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Abstract. We consider the Randall - Sundrum model, which solves the Higgs hierarchy problem. In this paper, we
have calculated the cross - section of the γe− → he− process with the polarization of the electron beams. Based on
the results, we show that the reaction can give observable cross - section in future accelerators at the high degree of
polarization.
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I. INTRODUCTION

In the last few years, there have been many models proposed with extra dimensions to solve
the hierarchy problem [1]. Randall - Sundrum model (RS) has been one of the most attractive
attempts. The RS involves two three- branes bounding a slice of 5D compact anti-de Sitter [2].
Gravity is localized in the visible brane, while the Standard Model (SM) fields are supposed to be
localized in the hidden brane. The fluctuations of size of the extra dimension, characterized by the
scalar component of the metric otherwise known as the radion [2]. The radion may turn out to be
the lightest new particle in the RS model. The phenomenological similarity and potential mixing
of the radion and Higgs boson warrant detailed to distinguish between the radion and Higgs signals
at colliders.

In Ref. [3], we calculated the cross - section of the production of radion in γe− colliders. In
this paper, we study the production of Higgs in γe− colliders, our results can compare with results
of [3]. This paper is organized as follows. In Sec. II, we introduce the curvature - scalar mixing
and ξ RĤ+Ĥ (where Ĥ is a Higgs doublet field on the visible brane), which causes the physical
mass eigenstates h and φ to be mixtures of the original Higgs and radion fields. Sec. III is devoted
to the production of Higgs in high energy γe− colliders. Finally, we summarize our results and
make conclusions in Sec. IV.

II. THE CURVATURE - SCALAR MIXING

The RS model is based on a 5D spacetime with non-factorizable geometry [1]. The single
extradimension is compactified on an S1/Z2 orbifold of which two fixed points accommodate
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two three-branes (4D hyper-surfaces). Having determined the vacuum structure of the model, we
discuss the possibility of mixing between gravity and the electroweak sector. The gravity - scalar
mixing is described by the following action [4, 5]

Sξ =−ξ

∫
d4x
√
−gvisR(gvis)Ĥ+Ĥ, (1)

where R(gvis) is the Ricci scalar for the metric induced on the visible brane, gµν

vis = Ω2
b(x)(η

µν +

εhµν). Ĥ is the Higgs field in the 5D context before rescaling to canonical normalization on the
brane. The parameter ξ denotes the size of the mixing term [1, 3–7]. With ξ 6= 0, there neither a
pure Higgs boson nor pure radion mass eigenstate.

We define the mixing angle θ by

tan2θ = 12γξ Z
m2

h0

m2
φ0
−m2

h0
(Z2−36ξ 2γ2)

, (2)

where
Z2 ≡ 1+6ξ γ

2(1−6ξ )≡ β −36ξ
2
γ

2. (3)

In terms of these quantities, the new fields h and φ are the states that diagonalize the kinetic energy
and have canonical normalization with:

h0 = (cosθ − 6ξ γ

Z
sinθ)h+(sinθ +

6ξ γ

Z
cosθ)φ ≡ dh+ cφ , (4)

φ0 =−
1
Z

cosθφ +
1
Z

sinθh≡ aφ +bh. (5)

The corresponding mass - squared eigenvalues are [8]

m2
h,φ =

1
2Z2

[
m2

φ0
+βm2

h0
±
√
(m2

φ0
+βm2

h0
)2−4Z2m2

φ0
m2

h0

]
. (6)

When ξ 6= 0, there are four independent parameters that must be specified to fix the state mixing
parameters a, b, c, d of Eqs. (4) and (5) defining the mass eigenstates:

Λφ , mh, mφ , ξ , (7)

where γ = υ0/Λφ with υ0 = 246GeV . For the reliability of the RS solution, the ratio m0
MP

is usually
taken around 0.01 ≤ m0

MP
≤ 0.1 [9] to avoid too large bulk curvature. Therefore, we consider the

case of Λφ = 5TeV and m0
MP

= 0.1, which makes the radion stabilization model most natural.

