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Abstract. Taking account of the Randall-Sundrum model, we have evaluated the 

influence of model parameters in + − − +→ →e e Z l l bb  collision at International 

Linear Colliders (ILC). In the ILC region, the total cross-section is enhanced at the 

125 GeV radion. The total cross-section depends on the polarization of ,− +e e  

initial beams, the radion mass 
m , the center of mass energy s . Based on the 

forward - backward asymmetry and the polarization of beams, the reaction can give 

observable cross-sections based on 
− +l l bb  final state. 

Keywords: Randall-Sundrum model, radion mass, cross-section, anomalous 

couplings. 

1.   Introduction  

The Randall-Sundrum (RS) model, one of some models beyond the Standard Model 

(SM), has been aimed at solving the hierarchy problem [1]. The RS model with IR and 

UV three-branes has allowed the appearance of an additional scalar called the radion 

( ) , which has been expected to be the lightest new gravity state [2]. Based on the same 

quantum numbers, radion and Higgs boson can be mixed [3-7]. 

Due to the light radion with a mass below 100 GeV, the Z resonance peak can be 

detected at the ILC. The radion mass eigenstate contains a heavy mixture of the SM 

Higgs boson when its mass is near 125=hm GeV [8]. The parameter value region which 

is difficult to detect at Large Hadron Colliders (LHC) could be examined by the 

associated production of Z boson and the heavy radion with the bb  final state. This 

channel is better suited to analyze at ILC [6]. The radion couplings to Z  is dominated 

in the region  0,0.3 [9]. It is interested in the radion couplings in the conformal limit 

1/ 6 = . Moreover, linear colliders with the electron and positron beams have the 

cleaner backgrounds and signals. Therefore, the ILC is an ideal laboratory to study new 

physics. In this work, we also choose electron and positron beams as the initial beams at 

ILC with the energy from 500 GeV – 1 TeV [10].  
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In this work, we analyze the Z  associated production, followed by Z boson 

decaying leptonically, the radion decay into bb . The main motivation of this study is to 

show the influence of the polarization coefficients of ,− +e e  beams in exploring the 
− +l l bb  scenario at the ILC.    

2.     Content 

In our previous work [11], the anomalous couplings of the radion to Z was 

neglected. Therefore, in the present study, we have assessed the total cross-section in 
− +e e  scattering, included , ,   Z ZZ vertices which are not in the SM. Due to the 

maximum cross-section value at the 110 GeV radion [12], we have chosen the radion 

mass of 110 GeV. 

We denote the collision process in which the initial state includes electron (
−e ) and 

positron (
+e ), the final state contains the associated production of the heavy radion and 

Z boson as 

1 2 1 2( ) ( ) ( ) ( )− ++ → +e p e p Z k k . (1) 

Let’s denote the four momenta ,i ip k  (i = 1, 2) of , , ,− +e e Z , respectively. Three 

Feynman diagrams contributing to reaction (1) represent the s, u, t-channels exchange as 

in Figure 1. 

 

 

Figure 1. Feynman diagrams of + − − +→ →e e Z l l bb  collision in the s, u, t-channels 

The transition amplitude corresponding to the s-channel can be obtained as 

= +s ZM M M , (2) 

where  
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The transition amplitude representing the u-channel can be written as 
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The transition amplitude representing the t-channel is given by 
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here, , , r

Zg g  can be found in [9, 13-14]. 

The total cross-section for the whole process + − − +→ →e e Z l l bb  can be calculated 

as follows: 

( ) ( ) ( ).   − + + −= →  →  →total e e Z Br Z l l Br bb  (10) 

where  
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(11) 

 

is the expressions of the differential cross-section [15], 1 1( , )= p k  is the scattering angle. 

