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Pair production of neutral Higgs bosons from the

left-right twin Higgs model via γγ collisions *
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Abstract: The left-right twin Higgs (LRTH) model predicts the existence of the neutral Higgs bosons (h, φ0),

which can be produced in pairs (φ0φ0, hh, φ0h) via γγ collisions at the next generation e+e− International

Linear Collider (ILC). Our numerical results show that the production cross section of the neutral Higgs boson

pair φ0φ0 can reach 8.8 fb. The subprocess γγ→φ0φ0 might be used to test the LRTH model in future ILC

experiments.
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1 Introduction

To solve the fine tuning problem of the SM, many

new physics models have been proposed. However,

a so-called “little hierarchy problem” [1] arises in

these models, once constraints from precision mea-

surements are imposed. Many alternative new physics

models with extended Higgs sectors, for instance

the little Higgs models [2] and the left-right twin

Higgs (LRTH) model [3], can solve the above diffi-

culty, which predict the existence of the neutral Higgs

bosons.

The hunt for Higgs bosons is one of the most im-

portant goals of the Large Hadron Collider (LHC).

If a Higgs boson is discovered at the LHC, it will be

crucial to determine its couplings with high accuracy.

The high resolution profile determination of a Higgs

boson (mass, couplings, self-couplings, etc.) can be

carried out at the next generation e+e− International

Linear Collider (ILC) [4]. Physics at the LHC and

at the ILC will be complementary to each other in

many respects [5]. In such a collider, in addition to

e+e− collision, one can also realize γγ collision with

the photon beams generated by the backward Comp-

ton scattering of incident electron and laser beams.

The γγ collision offers a unique opportunity to ex-

plore new physics effects through production mecha-

nisms that are not accessible in leptonic or hadronic

machines [6].

Pair production of the Higgs bosons via γγ colli-

sions at the ILC will provide a way to test the Higgs

boson self-coupling, which may be sensitive to new

physics [7]. So far, there has been much work to

study pair production of the Higgs bosons via γγ col-

lisions in the SM [8], in some popular physics models

beyond the SM [9], and model independently [10].

The LRTH model [3] predicts the existence of one

SM-like neutral Higgs h and one neutral pseudoscalar

Higgs φ0. The neutral Higgs boson pairs can be pro-

duced via the subprocesses γγ→φ0φ0, γγ→ hh and

γγ→φ0h at the ILC. The main aim of this paper is

to study pair production of the neutral Higgs bosons

predicted by the left-right twin Higgs (LRTH) model

[3] via these processes at the ILC, and see whether

the possible signatures of the LRTH model can be

detected via these production processes in future ILC

experiments.

This paper is organized as follows. In Sec. 2,

we briefly review the essential features of the LRTH

model. The effective production cross sections of the

subprocesses γγ→φ0φ0, γγ→ hh and γγ→φ0h are

calculated in Sec. 3. The relevant phenomenological

analyses are also given in Sec. 3. Our conclusions are

given in Sec. 4.
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2 The left-right twin Higgs model

Recently, the twin Higgs mechanism [11] has been

proposed as a solution to the little hierarchy prob-

lem. The twin Higgs mechanism can be implemented

in left-right models with the additional discrete sym-

metry being identified with left-right symmetry [3].

The details of the model as well as the particle spec-

trum, Feynman rules, and some phenomenology anal-

ysis have been studied in Refs. [12, 13]. Here we will

briefly review the essential features of the model and

focus our attention on the neutral Higgs bosons.

The LRTH model [3] is based on the global

U(4)1 ×U(4)2 symmetry with a locally gauged sub-

group SU(2)L×SU(2)R×U(1)B−L. Two Higgs fields,

H = (HL,HR) and Ĥ = (ĤL, ĤR), are introduced

and each transforms as (4,1) and (1,4), respectively,

under the global symmetry. HL,R (ĤL,R) are two

components which are charged under SU(2)L and

SU(2)R, respectively. After the re-parametrization of

the fields, there are one neutral pesudoscalar φ0, a

pair of chrarged scalar φ±, the SM-like Higgs boson

h, and a SU(2)L doublet ĥ = (ĥ+
1 , ĥ0

2).

