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Abstract: A search for the triple-photon production in the ee’ scattering is indicated in
CLIC energy scale. We have analyzed the contribution of 7Zh anomalous coupling with
polarized initial beams. The dependence of the forward — backward asymmetry on the

center of mass energy Js is shown. The cross-section depends strongly on the
polarization of €, ¢" initial beams, the center of mass energy «@ . The results indicate that
with new 7Zh coupling included mixed - Higgs boson, the total cross-section is enhanced.
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1. INTRODUCTION

The Standard model (SM) has been the successful theoretical framework in describing
the experimentally observed phenomena of the fundamental particles and their interactions.
In spite of its successes, SM has existed some drawbacks. Therefore, some models beyond
the SM have been motivated. The Randall-Sundrum (RS) model with two three-branes
stabilized has been one of the most attractive attemplts. The RS model has allowed the

existence of an additional scalar called the radion (¢ ) [3]. Radion and Higgs boson have the
same quantum numbers. Thus, the radion field and the Higg field can be mixed.

The trilinear gauge boson couplings have been important in testing the electroweak

interactions [5]. Diboson production, in particular ZZ and W'W™, are also extensively used
in Higgs boson measurements [6]. Moreover, the anomalous vertices include ZZZ, ZZ Y} ,

Zyy interactions, which are not present at tree level in SM, have been widely discussed in the

different colliders: €€ collider, ye collider, hadron collider [5, 7 — 13]. In experiment, the
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cross-section for ZZ production in PP collisions has been measured by both the ATLAS and

CMS collaboration [14 — 18]. Photon collider can be achieved the backscattered photon
beams by Compton scattering of laser light off the high energy electrons at the International
Linear Collider (ILC) which has been proposed to discover new physics beyond the SM.
Because of clean electron and positron sources at ILC, Z boson produced at the high energy
collisions could give possible measurement. Any possible new physics in the Z boson
production collision is expected to change the cross-section and Z bosons produced at the
high energy proton- proton collisions of LHC have a clean signature and give the possibility
to perform precision measurements W and Z bosons produced at the high energy proton-
proton collisions of LHC have a clean signature and give the possibility to perform precision
measurements.

In our present work, we have studied e’ e” — yh — yy» process included the vertices
of spin-one boson as yZh, yyh. With new yZh, yyh couplings included mixed - Higgs
boson, the total cross-section has been expected to enhance. The layout of this paper is as

follows. The influence of the new yZh coupling on the triple-photon production is

calculated in Section Il. Finally, we summarize our results and make conclusions in Section
II.

2. CONTENT
The influence of the new 7Zh coupling on the triple-photon production

In this work, we evaluate the triple-photon production from electron-positron collision
in the RS model. Triple-photon production provides a Higgs production in association with
a photon, where the Higgs decays into a photon pair.

We consider the collision process in which the initial state contains electron and
positron, the final state contains photon and Higgs boson:

e (p)+e"(p,) = r(k)+h(k,) . (1)

Here, p,,k (i = 1, 2) stand for the momentums. There are three Feynman diagrams
contributing to reaction (1), representing the s, u, t-channels exchange depicted in Fig.1.

The transition amplitudes representing the s, u, t -channels are respectively given by
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The total cross-section for the whole process e'e” — yh — yyy can be calculated as
follows

o=o(ee - yh)xBr(h— ). (7

where

do(ee" »>yh) _ 1 ||Zl||M_|2 (8)
d(cosy) 2xs|p,| "

is the expressions of the differential cross-section [24]. v =(p,.k,) is the scattering
angle.

For numerical calculations, we choose ILC running at a center-of-mass energy of 1000
GeV. We give estimates for the cross-sections as follows:

I) The differential cross-sections as the function of cosy can be seen in Fig. 2. With the
case of P =0.8P, =-03, in our numerical estimation for ee" —yh—yyy , the
differential cross-section starts to decrease when —1<C0Sy <0 | then increase when

0<cosy <1. Moreover, the forward-backward asymmetry decreases when the energy

collision increases in Fig. 3. This result shows the energy collision region and direction to
collect the final state from experiment.

i) In Fig.4, the total cross-section is plotted as the function of P_,P., which are the

polarization coefficients of € ,e" beams, respectively. The parameters are chosen as
Js =1000 GeV, m, =110 GeV, A, =5000 GeV, &=1/6. The figure indicates that the
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total cross-section achieves the maximum value when P =P =4l and the minimum value
when Pe, =1 Pe+ =-1or Pe,:—l, Pe+:1.

iii) The polarization coefficients of ¢,e" beams are same as in Fig. 4. The total cross-

sections are measured in case of the different collision energy Jsin Fig. 5. This result shows
that the total cross-section increases gradually when the collision energy increases. 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.

3. CONCLUSION

In this work, we have studied the contribution of spin-1 boson Z, 7 propagators in the
three-photon production. In e'e¢” — yh — yyy collision, the result shows that s — channels
give the main contribution. The results indicate that with new yZh, yyh couplings included
mixed - Higgs boson, the cross-section for the ¥ production is enhanced than that in the
SM under the same conditions showed in Ref. 25.

Acknowledgements: The work is supported in part by Hanoi National University of
Education.
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Fig.1. Feynman diagrams of e e" — yh — yyr in the s, u, t-channels.
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Fig. 2. The differential cross-section for the whole process e e" — yh — yyy as a function
of the cosy. The polarization coefficients are chosen as P_=0.8,P, =-03.
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Fig. 3. The forward — backward asymmetry for the whole process ee" > yh— yy7 asa
function of the collision energy.
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Fig. 4. The total cross-section as a function of the polarization coefficients (P_,P.)in

ee" = yh — yyy collision.
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Fig. 5. The total cross-section for the whole process e’ € — yh — yyy as a function of

the collision energy Js . The polarization coefficients are chosen as P_=0.8,P, =-0.3.
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SU TAO BA PHOTON TAI VA CHAM ¢¢ NANG LUQNG CAO
TRONG MAU RANDALL-SUNDRUM

Tom tit: Nghién curu sy tao ba photon trong tan xa e+e- dwoc chi ra trong thang nang
lwong CLIC. Chung téi da phan tich dong gop cua cac dinh twong tdac di thwong voi chum
phan cyc hat toi. Sw phu thugc doi xirng trude - sau vao nang lu"ong khoi tam cung dwoc chi
ra. Tiét dién phu thuoc manh vao phan cuc cua chum hat toi va nang luwong khoi tam. Két
qua ciing chi ra rang véi déng gop cua dinh di thieong mdéi, tiét dién toan phan dwgc ting
cuong.

T khod: Mdu Randall-Sundrum, sy tao ba photon, dinh tiong tac dj thuong
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