For numerical calculations, we choose ILC running at a center-of-mass energy of 

500 GeV and integrated luminosity 1100 −= fb  [15]. The vacuum expectation value 

(VEV) of the radion field   is 10 TeV [8]. We give estimates for the cross-sections 

as follows: 

(i) In Figure 2, the total cross-section is evaluated to depend on ,− +e e
P P , the 

polarization coefficients of ,− +e e  initial beams. The radion mass has been selected 

110 =m  GeV [6, 12]. The collision energy is taken as 500=s GeV (ILC). Figure 2 

shows that the maximum cross-section value  total
 can be as 1− += = 

e e
P P  and the 

minimum cross-section value  total
 can be as 1, 1− += = −

e e
P P  or 1, 1.− += − =

e e
P P   
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Figure 2. The total cross-section with respect to the polarization coefficients )( ,− +e e
P P

in 
+ − + −→ →e e Z l l bb  collision at the collision energy of 500 GeV 

 

(ii) The differential cross-sections with respect to cosψ can be seen in Figure 3. 

With the case of 0.8, 0.3− += = −
e e

P P [16, 17], in our numerical estimation for 

+ − − +→ →e e Z l l bb , the measured forward-backward asymmetry is larger than zero. 

Moreover, the forward-backward asymmetry increases when the collision energy 

increases in Figure 4. This result shows the collision energy region and direction to 

collect the final state from the experiment.  

 

Figure 3. The differential cross-section for the 
+ − + −→ →e e Z l l bb  collision  

as a function of the cos .  The model parameters are chosen  

as − += = −0 8 0 3
e e

P . ,P . , = 500s GeV 
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Figure 4. The forward-backward asymmetry with respect to the collision energy s  

in 
+ − + −→ →e e Z l l bb  collision at − += = −0 8 0 3

e e
P . ,P .  

(iii) The collision energy is taken as 500=s GeV (ILC). In Figure 5, in the radion 

mass range 100GeV 1TeV m , the total cross-section starts to climb, reaches a 

maximum value for the 125 GeV radion, and then falls again rapidly.  

 

 

Figure 5. The total cross-section is a function of the radion mass  

in 
+ − + −→ →e e Z l l bb  collision. The polarization coefficients are taken  

to be − += = −0 8 0 3
e e

P . ,P .  

 

(iv) The polarization coefficients of the initial beams are the same as in Figure 3. 

The total cross-sections are measured in the case of the various collision energies in 

Figure 6. This result shows that the total cross-section reduces gradually when the 

collision energy increases. Some numerical total cross-section values are given in Table 1. 

With the photon and Z boson contribution in s-channel propagators, the total cross-

section is much larger than that only with Z boson contribution in s-channel. 
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Figure 6. The total cross-section is a function of the energy collision 

 in 
+ − + −→ →e e Z l l bb  collision. The polarized 

− +
,e e  beams  

are fixed to − += = −0 8 0 3
e e

P . ,P .  

Table 1. The numerical cross-section values in the whole 
+ − − +→ →e e Z l l bb  process 

at different collision energies with . , .− += = −
e e

P 0 8 P 0 3  case 

The radion mass is taken as 110 GeV 

( )s GeV  500 600 700 800 900 1000 

5(10 ) total fb  0.9568 0.9557 0.9539 0.9523 0.9510 0.9499 

( ) Z fb  0.0155 0.0246 0.0354 0.0479 0.0620 0.0779 

(v) The curve of the total cross-section in Figure 7 is plotted with respect to the 

VEV of the radion field .  In the case of 0.8, 0.3− += = −
e e

P P [16, 17], 500=s GeV, the 

total cross-section decreases rapidly in the region 1TeV 2TeV  , then gradually in 

the region 2TeV 10TeV  . 

 

Figure 7. The total cross-section is a function of the VEV of radion field  

in 
+ − + −→ →e e Z l l bb  collision. The polarization of initial beams  

are taken as − += = −0 8 0 3
e e

P . ,P .  
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3.   Conclusions  

In this paper, we have investigated the contribution of the model parameters on the 

 + −→Z l l bb  production from − +e e scattering at ILC. The total cross-section reachs the 

maximum value when both −e  and +e beams have been right (left) polarized. With the 

available value of model parameters , , s m , the total cross-section can be recorded 

in the experiment. Due to the  Z  anomalous coupling, the total cross-section for 

+ − − +→ →e e Z l l bb  scattering is enhanced and much larger than that only with Z 

propagator in s-channel under the same conditions. The total cross-section of the mixed-

radion state is much larger than that of the unmixed-radion in Ref. [6].   
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