First observation of the Htt coupling in a single decay channel.  

‣First analysis of the CP structure in ttH.

‣ BDT BKG to distinguish between ttH events and background (ɣɣ + j / tt + ɣɣ). 

‣ Further categorization using MELA variables (Matrix Element Likelihood Analysis).

 = kinematics information 
 alt =alternative Hypothesis 
ΩDalt(Ω) =

PSM(Ω)
PSM(Ω) + Palt(Ω) D0−(Ω) =

PSM(Ω)
PSM(Ω) + P0−(Ω)

ttH [H]→ɣɣ | Htt coupling


