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and is turned out to be the zero temperature effective potential in d-dimension with KK-

mode masses, as it should be. Here we have used the Eucledian version of the dimensional

regularization formula inversely. When the Kaluza-Klein modes Mn > 0 are given as

simple zeros of a function F (x):

F (Mn) = 0, (6)

then the zero-temperature effective potential can be written as [? ] [6] [7] [8]

V (T = 0) = (−1)2η
d

2(4π)d/2Γ(1 + d
2)

∑

n

∫ ∞

0

dx td−1 Re ln[F (it)]. (7)

For the non-zero temperature correction which is given by the m "= 0 part of V (T ), we

obtain [14]

∆V (T "= 0;Mn, η) ≡ V (T )m #=0

= − (−1)2η

2(d−2)/2(
√
π)dβd

∞∑

m=1

∑

n

(−1)2mη

md
Bd/2 (mβ|Mn|) (8)

where Bq(x) ≡ xqKq(x), Bq(0) = 2q−1Γ(q) with Kq(x) being a modified Bessel function

of the second kind.

III. SO(5)× U(1) GAUGE-HIGGS UNIFICATION WITH mH = 126GeV

The explicit forms of the zero-templerature effective potentials are seen in Refs. [16]

[17]

Finite temperature corrections are given by

∆Veff = − T 4

2π2

{
G[{m(W )

n }, 0] +G[{m(Z)
n }, 0] +G[{m(H)

n }, 0]

+G[{m(t)
n }, 12 ] +G[{m(F )

n }, 12 ]
}
, (9)

G[{Mn}, η] = (−1)2η
∞∑

m=1

∑

n

(−1)2mη

md
B2(mMn/T ) (10)

where the mass spectra

3

Finite	  temperature	  correc-ons:	  
M(W),	  M(Z),M(H),M(t)	  are	  KK	  tower	  for	  W,	  Z,	  Higgs	  and	  top	
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Result	  :Almost	  2nd	  order	  (or	  very	  weak	  1st	  order)	  	  phase	  transi-on	

To solve these problems we introduce nF fermion multiplets, ΨF , in the spinor rep-

resentation of SO(5) in the model specified in Ref. [22]. The metric of the RS is

given by ds2 = e−2σ(y)ηµνdxµdxν + dy2 where σ(y) = k|y| for |y| ≤ L and σ(y +

2L) = σ(y). The warp factor is zL = ekL " 1. ΨF satisfies the boundary condi-

tions ΨF (x,−y) = γ5PΨF (x, y) and ΨF (x, L − y) = −γ5PΨF (x, L + y) where P =

diag (1, 1,−1,−1) acts on SO(5) spinor indices. Then the mass spectrum mn = kλn

of the KK tower of ΨF is determined by SL(1;λn, cF )SR(1;λn, cF ) + cos2 1
2θH = 0. Here

SL,R(z;λ, c) = ∓1
2πλ

√
zzLFc±(1/2),c±(1/2)(λz,λzL), where the upper (bottom) sign refers to

L (R). Fα,β(u, v) = Jα(u)Yβ(v) − Yα(u)Jβ(v) where Jα, Yα are Bessel functions. It has

been shown that all 4D anomalies in the model of Ref. [22] cancel. This property is not

spoiled by the addition of ΨF multiplets, as 4D fermions of ΨF are vectorlike.

The effective potential Veff(θH) is cast in a simple form of an integral. The relevant

part of Veff(θH) is given by

Veff(θH ; ξ, ct, cF , nF , k, zL) = 2(3− ξ2)I[QW ] + (3− ξ2)I[QZ ] + 3ξ2I[QS]

−12
{

I[Qtop] + I[Qbottom]
}

− 8nF I[QF ] ,

I[Q(q; θH)] =
(kz−1

L )4

(4π)2

∫ ∞

0

dq q3 ln{1 +Q(q; θH)} ,

QW = cos2 θWQZ = 1
2QS = 1

2Q0[q;
1
2 ] sin

2 θH ,

Qtop =
Qbottom

rt
=

Q0[q; ct]

2(1 + rt)
sin2 θH , QF = Q0[q; cF ] cos

2 1
2θH ,

Q0[q; c] =
zL

q2F̂
c−

1
2 ,c−

1
2
(qz−1

L , q)F̂
c+

1
2 ,c+

1
2
(qz−1

L , q)
. (1)

Here F̂α,β(u, v) = Iα(u)Kβ(v) − e−i(α−β)πKα(u)Iβ(v), where Iα, Kα are modified Bessel

functions. ξ is a gauge parameter in the generalized Rξ gauge introduced in Ref. [22].

The formula for Veff in the ξ = 1 gauge without the I[QF ] term has been given in Refs.

[21] and [23]. ct and cF are the bulk mass parameters for the top-bottom multiplets and

ΨF , respectively. rt ∼ (mb/mt)2 where mb and mt are the masses of the bottom and

top quark. Veff(−θH) = Veff(θH). Further in the absence of I[QF ], Veff has symmetry

Veff(
1
2π + θH) = Veff(

1
2π − θH), representing the H parity invariance. The I[QF ] term

breaks this symmetry. The contributions from light quarks and leptons are negligible.

In the pure gauge theory without fermions Veff is minimized at θH = 0, π where the

EW symmetry remains unbroken. The top quark contribution has minima at θH = ±1
2π,
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∑

KK mode
n

∑

Matsubara mode
m

∫
ln[[2πT (m+ η)]2 + #p2 +M2

n] = [Effective potential (T = 0)]

+ [finite correction (m̃ != 0)]
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