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The Weinberg-Salam unified theory of 

Electromagnetic and weak interaction (Standard Model – 

SM) has achieved great success [1]. It includes the 

production of neutral weak current, discovery of W - 

and 
0Z -gauge bosons and some of its claims are 

investigated successfully in experiments. One of the 
important acclaims of SM is the prediction for the 

existence of scalar Higgs boson. Some experiments are 

carried out for the discovery of Higgs boson in different 

Experimental Labs. 

Finally in LHC new information are received 

concerning the existence of Higgs boson with the mass of 

125 GeV [2-5]. So the Higgs boson decay channels which 

give rise to Higgs bosons have got more attentions [6-9]. 

In this work we have investigated the channels of 

Higgs boson decaying to two gamma quanta, one gamma 

and one Z0-boson, and to two gluon: 

, H                            (1) 

,0ZH                          (2) 

ggH  .                          (3) 

 

1. Higgs Decay to Two Photons.  
 

Since photons are massless particles, they do not 

couple to the Higgs boson directly. Nevertheless, the 

H  vertices can be generated at the quantum level with 

loops involving massive particles which couple to the 

Higgs boson. The H  couplings are mediated by 

charged fermions and W boson loops. 

The Feynman for the Higgs boson decay to photons 

with fermions loops are shown in the Fig. 1 the 4-

momentum of particles are shown over the diagram). 

 

 
 

Fig. 1. The Feynman diagrams for the processes H  

 
It is known that the interaction of Higgs boson with massive fermion is stronger, so we will calculate the diagram 

containing t-quark loop. 

The matrix element for the first Feynman diagram could be written as follow: 
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Here m  and Q  are the mass and charge of the fermion, 
)1*(

a  and 
)2*(

a  – are the 4-polarization vector of the 

fotons, GeVGF 246)2( 2/1    – is the vacuum expectation value of the Higgs boson field, FG  – signifies the 

Fermi constant of weak interaction. 

For the sake of simplification of the matrix element, first we calculate the trace of Dirac matrices: 
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Now by using Feynman integral techniques we calculate the integral in equation (4) 
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We have 
22

1

22 )(, mpkBmkA   and 
222)( mpkC   and we can simplify the denominator:  
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We will consider here the case of 02

2

2

1  pp  and 1 zyx . We define yzppmb )(2 21

22  , therefore, 

we can write D in the simplified form: 
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21 )( bzpypkD  .                                                 (8) 

 

Following this we can show that the integral in (4) becomes: 
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Let’s change the variables under the integral by  

 

zpypkk 21  . 

 

Then the integral (9) will be: 
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At this case tensor T   will be equal to: 
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It should be noted that the terms are – linear in k vanish when integrated (k is an odd function). Besides this the 

polarization vector for gamma quanta fulfill the following condition: 

 

0,0 2

)2*(

1

)1*(   papa . 

 

As result the T   tensor will take a simpler forms: 
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Now by integrating over k we will get 
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So we will have the following formula for the I  tensor: 
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Here I represents the following integral 
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and we have considered that in the center of mass system 
2

21 ).(2 HMpp  . 

Now we can write the matrix element for the Feynman diagram (a) as follow: 
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Following the same rule we can calculate also the Feynman diagram (b). Calculations show that the amplitude of 

the b) diagram is exactly the same as the first one ba MM  . The total amplitude is given by: 
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Let’s now calculate the square of matrix element for H . 
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The 4-polarization vector of gamma quanta with circular polarization ),0( aa


  could be written as follow: 
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Here n


 is the unit vector along the photon momentum, 


 is the unit vector perpendicular to photons momentum: 

n


  and )1(1 l  signifies the right (left) polarization of the photon.  

By integration with respect to phase volume in the center of mass frame we obtain the following expression for the 

total probability: 
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Here 11 l  and 12 l  – are the circular 

polarizations of photons. We can see from (19) that the 

gamma quanta should have right ( 121  ll ) or left     

( 121  ll ) polarization. 

The right polarization of one photon and left 

polarization of the other is being prohibited and this is due 

to the conservation of total momentum in the H  

reaction. 

After summing over the polarization states of 

photon, the probability for the H  reaction gets the 

following form: 
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2. Higgs Decay to photon and Z boson.  

 

This process also fulfill two Feynman diagrams depicted in figure 2. 

 

 

 
 

Fig. 2. Feynman diagrams for the process 
0ZH   

 

Let’s write first the matrix element for the Feynman diagram (a) 
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Here 
*

a  and U  are the 4-polarization vectors of photon and Z boson and 

 

wLg 2sin
3

2
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1
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3

2
                                               (22) 

 

are the right and left coupling constants of t-quark to Z boson and w  is the Weinberg angle. 

The trace of Dirac matrices will give: 
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While calculating the last relation the anti-symmetric term due to the indices   and   have been omitted because 

by summing over the polarization states of the Z0 boson and photon the resulted tensor is symmetric. Like the case of 

H we get the following expression for the matrix element: 
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Let’s now find the square of the matrix element and sum over the polarization of particles: 
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Here wwx 2sin  is the Weinberg parameter. 

The total probability of the process ZH  : 
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It should be mentioned that diagrams for the processes H  and 
0ZH   could be occurred by W-boson 

loops. The calculation for such diagrams will be considered in another work. 

 

3. Higgs Decay to Two Gluons. 

 

 One of the other interesting decay channel for Higgs boson is the process of converting to two gluons. The 

diagrams for this are shown in fig. 4. 

 

 

 
 

 

Fig. 3. Feynman diagrams for the process ggH  . 

 

 

Let’s first write the matrix element for the diagram a: 
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Here gs is the constant for the quark-gluon interaction, 
a

  and 
b

  are the polarization vectors for gluons and 

a  are the Gell-Mann matrices. 

We first find the trace of Gell-Mann matrices: 
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Now we carry on the summation over the color and 

polarization of the gluons: 
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Other calculations are carried like the case of the 

H . As result the square of the transition 

amplitude for the case of ggH   is: 
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Here 
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s

s

g
  is the constant for the strong interaction. 

So, we find here the total probability of the decay of 

scalar Higgs boson to two gluons: 
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Let’s now compare the probability of the decay of 

Higgs boson to two gluon over the decay to two photons: 
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The electric charge for the t-quark is 2/3, according 
to last calculations when we take the value of 

0007.0114.0)( zs M  for the strong interaction and 

015.0916.127)(/1 zM  for the case of 

electromagnetic interaction the following value will be 

derived for the ratio of probability which is quite high: 
 

.8600
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The real reason for this is the fact that the coupling 

constant for the strong interaction is much bigger 

(stronger) than electromagnet interaction ).(  s
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