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Higgs Physics

In 2012, the discovery of Higgs boson marked a significant milestone in SM.

Deviation from the Standard Model predictions on Higgs boson properties 

would provide clue for new physics.
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H→Zγ decay

G. Aad et al. [ATLAS and CMS], Phys. Rev. 
Lett. 132, 021803 (2024) 

First evidence of the h → Zγ:

obs SM 2 7( ) / ( .2 0.)Z Br Br   =  =

Agrees with the theoretical expectation within 1.9 standard deviations.
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H→Zγ decay

G. Aad et al. [ATLAS and CMS], Phys. Rev. 
Lett. 132, 021803 (2024) 

First evidence of the h → Zγ:

obs SM 2 7( ) / ( .2 0.)Z Br Br   =  =

With the ongoing Run3 of the LHC and the future 

CEPC, we will be able to improve the precision of 

this test.

F. An, Y. Bai, C. Chen, X. Chen, Z. Chen, J. 

Guimaraes da Costa, Z. Cui, Y. Fang, C. Fu 

and J. Gao, et al. Chin. Phys.C 43, no.4, 

043002 (2019)
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H→Zγ decay

G. Aad et al. [ATLAS and CMS], Phys. Rev. 
Lett. 132, 021803 (2024) 

BSM particles could be present in the quantum loops, which result in the deviation 

of branching fractions from the SM.

Two-loop Electroweak corrections

Z. Q. Chen, L. B. Chen, C. F. Qiao and R. Zhu, 

[arXiv:2404.11441 [hep-ph]].

Minimal Left-Right Symmetric Model

T. T. Hong, V. K. Le, L. T. T. Phuong, N. C. Hoi, N. 

T. K. Ngan and N. H. T. Nha, PTEP 2024, no.3, 

033B04 (2024).

New charged scalars Model

R. Boto, D. Das, J. C. Romao, I. Saha and J. P. Silva, 

Phys. Rev. D 109, no.9, 095002 (2024).

First evidence of the h → Zγ:

obs SM 2 7( ) / ( .2 0.)Z Br Br   =  =
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H→Zγ decay

G. Aad et al. [ATLAS], JHEP 07, 088 

(2023).
CMS Collaboration, JHEP07, 027(2021)
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In the usual BSM scenario, the new physical contribution affects γγ and Zγ in the same way. 

Difference between h → Zγ decay and h → γγ decay is sensitive to new physics.
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H→Zγ decay

Beyond SM effects can come in many different ways. In the SM effective field theory, the 

leading CP-even dimension-six operators are given as
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A. Y. Korchin and V. A. Kovalchuk, Phys. Rev. D 88, no.3, 036009 (2013)

However, it is still a challenging work to solve the excess problem for h → Zγ with a 

renormalizable model.

We could match the above NP operators to the effective Lagrangian responsible to h → γγ

and h → Zγ to obtain
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Model

The new fermions can couple to the Higgs doublet H
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We introduce two fermion singlets and a doublet to solve the problem.

The non-zero vev of Higgs can contribute to fermion masses leading to the new 

fermion mass matrices in the new basis with a rotation
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Model
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The mass and interaction Lagrangian is given by
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where the eigenvalues and mixing angles are 
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Flavor-conserving vertices

21 1
( , ),  ( ),f f f f f

Z f h Z Z f f f h f f

f f

c Q g vg I c Q g v A
m m

    = =

( ) ( )

 

2 2

2

2

2

2 2 2 2 4
( , ) ( ) ( ) ( ) ( ) ,

( ) ( ) ( )

2
( ) ( 1) ( ) ,

arcsin 1

( ) ,1 1
log 1

4 1

1/ 1arcsin( ) 1

( ) .1 1
1 1/ log 1

2 1

Z

f

b a b
I a b f b f a g b g a

a b b a b a

A f

f
i

g
i

   


 

  
 

 

  

  
  

 

+ −
= + − + −

− − −

= − +

 


=   + −
− −    − −  

 − 


=   + −
− −    − − 

2 2 2 2/ 4 , / 4f h f f Z fm m m m = =where

Both h → γγ and h → Zγ

The contributions of  f  in the fermion loop are given as 

,( , ) ( ) 4 / 3  when  Z f f f f f h ZI A m m  = =

and
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Flavor-changing vertices

Only h → Zγ

1 2 1 2 1 2

1 2( , ), 
X X X X X Xf f f f f f X X

Z f h Zc vQ g g L m m =

2 2
1 1

1 1 1 2
1 2 2 2 2 2 2 2 2 20 0

1 2

1 1
1 1 2

2 2 2 20 0
1 2

1 2

(2 1) 2 ( 2 2 1)
( , ) 2

(1 ) ( ) (1 )

(2 3) (2 1)
2

(1 ) ( )(1 ) (1 )

( ).

 

h h h Z

Z h

m y xy m x y m m xy y xy
L m m d y ydx

xy m xym xym x y m m m xy y

m y xy m m y xy
d y ydx

xy m xym y xy y xy m xy y m

m m

− + + + + − + +
=

− + − + + − −

− + + −
+

− + − − − + − −

+ 

 

 

( ) ( )2 2 2 2 2 2

1 1 2 2 1 2 1 1 2 2 2 1

1 2 2 3 2

1 2 1 2 1 2 1 2

2 4 4 log( / )
( , ) .

( ) ( ) ( ) ( )

m m m m m m m m m m m m
L m m

m m m m m m m m

− + − +
= −

− + − +

, 1,2/ 0X

h Zm m →Take                         , as the new fermions are expected to be much heavier than the SM particles,

The contribution of  𝑓𝑋 in the fermion loop are given as 

where
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The case for 𝑚1,2
𝑋 both to be positive
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Hence, the scenario of  𝑚1,2
𝑋 > 0 is not able to explain the observed 

discrepancy in the experiment. 

SM SM6.56,  11.67Zc c = − = −Remember

SM

, ,1 and 1 for | |   | |Z Z Zc c      

These lead to (around  𝑚1 = 𝑚2)

What if  𝑚2
𝑌+1 < 0?

Cannot explain the experiment
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The case for one of 𝑚1,2
𝑋 to be negative
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to ensure the positiveness of the fermion mass.      

The Lagrangian is significantly modified with an extra 𝛾5 appearing 

in the off-diagonal interactions.

To rigorously address the scenario with 𝑚2
𝑌+1 < 0, 
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Numerical results
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Numerical results

D. Barducci, L. Di Luzio, M. Nardecchia and C. Toni, JHEP 12, 154 (2023)
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Numerical results
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The two sets of solutions with the smallest couplings:
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Phenomenology

Solution 1: large decay widths of the order of hundreds GeV

Solution 2: decay widths being on the order of a few tens of MeV

ATLAS Collaboration, Phys.Lett.B 847 (2023)
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Conclusion

We find that a minimally fermion singlets and doublet extended 

NP model can explain simultaneously the current data on these 

decays.

We have found another solution which naturally enhances the h 

→ Zγ to the measured value, but keeps the h → γγ close to its SM 

prediction.

We look forward to the results of future experimental data.
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