The U(4)1 [U(4)2] group is spontaneously bro-

ken down to its subgroup U(3)1 [U(3)2] with nonzero

vacuum expectation value (VEV) 〈H〉=(0, 0, 0, f)

[〈Ĥ〉=(0, 0, 0, f̂)]. The Higgs VEVs also break

SU(2)R×U(1)B−L down to the SM U(1)Y. After spon-

taneous global symmetry breaking, three Goldstone

bosons are eaten by the new gauge bosons W±

H and

ZH. After the SM electroweak symmetry breaking,

the three additional Goldstone bosons are eaten by

the SM gauge bosons W± and Z.

The Higgs bosons h and φ0 can couple to each

other, and can also couple to ordinary fermions, or-

dinary gauge bosons, the new top quark T, and the

new gauge bosons ZH and WH. The coupling expres-

sion forms, which are related to our calculations, are

shown as [12]

hhW+
µ W−

ν : e2gµν/(2s2
W),ht̄t :−emtCLCR/(2mWsW),

AµT̄T : 2eγµ/3; hhW+
HµW−

Hν :−e2gµν/(2s2
W),

hTT̄ :−y(SRSL−CLCRx )/
√

2,hW+
µ W−

ν :

emWgµν/sW;φ0φ0W+
µ W−

ν :−e2gµν/(54s2
W),

φ0 t̄t :−iySRSLγ5/
√

2,hW+
HµW−

Hν :−e2fxgµν/(2s2
W);

φ0φ0W+
HµW−

Hν : e2gµν/(2s2
W),φ0T̄T :

−iyCLCRγ5/
√

2,hφ0φ0 :

x(30p2 ·p3 +11p1 ·p1)/(27
√

2f),

where p1, p2, and p3 refer to the incoming momentums

of the first, second, and third particles, respectively.

x = v/
√

2f , sW = sinθW, and θW is the Weinberg an-

gle. At the leading order of 1/f , the sine values of

the mixing angles αL and αR can be written as SL =

sinαL ≈ M

MT

sinx and SR = sinαR ≈ M

MT

(1+sin2 x),

with C2
L = 1−S2

L and C2
R = 1−S2

R. In the following

section, we will use the above Feynman rules to cal-

culate the effective production cross sections of the

subprocesses γγ → φ0φ0, γγ →hh and γγ → φ0h at

the ILC.

3 Production of the neutral Higgs bo-

son pairs

3.1 φ0φ0 production

The subprocess γγ→φ0φ0 is loop-induced at the

lowest order, as shown in Fig. 1. The Feynman di-

agrams created by exchanging the initial photons or

the final Higgs bosons, which are not shown in Fig. 1,

are also involved in our calculations. The one-loop

calculation can be carried out by summing all un-

renormalized reducible and irreducible one-loop dia-

grams and the results will be finite and gauge invari-

ant. Each loop diagram is composed of some scalar

loop functions, which are calculated by using Loop

Tools [14].

The expression of the amplitude for the subpro-

cess γ(k1)+γ(k2)→φ0(p1)+φ0(p2) can be written as

M=Ma+Mb +Mc +Md with

M(i)
a = aiεµ(k1)εν(k2)

{

2

3
CρCσερµσν −Cρε

ρµσνk1σ

+
1

3
C0ε

ρνσµk1ρk2σ +
1

3
Cρε

ρσµνk1σ −
1

3
k2

1C0g
µν

−1

3
C0ε

ρσµνk1ρk2σ

}

,

M(j)
c = cjεµ(k1)εν(k2){5CρCσερµσν −5Cρε

ρµσνk1σ

+2Cρε
ρσµνk1σ −C0ε

ρσµνk1ρk2σ

−6C0ε
ρνσµk1ρk2σ +3Cρε

ρσµνk2σ},

where i = 1 for top-loop, i = 2 for heavy top-loop,

j = 1 for W-loop, j = 2 for WH-loop, ai and cj are

the coefficients1) of the corresponding amplitudes, C0

and Cρ(σ) are three-point standard functions2).

