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Abstract

In certain five-dimensional gauge theories the Standard Model Higgs doublet is identified, after compactification on the orbifold S1/Z2, with
the zero mode of the fifth component of the gauge field. An effective potential for the Higgs field is generated via quantum corrections, triggered
by the breaking of the underlying gauge symmetry through boundary conditions. The quartic Higgs coupling can be estimated at low energies
by employing the boundary condition that it vanishes at the compactification scale Λ, as required by five-dimensional gauge invariance. For
Λ � 1013–1014 GeV, the Standard Model Higgs boson mass is found to be mH = 125 ± 4 GeV, corresponding to a top quark pole mass Mt =
170.9 ± 1.8 GeV. A more complete (gauge-Higgs–Yukawa) unification can be realized for Λ ∼ 108 GeV, which happens to be the scale at which
the SU(2) weak coupling and the top quark Yukawa coupling have the same value. For this case, mH = 117 ± 4 GeV.
© 2007 Elsevier B.V. All rights reserved.

ELSEVIER 

•;;, ScienceDirect PHYSICS LETTERS B 
It seems reasonable to hope that the Standard Model (SM)
Higgs boson will likely be found in the near future, most likely
at the LHC. The discovery should reveal a great deal about the
origin of electroweak breaking and the mechanism responsible
for generating the quark and charged lepton masses. A pre-
cise measurement of the Higgs mass mH should help distin-
guish between various competing theoretical ideas. One could
argue, for example, that the MSSM would be one of the fa-
vored schemes if mH turns out to be close to its current ex-
perimental lower limit of 114.4 GeV [1]. However, values of
mH around 125 GeV or larger, would suggest a much more
serious consideration of other competing ideas. For instance,
in a class of higher-dimensional supersymmetric orbifold mod-
els in which the 4D N = 1 supersymmetry is broken at MGUT,
the Higgs mass mH = 145(±19) GeV [2]. The SM gauge cou-
plings in these models are unified at MGUT by employing a
non-canonical U(1)Y . An important extension of these ideas
implements gauge and Yukawa coupling unification at MGUT
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[3]. For instance, with gauge-top quark Yukawa coupling uni-
fication and with SUSY broken at MGUT, the SM Higgs boson
mass turns out to be 135 ± 6 GeV [3]. Somewhat larger values
for the Higgs mass, 144 ± 4 GeV, are found with gauge-bottom
quark Yukawa coupling unification [3].

In this Letter we attempt to estimate mH by employing the
idea of gauge-Higgs unification (GHU) which has attracted a
fair amount of recent attention [4–12]. We consider, in partic-
ular, 5D models compactified on an orbifold S1/Z2, such that
the zero mode of the fifth component of the bulk gauge field can
be identified with the SM Higgs doublet. The so-called “gauge-
Higgs” condition, to be explained shortly, enables us to estimate
the SM Higgs mass mH . Using two-loop renormalization group
equations (RGEs), we find that mH exceeds the LEP2 lower
bound if the compactification scale Λ � 106 GeV. The weak
SU(2) gauge coupling and the top Yukawa coupling have the
same magnitude at scales close to 108 GeV. If the latter is iden-
tified with the compactification scale, the Higgs mass mH is
predicted to be 117 ± 4 GeV. Finally, following [2,3], if Λ is
identified with the SM gauge coupling unification scale of or-
der 4 × 1016 GeV which is possible with non-canonical U(1)Y ,
mH = 125 ± 4 GeV.
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We consider 5D Gauge-Higgs Unification (GHU) model
with the fifth dimension compactified on the orbifold S1/Z2
which yields a chiral “low energy” theory in four dimensions.
In GHU models, the 5D bulk gauge symmetry is broken down
to the SM by imposing suitable boundary conditions. The SM
Higgs doublet emerges as a zero-mode of the fifth component
of the higher-dimensional gauge field. The higher-dimensional
gauge symmetry prevents the appearance of a tree level scalar
potential. However, since the bulk gauge symmetry is broken
by the boundary condition, a quartic Higgs potential is induced
through quantum correction. In particular, at one-loop level,
the effective Higgs potential has been found to be finite [6].
This finiteness can be interpreted as a remnant of the higher-
dimensional gauge invariance and its non-local breaking by the
boundary condition. The mass scale of the finite effective poten-
tial is controlled by the Kaluza–Klein (KK) mass, 1/R, where
R is the radius of the fifth dimension.