III. HIGGS PRODUCTION IN γE− COLLISION

In this section, we consider the collision in which the initial state contains a photon and an
electron, the final state contains a pair of Higgs and electron,

e−(p1)+ γ(p2)→ e−(k1)+h(k2). (8)

Here pi,ki (i = 1,2) stand for the momentum. There are three Feynman diagrams contributing to
reaction (8), representing the s,u, t channels exchange depicted in Fig. 1.
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Fig. 1. Feynman diagrams for γe−→ he− collision

III.1. Higgs production in γe− collision with unpolarized e− beams
The amplitude squared of this process collision can be written as

|M|2 = |Ms|2 + |Mu|2 + |Mt |2 +2Re(M+
s Mu +M+

s Mt +M+
u Mt), (9)

where

|Ms|2 =−
e2g2

f f h

(q2
s −m2

e)
2 {−8[2(k1qs)(p1qs)− (k1 p1)q2

s ]+

+m2
e [32(k1qs)−16(p1qs)−8(k1 p1)+16m2

e +16q2
s ]}, (10)

|Mu|2 =−
e2g2

f f h

(q2
u−m2

e)
2 {−8[2(k1qu)(p1qu)− (k1 p1)q2

u]+

+m2
e [−16(k1qu)+32(p1qu)−8(k1 p1)+16m2

e +16q2
u]}, (11)

|Mt |2 =
64e2

q4
t Λ2

γ

{2(k1 p1)(p2qt)
2 +2(k1 p2)(p1 p2)q2

t +[m2
e− (k1 p1)](4(p2qt)+ p2

2q2
t )}, (12)

M+
s Mu =−

e2g2
f f h

(q2
s −m2

e)(q2
u−m2

e)
{−16(k1qs)(p1qu)+m2

e [−16(k1qs)−8(k1qu)+

−8(p1qs)+16(p1qu)−8(k1 p1)+16m2
e−8(qsqu)]}, (13)

M+
s Mt =−

4e2g f f h

(q2
s −m2

e)q2
t Λγ

{3m2
e(p2qt)+me[−(k1qu)(p2qt)+3(p1qu)(p2qt)+

− (k1qt)(p1 p2)− (p1qt)(p2k1)− (k1 p1)(p2qt)− (k1qt)(p2qu)+

+(p1qt)(p2qu)− (k1 p2)(quqt)− (p1 p2)(quqt)]}, (14)

M+
u Mt =−

4e2g f f h

(q2
s −m2

e)q2
t Λγ

{12m3
e(p2qt)+4me[−(k1qt)(p1 p2)− (p1qt)(p2k1)+

− (k1 p1)(p2qt)+(k1qt)(p2qs)+3(k1qs)(p2qt)− (k1 p2)(qsqt)+

− (p1qt)(p2qs)− (p1qs)(p2qt)− (p1 p2)(qsqt)]}. (15)

III.2. Higgs production in γe−→ he− process with the polarized e− beams
This section is devoted to the cross - sections in the γe− collision when the initial and final

e− beams are polarized. Let us consider the following cases:
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a) In s - channel, we give the following results:

|MsLR|2 = |MsRL|2 =
8e2g2

f f h

(q2
s −m2

e)
2 [2(k1qs)(p1qs)− (k1 p1)q2

s ], (16)

|MsLL|2 = |MsRR|2 =
8e2g2

f f h

(q2
s −m2

e)
2 m2

e(k1 p1), (17)

M+
sLRMsLL = M+

sRLMsRR =−
16e2g2

f f h

(q2
s −m2

e)
2 m2

e(k1qs), (18)

M+
sLRMsRR = M+

sRLMsLL =
8e2g2

f f h

(q2
s −m2

e)
2 m2

e(p1qs), (19)

M+
sLRMsRL = M+

sRLMsLR =−
16e2g2

f f h

(q2
s −m2

e)
2 m2

eq2
s , (20)

M+
sLLMsLR = M+

sRRMsRL =−
16e2g2

f f h

(q2
s −m2

e)
2 m2

e(k1qs), (21)

M+
sLLMsRL = M+

sRRMsLR =
8e2g2

f f h

(q2
s −m2

e)
2 m2

e(p1qs), (22)

M+
sLLMsRR = M+

sRRMsLL =−
16e2g2

f f h

(q2
s −m2

e)
2 m4

e . (23)

Here, the second and the third subscripts of M are corresponding to the polarization of the initial
and final e− beams, respectively.