1)These constants can be found in Appendix A.

2)The expression forms of these three-point standard functions can be found in Appendix A.
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Fig. 1. One-loop Feynman diagrams for the subprocess γγ → φ0φ0 in the LRTH model. The diagrams

obtained by exchanging the two photons or exchanging the two Higgs bosons are not shown here.

Because the expression form of Mb is lengthy, and

Md is very similar to Mc except for the relevant coef-

ficients, we do not present them here. But our numer-

ical results have summed all of their contributions.

From the above discussions, we can see that,

except for the SM input parameters α = 1/128.8,

sW =
√

0.2315, mW =80.574 GeV [15], the production

cross sections of the Higgs boson pairs φ0φ0, hh and

φ0h at the ILC are dependent on the model depen-

dent parameters f , M and the masses of the Higgs

boson φ0. In this paper, we will fix M =150 GeV.

The value of f is bounded from electroweak precision

measurements, which cannot be too large since the

fine tuning is more severe for larger f . In the LRTH

model, the mass of the neutral Higgs boson φ0 is

a free parameter, but is usually taken to be about

100 GeV [3]. In this paper, we consider that it is in

the range of 120 GeV6 mφ0 6 180 GeV. In Fig. 2,

we plot the effective cross section σ of the subprocess

γγ→φ0φ0 as a function of the scale parameter f for

the c.m. energy
√

s =500 GeV and three values of

the φ0 mass mφ0 . We can see that σ is sensitive to

the scale parameter f , while it is not sensitive to the

mass parameter mφ0 . Its value decreases as the scale

parameter f increases. For 500 GeV6 f 6 1500 GeV

and 120 GeV6 mφ0 6 180 GeV, its value is in the

range of 0.04–2.28 fb. If we assume the integrated

luminosity £int = 100 fb−1 for the ILC with the c.m.

energy
√

s=500 GeV, there will be 4–228 φ0φ0 events

to be generated.

In order to see the effects of the c.m. energy
√

s on

the effective cross section σ, we plot σ as a function

Fig. 2. The effective cross section σ of the sub-

process γγ → φ0φ0 as a function of f for
√

s=500 GeV and three values of mφ0 .

Fig. 3. The effective cross section σ of the sub-

process γγ → φ0φ0 as a function of
√

s for

mφ0=150 GeV and three values of f .
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of
√

s for three values of the scale parameter f in

Fig. 3. We can see that, for f=1 TeV, 500 GeV6√
s 62000 GeV and mφ0=150 GeV, the value of σ is

in the range of 0.15–0.54 fb.

3.2 hh production

The Feynman diagrams of the subprocess γγ→ hh

are shown in Fig. 4. In our numerical calculation, we

also consider the Feynman diagrams created by ini-

tial photons exchanged or the final Higgs bosons ex-

changed. The amplitudes of Fig. 4(a) and Fig. 4(b)

are quite similar to Fig. 1(d) and Fig. 1(b), respec-

tively. To save space, we do not show them here.

Fig. 4. Feynman diagrams for the subprocess

γγ→φ0h in the LRTH model.

We plot the effective cross section σ of the sub-

process γγ→ hh as a function of the c.m. energy
√

s

for f=500 GeV and three values of mh in Fig. 5. It

is obvious that, in most of the parameter space, the

effective cross section σ is smaller than that of the

subprocess γγ → φ0φ0, which is because the cross

section of the subprocess γγ → φ0φ0 mainly comes

from the contributions of Fig. 1(a), while the Feyn-

man diagrams of the subprocess γγ → hh do not in-

clude the similar Feynman diagrams. For f=500 GeV

and
√

s=2000 GeV, the value of σ can reach 0.21 fb. If

we assume the integrated luminosity £int = 100 fb−1,

there will be only several hh events to be generated,

and it is very difficult to detect the possible signals of

the neutral Higgs boson h via the subprocess γγ→ hh

in future ILC experiments.