Recently, a new phenomenological treatment of GHU mod-
els has been proposed [8]. It has been shown that the effective
SM Higgs quartic coupling λ calculated in a given GHU model
coincides with the one radiatively generated in the effective low
energy theory (without a quartic coupling at tree level), pro-
vide the compactification scale Λ = 1/(2πR) is identified with
the cutoff scale in evaluating quantum corrections. This im-
plies that the higher-dimensional gauge invariance is restored
at scales smaller than the extra-dimensional volume 2πR, such
that there is no effective quartic Higgs coupling at high energy,
it appears, should be applicable to any GHU model. Thus, us-
ing renormalization group equations (RGEs), we can evaluate
the SM quartic Higgs coupling by requiring that λ vanishes at
Λ = 1/(2πR). This boundary condition for λ is called [8] the
“gauge-Higgs condition”. It is reminiscent of the so-called vac-
uum stability bound on mH [13].

Corrections to the Higgs mass squared in GHU models, on
the other hand, are very much dependent on the particle content
and imposed boundary conditions (see, for instance [8]), and so
in this Letter we can treat the Higgs mass2 as a free parameter in
the low energy effective theory, to be suitably adjusted to yield
the desired electroweak symmetry breaking.

In contrast, as we previously discussed, the gauge-Higgs
condition is a model-independent condition imposed on the
low energy effective theory. Therefore, when applied to the
SM Higgs doublet, we can obtain a prediction for the physical
Higgs boson mass as a function of the compactification scale.
The Higgs boson mass prediction we will obtain is magnitude
wise the same as the vacuum stability bound mentioned above.
However, we have a physics interpretation for it, namely the
GHU model(s) provides an ultraviolet completion of the SM.
In the bottom–up picture, the quartic Higgs coupling in the SM
reaches zero at the compactification scale, at which point the
GHU model takes over. The Higgs potential is smoothed away
such that no instability in the Higgs potential occurs.

We are now ready to discuss the physical Higgs bo-
son mass mH in this setup. With the electroweak symme-
try breaking property implemented, mH is determined by its
quartic coupling. Imposing the “gauge-Higgs condition” for
the Higgs quartic coupling at a given compactification scale
Λ(= 1/(2πR)) and solving the two loop RGEs, [14], towards
the electroweak scale, we obtain the Higgs boson mass as a
function of Λ. Namely,

(1)mH (mH ) = √
λ(mH )v.

For the three SM gauge couplings, we have
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The top quark pole mass is taken to be Mt = 170.9 ± 1.8 GeV,
[15], with (α1, α2, α3) = (0.01681,0.03354,0.1176) at MZ

[16]. For the top Yukawa coupling yt , [14],
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In solving Eq. (4) from Mt to the compactification scale Λ, the
initial top Yukawa coupling at μ = Mt is determined from the
relation between the pole mass and the running Yukawa cou-
pling [17],
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with yt (Mt) = √
2mt(Mt)/v, where v = 246.2 GeV.

The RGE for the Higgs quartic coupling is given by [14],
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In Fig. 1, we plot the Higgs boson mass mH as a func-
tion of the compactification scale for an input top quark pole
mass Mt = 170.9 ± 1.8 GeV. The current Higgs boson mass
bound, mH > 114.4 GeV, from LEP2 [1] is displayed as hor-
izontal line. Requiring the compactification scale Λ � MPl =
1.2 × 1019 GeV, the upper bound on the Higgs boson mass is
found to be mH � 129 GeV. A compactification scale larger
than 2.5 × 106 GeV results in a Higgs boson mass which is
consistent with the current lower bound. Higgs boson masses
for varying top quark pole mass and the compactification scale
are listed in Table 1.