b) In a similar way, we consider the process in u - channel. The transition amplitude for
this process can be written as

|MuLR|2 = |MuRL|2 =
8e2g2

f f h

(q2
u−m2

e)
2 [2(k1qu)(p1qu)− (k1 p1)q2

u], (24)

|MuLL|2 = |MuRR|2 =
8e2g2

f f h

(q2
u−m2

e)
2 m2

e(k1 p1), (25)

M+
uLRMuLL = M+

uRLMuRR =
8e2g2

f f h

(q2
u−m2

e)
2 m2

e(k1qu), (26)

M+
uLRMuRR = M+

uRLMuLL =−
16e2g2

f f h

(q2
u−m2

e)
2 m2

e(p1qu), (27)

M+
uLRMuRL = M+

uRLMuLR =−
16e2g2

f f h

(q2
u−m2

e)
2 m2

eq2
u, (28)

M+
uLLMuLR = M+

uRRMuRL =
8e2g2

f f h

(q2
u−m2

e)
2 m2

e(k1qu), (29)

M+
uLLMuRL = M+

uRRMuLR =−
16e2g2

f f h

(q2
u−m2

e)
2 m2

e(p1qu), (30)
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M+
uLLMuRR = M+

uRRMuLL =−
16e2g2

f f h

(q2
u−m2

e)
2 m4

e . (31)

c) In t - channel, the initial left (or right) - handed e− beams produce the photon with the
momentum qt and the final left (or right) - handed e− beams. The photon in the intial state collides
the photon with the momentum qt to produce Higgs in the final state. The transition amplitude for
this process is given by

|MtLL|2 = |MtRR|2 =
64e2

q4
t Λ2

γ

{[2(p2qt)
2(k1 p1)+2(k1 p2)(p1 p2)q2

t ]+

− (k1 p1)[4(p2qt)
2 +q2

t p2
2]}, (32)

M+
tLLMtRR = M+

tRRMtLL =
64e2

q4
t Λ2

γ

m2
e [4(p2qt)

2 +q2
t p2

2]. (33)

d) Considering the s, u channel interference, the transition amplitude can be written as

M+
sLRMuLR = M+

sRLMuRL =
16e2g2

f f h

(q2
s −m2

e)(q2
u−m2

e)
(k1qs)(p1qu), (34)

M+
sLRMuLL = M+

sRLMuRR =
16e2g2

f f h

(q2
s −m2

e)(q2
u−m2

e)
m2

e(k1qs), (35)

M+
sLLMuLL = M+

sRRMuRR =
8e2g2

f f h

(q2
s −m2

e)(q2
u−m2

e)
m2

e(k1 p1), (36)

M+
sLLMuLR = M+

sRRMuRL =
8e2g2

f f h

(q2
s −m2

e)(q2
u−m2

e)
m2

e(k1qu), (37)

M+
sLRMuRR = M+

sRLMuLL =
8e2g2

f f h

(q2
s −m2

e)(q2
u−m2

e)
m2

e(p1qs), (38)

M+
sLRMuRL = M+

sRLMuLR =
8e2g2

f f h

(q2
s −m2

e)(q2
u−m2

e)
m2

e(qsqu), (39)

M+
sLLMuRL = M+

sRRMuLR =−
16e2g2

f f h

(q2
s −m2

e)(q2
u−m2

e)
m2

e(p1qu), (40)

M+
sLLMuRR = M+

sRRMuLL =−
16e2g2

f f h

(q2
s −m2

e)(q2
u−m2

e)
m4

e . (41)

e) In the u, t channel interference, the transition amplitude can be written as

M+
uLRMtLL = M+

uRLMtRR =
16e2g f f h

q2
t Λγ(q2

u−m2
e)
×

×me[(p2qt)(k1qu)+(p2qu)(k1qt)+(k1 p2)(quqt)], (42)

M+
uLRMtRR = M+

uRLMtLL =−
16e2g f f h

q2
t Λγ(q2

u−m2
e)
×

×me[3(p2qt)(p1qu)+(p2qu)(p1qt)− (p1 p2)(quqt)], (43)
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M+
uLLMtLL = M+

uRRMtRR =
16e2g f f h

q2
t Λγ(q2

u−m2
e)
×

×me[(p2qt)(k1 p1)+(p1 p2)(k1qt)+(k1 p2)(p1qt)], (44)