3.3 φ0h production

The Feynman diagrams of the subprocess γγ →
φ0h are shown in Fig. 6. The expression form of the

Fig. 5. The effective cross section σ of the sub-

process γγ → hh as a function of
√

s for

f=500 GeV and three values of mh.

amplitude for the subprocess γ(k1)+γ(k2)→φ0(p1)+

h(p2) can be written as M=Ma +Mb with

Mt−loop
a =

ye2SLSRx(30p1p2 +p2
12)mt

243
√

2fp2
12π

2

×C0εµ(k1)εν(k2)ε
k1k2µν ,

MT−loop
a =

ye2CLCRx(30p1p2 +p2
12)mT

243
√

2fp2
12π

2

×C0εµ(k1)εν(k2)ε
k1k2µν .

Where p12 = p1 + p2, the three-point standard func-

tions C0(t) = C0(k1, k2, mt, mt, mt), C0(T) = C0(k1,

k2, mT, mT, mT). Because the expression of Mb is

too lengthy, we do not present it here.

Fig. 6. One-loop Feynman diagrams for the

subprocess γγ→φ0h in the LRTH model.
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In Fig. 7, we plot the effective cross section σ of

the subprocess γγ→φ0h as a function of the scale pa-

rameter f for the c.m. energy
√

s=500 GeV and three

values of mφ0 . In our numerical estimation, we have

assumed that the mass of the neutral Higgs boson φ0

is equal to that of the neutral Higgs boson h. For

120 GeV6 mφ0 6180 GeV, 500 GeV6 f 61500 GeV

and
√

s=500 GeV, its values are in the range of

6×10−4 fb−9.7×10−2 fb. So we can conclude that

it is impossible to detect the possible signals of the

neutral Higgs boson φ0 via the subprocess γγ→φ0h

in future ILC experiments.

Fig. 7. The effective cross section σ of the sub-

process γγ → φ0h as a function of f for
√

s=500 GeV and three values of mφ0 .

The neutral Higgs boson φ0 predicted by the

LRTH model mainly decays to bb̄. When we ana-

lyze the signatures of the neutral Higgs boson pairs

at the ILC, we will take the φ0φ0 pair as an ex-

ample. If we assume that both of these two neu-

tral Higgs bosons decay to bb̄, then pair produc-

tion of the neutral Higgs boson φ0φ0 can give rise

to the bb̄bb̄ final state, and the production rate of

the bb̄bb̄ final state can be easily estimated using the

formula σs ≈ σ ×Br(φ0 → bb̄)×Br(φ0 → bb̄). In

Fig. 8, we plot the number of bb̄bb̄ events as a func-

tion of the scale parameter f for the c.m. energy√
s=500 GeV, £int = 100 fb−1 and three values of

mφ0 . One can see from Fig. 8 that, for f=500 GeV,

120 GeV6 mφ0 6180 GeV, the number of bb̄bb̄ events

is in the range of 1–70, which is significantly larger

than that for the SM Higgs boson pair production

process γγ→ hh→ bb̄bb̄ [16].

The dominant backgrounds of the bb̄bb̄ signals

come from the process γγ→W+W− with the gauge

boson W decaying to quarks and non-resonant four

jet production. Detailed analyses of the signals and

the relevant backgrounds have been given in Ref. [17].

They have shown that the first one can be reduced

Fig. 8. The number of the bb̄bb̄ events as a

function of f for
√

s=500 GeV, £int =100 fb−1

and three values of mφ0 .

by imposing an appropriate cut on the invariant mass

m(bb) of each pair of b-jets, forcing it to be close to

the Higgs mass. The second one, non-resonant four

jet background, can be eliminated by imposing a cut

on the polar angle. Therefore, we hope that by im-

posing appropriate cuts on the invariant mass and the

polar angle and using efficient b-tagging, it is possible

to detect the signatures of the neutral Higgs boson φ0

via the subprocess γγ→φ0φ0 → bbbb in future ILC

experiments.