In the (simplest) GHU model, the unification of gauge and
Yukawa interactions would imply fermion mass coincide with
the weak gauge boson mass at Λ. With the possible exception

Fig. 1. Higgs boson mass prediction versus the compactification scale,
Log10(Λ/GeV). The solid lines (in red) correspond from bottom to top to input
top quark pole masses, Mt = 169.1, 170.9 and 172.8 GeV. The horizontal line
shows the current Higgs mass bound, mH � 114.4 GeV, from LEP2. (For inter-
pretation of the references to colour in this figure legend, the reader is referred
to the web version of this Letter.)

Table 1
Higgs boson masses (in GeV) for varying Mt and Λ

Λ [GeV] Mt = 169.1 GeV Mt = 170.9 GeV Mt = 172.8 GeV

105 100.0 102.4 104.9
107 111.3 114.1 116.9
109 116.4 119.4 122.5
1011 119.1 122.2 125.4
1013 120.5 123.8 127.1
1015 121.1 124.6 128.0
1017 121.4 124.9 128.4
1019 121.2 124.9 128.5

125 

120 

> (I) 

CJ 115 
J: 
E 

110 
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1005 6 7 8 9 10 11 12 13 14 15 16 17 18 19 
Log10(A/GeV) 
of the top quark, as we will see, this is clearly not acceptable. To
realize the hierarchy of fermion masses in the SM, more elabo-
rate GHU model must be considered. There have been various
efforts along this direction [11]. As far as the top quark is con-
cerned the running top Yukawa coupling and the SU(2) gauge
coupling meet at an intermediate scale (see Fig. 2), and it would
be natural to identify this ‘merger’ point with the compactifica-
tion scale. This observation allows us to realize gauge-Higgs
and gauge-top Yukawa coupling unification at Λ, [12], in this
case more precise prediction for the Higgs boson mass is ob-
tained, namely mH = 117 ± 4 GeV (see Table 2).

Another interesting possibility is to identify Λ with MGUT ∼
1014–1016 GeV. In this case, mH = 125±4 GeV. Although the
three SM gauge couplings do not meet at MGUT with a canoni-
cal normalization of 5/3 for U(1)Y , a different choice, say 4/3,
can lead to gauge coupling unification at MGUT = 4×1016 GeV
[2,3]. Note that the upper bound on mH we have found for GHU
models is well below the bound of 180 GeV or so, obtained
from the entirely different requirement that λ should remain
perturbative between MZ and MPl.

In conclusion, we have considered gauge-Higgs unification
in five dimensions with S1/Z2 orbifold compactification, such
that the SM Higgs doublet emerges as the fifth component of
the higher-dimensional gauge field. Due to higher-dimensional
gauge invariance, there is no tree level Higgs potential in the
effective four-dimensional theory. This is modified by quantum
corrections which generate a quartic Higgs potential with an ef-
fective finite cutoff, Λ = 1/(2πR). While the induced Higgs

Fig. 2. Plot of SU(2) gauge g2(μ) (dashed line) and top Yukawa yt (μ)

(solid line) coupling versus Log10(μ/GeV). The two couplings merge at
μ = 8.41 × 107 GeV, for Mt = 170.9 GeV.

Table 2
Higgs boson mass (in GeV) for varying Mt with g2(Λ) = yt (Λ) at μ = Λ (see
Fig. 2)

Mt = 169.1 GeV Mt = 170.9 GeV Mt = 172.8 GeV

Λ [GeV] 3.26 × 107 8.41 × 107 2.34 × 108

mH [GeV] 112.9 117.0 121.1
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self energy is highly dependent on the details of the model
considered, the quartic Higgs coupling coincides with the one
obtained in the low energy massless theory by employing the
gauge-Higgs condition at Λ. Imposing this condition on the
Higgs quartic coupling in the SM and employing two loop
RGEs, we have obtained predictions for the Higgs boson mass
as a function of the compactification scale.

Finally, a comment on cosmology is in order here. The
existence of (non-baryonic) dark matter has been established
from various observations of the present universe. Except for
the Higgs sector, the gauge-Higgs unification model shares the
same structure as the universal extra dimension model [18,19],
so that the first KK excitation of U(1)Y gauge boson is a plau-
sible dark matter candidate [20]. In our case, the mass of this
particle can be very high and, indeed, it can exceed the uni-
tarity limit on the mass of cold dark matter as a thermal relic.
However, there are various possibilities to realize superheavy
dark matter, such as its production through inflaton decay.
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