
GESJ: Physics 2024 | No.1(30) 
ISSN 1512-1461 

 

45 

 UDC 539.1 
DOUBLE PHOTON DECAYS OF B MESON’S IN 2HDM 

G.G. Devidze1.2  ,                                                   
 

1)High Energy Physics Institute, Tbilisi State University,  
10, G. Danelia str., Tbilisi, 0186, Georgia  

2)University of Georgia, 77a, M. Kostava str., Tbilisi , 0171, Georgia 

 
 Abstract: B mesons double radiative decays γγ→B  are investigated in frame of two 
Higgs doublet model type II. The branching ratios are calculated.  
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The investigation of the B-meson’s rare decays is of great interest in order to test the standard 
model (SM) and beyond SM (BSM) physics. In the SM the leading contribution to the two-photon 
decays of neutral B mesons γγ→)(dsB comes from one-loop diagrams, up-type quarks and W-
bosons being particles exchanged in the loop [1]. The branching ratio of these decays is about 

)8(610 −−  [1] 
6101)( −⋅≈→ γγsBBr  ,      8103)( −⋅≈→ γγdBBr      (1) 

Whereas the current experimental limits on them are [2] 
6101.3)( −⋅<→ γγsBBr  ,   7102.3)( −⋅<→ γγdBBr   (2) 

In this article we have estimated additional to the SM contribution in the two Higgs doublet 
model (2HDM) type II [3]. Real charged Higgs particle may contribute into γγ→B decay in 
frame of 2HDM (fig.1). 

 
Fig. 1: γγ)(dsb → transition in the 2HDM via charged Higgs particle (dashed intermediate line); 
photons are emitted from any charged particles. 
 
The Lagrangian of interaction quarks with charged Higgs particles ( ±H ) has the following 
form[3] 

..]cottan[
2

chHudVPmPm
M

igL jiijRuLd
W

++= ββ             (3) 

Where 2/)1( 5, γ=RLP , um  and dm  are masses of down- up- quarks, ijV  are elements of 

Cabibbo-Kobayashi-Maskava matrix, 12 /tan vv=β  ( 2,1v being vacuum expectation of the Higgs 
bosons). 
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One can write down the amplitude for the decay γγ→B  in the following form (which is 
correct after gauge fixing for final photons) [1] 

[ ]βα
µναβµν

νµ εεεγγ 212211 )()()( kkiBAgkkBT +=→             (4) 

Where )( 11 kµε  and )( 22 kνε  are the polarization vectors of final photons with momentum 1k  and 

2k  respectively.  The scalar functions )(BA  are CP -even (odd) amplitudes for the processes 
γγ→B . 

Using Eq. (4) we find that the branching ratio of the decay γγ→B  can be represented as  
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Let us mention that our calculations are performed in the frame of Feynman-t’Hooft gauge and 
we use dimension regularization technique for divergent Feynman diagrams. Only one particle 
reducible diagrams contain divergent parts. The divergent parts mutually cancel in the sum of 
amplitudes and due to GIM mechanism [4]. 
The direct calculation gives following expressions for the charged Higgs particles contribution 
into A  and B  scalar functions:  
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Where Bf  is B–meson decay constant, and we have introduced following notation: 
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Using formulae (5)-(7) one can estimate the branching ratio of the decays γγ→)(dsB  (all necessary 
experimental data we need for this purpose are taken in [2]).  
 
Conclusion 
We have estimated charged Higgs particles contribution into γγ→B decay. For small value of 
charged Higgs particle ( )( GeVhundredfewaOM H ≈ ) and large βtan  the contribution of 
charged Higgs particle into branching ratio of the decay γγ→sB  is significant large (on the same 
level as SM estimate).This region of parameters are practically excluded by current experimental 
and theoretical investigations [3, 5]. Though, allowed region [3, 5] of parameters ( 4tan ≈β ,

)( TeVfewaOM H ≈ ) gives significant contribution (a few percent) into branching ratio of the 
decay γγ→sB . The branching ratio 610−  for sB  meson double-photon decay will be measurable in 
the foreseen feature. 
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