
Stable Higgs Particle
as Dark Matter

Y. Hosotani (Osaka), P. Ko (KIAS), and M.T.

1

arXiv:0908.0212 [hep-ph], to be published in PLB.

2009/09/12, 日本物理学会@甲南大学



2

Stable Higgs as Dark Matter
Both problems may be solved at once.

Introduction

Dark Matter
WMAP: !CDMh2 = 0.1131± 0.0034
Rotation curves of galaxies: DM in galactic halo.

Hierarchy problem: SUSY, PNGB, GHU, ...

Higgs mechanism: Not seen yet.

Electro-Weak Symmetry Breaking



Model
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in 5D warped space-time.

EWSB by Hosotani mechanism.

SO(5)! U(1)

Matter: vectors (and/or tensors) of SO(5),
no spinors.

A new dynamical parity, H-parity,

H(x)! "H(x) .

Hosotani, Oda, Ohnuma, Sakamura, PRD78,096002(2008).

4D Higgs field:  Wilson line phase,

!̂H(x) = !H +
H(x)
fH

.
fH ! 246 GeV



Effective Interactions
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Higgs is STABLE!

A good candidate for WIMP DM.

No odd powers of H .

Integrating out KK modes,

Lint = !m2
W

f2
H

H2W+µW!
µ ! m2

Z

2f2
H

H2ZµZµ

+
!

f

mf

2f2
H

H2f̄f + · · · .



Relic Abundance
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micrOMEGAs 2.2 by G. Belanger et al.

Semi-analytic formula, e.g. Kolb and Turner

Annihilation processes:
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Relic Abundance
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Direct Detection
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HN ! HN
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assumed in exps.
!0 = 0.3 GeV/cm3

Local DM density

mH = 70GeVFor
Prediction: !SI ! (1.2" 2.7)# 10!43 cm2

Exp. bound: !SI ! 5! 10!44 cm2



Conclusion
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Stable Higgs is a viable candidate of dark matter.

mH ! 70 GeV is predicted.

!0 .

Direct detection is likely.

Exp. limits depend on the local DM density, 
!0 ! 0.04 " 0.6 GeV/cm3

Cosmic rays from Higgs pair annihilation may be 
observed.

HH ! !!, !Z E! ! 70 , 40 GeV



Backup Slides
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Effective Lagrangian at the Weak Scale
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Symmetry implication:

Vacuum: !H = "/2 .

Ve!(!̂H + ") = Ve!(!̂H) = Ve!(!!̂H) ,

m2
W,Z(!̂H + ") = m2

W,Z(!̂H) = m2
W,Z(!!̂H) ,

mf (!̂H + ") = !mf (!̂H) = mf (!!̂H) .

Parity inv. under H(x)! "H(x) .

Le! = !Ve!(!̂H)

+m2
W (!̂H)W+µW!

µ +
1
2
m2

Z(!̂H)ZµZµ

!
!

f

mf (!̂H)f̄f

energies are invariant under H(x) ! "H(x) with all other fields kept intact at !H = ±1
2".

We call it the H-parity. Among low energy fields only the Higgs field is H-parity odd. The

Higgs boson becomes stable, protected by the H-parity conservation. We stress that the

H-parity has emerged dynamically, unlike in the models of refs. [18, 19] where an additional

Higgs doublet with odd parity is introduced by hand.

The mass functions are evaluated in the RS space. It is found in refs. [10, 11, 12] that,

to a good approximation,

mW (!̂H) # cos !W mZ(!̂H) #
1

2
gfH sin !̂H ,

mF
a (!̂H) # #a sin !̂H , (6)

where !W is the weak mixing angle and the fermion mass matrix has been approximated

by a diagonal one mF
ab = mF

a $ab. If a fermion belongs to spinor representation of SO(5),

one would obtain mF
a # #a sin 1

2 !̂H . As !H = 1
2", one finds that mW # 1

2gfH and mF
a # #a.

The value of fH is given by fH # 246 GeV. We note that this di!ers from the vev of the

Higgs field fH!H .

Inserting (6) into (1), one finds the various Higgs couplings;

Le! # "
!

m2
W W †

µW µ +
1

2
m2

ZZµZ
µ
"

cos2 H

fH
"

#

a

ma%
"

a%a cos
H

fH
. (7)

The WWHH coupling is given by 1
4g

2W †
µW µH2, which is ("1) times the coupling in the

standard model.1 This coupling includes contributions coming from tree diagrams contain-

ing KK excited states Wn of W in the intermediate states with two vertices WWnH .[13] The

%
"

%H2 coupling is given by (ma/2f 2
H)%

"
a%aH2. It is generated by two vertices %%nH where

%n is the n-th KK excited state of %. One comment is in order. The approximate formula

for the fermion mass function in (6) may need corrections, depending on the details of the

model. The symmetry property leads, in general, to m(!̂H) =
$!

n=0 b2n+1 sin[(2n + 1)!̂H ].

Accordingly the %̄%H2 coupling constant may be altered.

Gauge-Higgs unification models under consideration are characterized with two param-

eters fH and mH at low energies. In a minimal model in the RS warped space, fH is fixed

around 246 GeV by mW # 1
2gfH . The value of mH , on the other hand, depends on the

details of the matter content in the models. In the following numerical analysis, we fix

fH = 246 GeV, whereas mH is treated as a free parameter.