M+
uLLMtRR = M+

uRRMtLL =−
48e2g f f h

q2
t Λγ(q2

u−m2
e)

m3
e(p2qt). (45)

f) In the s, t channel interference, the transition amplitude can be written as

M+
sLRMtLL = M+

sRLMtRR =−
16e2g f f h

q2
t Λγ(q2

s −m2
e)
×

×me[3(p2qt)(k1qs)+(p2qs)(k1qt)− (k1 p2)(qsqt)], (46)

M+
sLRMtRR = M+

sRLMtLL =
16e2g f f h

q2
t Λγ(q2

s −m2
e)
×

×me[(p2qt)(p1qs)+(p2qs)(p1qt)+(p1 p2)(qsqt)], (47)

M+
sLLMtLL = M+

sRRMtRR =
16e2g f f h

q2
t Λγ(q2

s −m2
e)
×

×me[(p2qt)(k1 p1)+(p1 p2)(k1qt)+(k1 p2)(p1qt)], (48)

M+
sLLMtRR = M+

sRRMtLL =−
48e2g f f h

q2
t Λγ(q2

u−m2
e)

m3
e(p2qt). (49)

III.3. The cross-section of Higgs production in γe−

From the expressions of the differential cross - section and the total cross - section:

dσ

d(cosθ)
=

1
64πs

|
−→
k |
|−→p |
|M|2, (50)

where M is the the scattering amplitude, we assess the number and make the identification, eval-
uation of the results obtained from the dependence of the differential cross - section by cosθ , the
total cross-section fully follows

√
s and the polarization factors of e− beams (P1,P2).

In the SI unit, we choose me = 0,00051 GeV, Λφ = 5 TeV, 1
Λγ

= iCγ ,

Cγ = − α

2πυ0
× [g fV ∑i e2

i Ni
cFi(τi)− (b2 + bY )gr] [3, 5, 11]. We give some estimates for the cross-

section as follows
i) When the beams in the initial and final state are polarized, the total cross - section which

depends on typical polarization coefficients P1,P2 is shown in Fig. 2. The total cross - section
achieves the maximum value in case of P1 = P2 = −1 or P1 = P2 = 1 and the minimum value in
case of P1 =−1,P2 = 1 or P1 = 1,P2 =−1.

ii) In Fig. 3, we plot the differential cross-section as a function of the cosθ . The collision
energy is choosen as

√
s = 3 TeV. The Fig. 3a, typical polarization coefficients are choosen as

P1 = P2 = 1,0.5,0 respectively, shows that the differential cross - sections increase when the cosθ

increases from −1 to 1. When cosθ ' 1, the differential cross - sections reach the maximum
value. The result shows the advantage direction to collect Higgs from experiment. In Fig. 3b, the
differential cross - section decreases as −1 < cosθ < 1 with P1 =−1, P2 = 1.
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iii) In Fig. 4, we plot the total cross-section as a function of the collision energy
√

s in the
cases P1,P2 same to Fig. 3. Fig. 4a shows that the total cross - sections increase fastly in the region
1TeV <

√
s < 5TeV , which are larger than cross - sections of radion in RS model [3]. Therefore,

it is large enough to measure Higgs production at very high energies. Fig.4b shows that the total
cross - section decreases when

√
s increases.

Fig. 2. The total cross-section as a function of the polarization coefficients P1, P2

Fig. 3. The cross-section as a function of cosθ . Typical polarization coefficients are
chosen as P1 = P2 = 1, 0.5 and 0, respectively (a) and P1 =−1,P2 = 1 (b)
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Fig. 4. The total cross-section as a function of the collision energy
√

s. Typical po-
larization coefficients are chosen as P1 = P2 = 0.0, 0.5 and 1, respectively (a) and
P1 =−1,P2 = 1 (b)

IV. CONCLUSION

In this paper, we have evaluated the Higgs production in γe− collision. The result shows that
the production cross-section of Higgs depends on the polarization of e− beams and the collision
energy. In the high energy region, the production cross - section of Higgs is much larger than that
of radion in the same conditions.
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