4 Conclusions

The LRTH model predicts the existence of neutral

scalar particles. If possible, signals of these new par-

ticles can be detected in future experiments, which

will be important for testing the LRTH model and

the EWSB mechanism. In this paper, we consider the

pair production of neutral Higgs bosons predicted by

the LRTH model via γγ collisions, and discuss their

possible signatures in future ILC experiments.

We calculate the effective production cross sec-

tions of the neutral Higgs boson pairs via the sub-

processes γγ→φ0φ0, γγ→hh and γγ→φ0h at the

ILC. Our numerical results show that the production

rates of the neutral Higgs boson pairs mainly depend

on the scale parameter f and the c.m. energy
√

s.

In most of the parameter space, the effective cross

section σ of the subprocesses γγ → φ0φ0 is larger

than that for the second or third subprocesses. For

500 GeV6 f 61500 GeV, 500 GeV6
√

s 62000 GeV

and 120 GeV6 mφ0 6180 GeV, σ(γγ → φ0φ0)

is in the range of 0.04–8.79 fb, while the value of

σ(γγ → φ0h) or σ(γγ →hh ) is smaller than 1 fb.

Since the neutral Higgs boson φ0 mainly decays to
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bb̄, its pair production can easily transfer to the b̄b̄bb

final state. If we assume the integrated luminosity

£int = 100 fb−1 for the ILC with the c.m. energy√
s = 500 GeV, there will be several and up to sev-

eral hundreds of b̄b̄bb events to be generated. Thus,

the possible signals of the LRTH model might be de-

tected via the subprocess γγ → φ0φ0 in future ILC

experiments.

Appendix A

In this appendix, we give the relevant coefficients and

the three-point standard functions related to our calcula-

tions.

The coefficients for the amplitude of Fig. 1(a) are

given by

a
t−loop =

ie3m2
tCLCRx(30p1p2 +11p2

12)

162
√

2fmWsWp2
12π

2
;

a
T−loop =

ie3m2
TCLCRx(30p1p2 +11p2

12)

162
√

2fmWsWp2
12π

2
,

where p12 = p1 +p2.

The three-point standard functions C0 and Cρ in the

amplitude of Fig. 1(a) are defined as [18]

C0(t) = C0(k1, k2, mt, mt, mt),

C0(T) = C0(k1, k2, mT, mT, mT),

C11(t) = C11(k1, k2, mt, mt, mt),

C11(T) = C11(k1, k2, mT, mT, mT),

C12(t) = C12(k1, k2, mt, mt, mt),

C12(T) = C12(k1, k2, mT, mT, mT),

Cρ(t) = k1ρC11(t) +k2ρC12(t),

Cρ(T) = k1ρC11(T ) +k2ρC12(T).

The coefficients of the amplitude of Fig. 1(c) are given

by

c
W−loop =

ie3mWx(30p1p2 +11p2
12)

432
√

2fsWp2
12π

2
;

c
WH−loop =

ie4x2(30p1p2 +11p2
12)

864
√

2s2
Wp2

12π
2

.

The three-point standard functions C0 and Cρ in the

amplitude of Fig. 1(c) are defined as

C0(W) = C0(k1, k2, mW, mW, mW),

C0(WH) = C0(k1, k2, mWH
, mWH

, mWH
),

C11(W) = C11(k1, k2, mW, mW, mW),

C11(WH) = C11(k1, k2, mWH
, mWH

, mWH
),

C12(W) = C12(k1, k2, mW, mW, mW),

C12(WH) = C12(k1, k2, mWH
, mWH

, mWH
),

Cρ(W) = k1ρC11(W) +k2ρC12(W),

Cρ(WH) = k1ρC11(WH) +k2ρC12(WH).
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