1We use diag.(" + ++) as 4D Minkowski metric.

6
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Uncertainties in the direct detection

Local density of CDM (not measured)
!0 = 0.3 GeV/cm3

assumed in the experiments.
!0 = 0.2 ! 0.6 GeV/cm3

reasonable for smooth halo.
!0 ! 0.04 GeV/cm3

possible for non-smooth halo.

Effective Higgs coupling
may be altered in more general models.

HHf̄f

(Kamionkowski and Koushiappas) 
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Astrophysical Signals
in the Galactic halo.

E! = mH(! 70GeV) ,mH "m2
Z/(4mH)(! 40GeV)

Two (nearly) monochromatic gamma lines.

!!!(!Z) v|v!0 ! 4.3(5.4)" 10"29cm3/s

is ideal to search for with the GLAST experiment [18]. In
Fig. 2, this is illustrated by showing the predicted fluxes
from a !" ! 10"3 sr region around the direction of the
galactic center together with existing observations in the
same sky direction. For simplicity, we assume a standard
Navarro, Frenk, and White (NFW) density profile [19] for
the dark matter halo in our galaxy (J# !"$ 1 for !" !
10"3 sr with the notation of [20]). Processes such as adia-
batic compression could enhance the dark matter density
significantly near the galactic center (see, e.g., [21]), and
we therefore allow our predicted flux to be scaled by a
‘‘boost factor.’’

The Energetic Gamma-Ray Experiment Telescope
(EGRET) data, taken from [20], set an upper limit for the
continuum part of our spectrum. For example, for bench-
mark model II, one finds that an optimistic, but not neces-
sarily unrealistic [21], boost of 104 might be allowed. In
such cases, there would be a truly spectacular !! line
signal waiting for GLAST. However, to enable detection,
boost factors of such magnitudes are not necessary. For H0

masses closer to the W threshold, the !! annihilation rates
become even higher, and in addition Z! production be-
comes important. In fact, these signals would potentially
be visible even without any boost at all (especially if the
background is low, as might be the case if the EGRET
signal is an galactic off-center source as indicated in [22]).
Also shown in Fig. 2 is the data from the currently oper-
ating air Cherenkov telescope HESS [23]. One may notice
that future air Cherenkov telescopes with lower energy
thresholds will cover all of the interesting region for this
dark matter candidate.

Finally, we have made a systematic parameter scan for
mh ! 500 GeV, calculating the cross section into gamma
lines. The previously mentioned constraints allow us to
scan the full parameter space for dark matter masses below
the W threshold of 80 GeV. The dependence on mH% and

"2 is small, and we set these equal to mH0 & 120 GeV (to
fulfill precision tests) and 0.1, respectively. Importantly,
one notes that the right relic density is obtained with a
significant amount of early Universe coannihilations with
the inert A0 particle. The resulting annihilation rates into
!! and Z! are shown in Fig. 3. The lower and upper mH0

mass bounds come from the accelerator constraints and the
effect on the relic density by the opening of the W&W"

annihilation channel, respectively. For comparison, we
show in the same figure the corresponding annihilation
rates for the neutralino (#) within the minimal supersym-
metric standard model. The stronger line signal and smaller
spread in the predicted IDM flux are caused by the allowed
unsuppressed coupling to W pairs that appear in contrib-
uting Feynman loop diagrams.

Summary and conclusions.—In this Letter, we have
investigated the gamma-ray spectrum from the annihilation
of the inert Higgs dark matter candidate H0. In particular,
we have focused on its striking gamma lines which arise at
the one-loop level and produce an exceptionally clear dark
matter signal.

The gamma line signals are particularly strong for this
scalar dark matter model mainly for two reasons: (1) The
dark matter mass is just below the kinematic threshold for
W production in the zero velocity limit. (2) The dark matter
candidate almost decouples from fermions (i.e., couples
only via standard model Higgs exchange), while still hav-
ing ordinary gauge couplings to the gauge bosons. In fact,
these two properties could define a more general class of
models for which the IDM is an attractive archetype.
Despite small H0 annihilation cross sections, coannihila-

FIG. 1 (color online). The total differential photon distribution
from annihilations of an inert Higgs dark matter particle (solid
line). Shown separately are the contributions from H0H0 ! b #b
(dashed line), $&$" (dash-dotted line), and Z! (dotted line). This
is for the benchmark model I in Table I.

FIG. 2 (color online). Predicted gamma-ray spectra from the
inert Higgs benchmark models I and II as seen by GLAST (solid
lines). The predicted gamma flux is from a !" ! 10"3 sr region
around the direction of the galactic center assuming an NFW
halo profile (with boost factors as indicated in the figure) and
convolved with a 7% Gaussian energy resolution. The boxes
show EGRET data (which set an upper limit for the continuum
signal) and the thick line HESS data in the same sky direction.
The GLAST sensitivity (dotted line) is here defined as 10
detected events within an effective exposure of 1 m2 yr within
a relative energy range of %7%.

PRL 99, 041301 (2007) P H Y S I C A L R E V I E W L E T T E R S week ending
27 JULY 2007
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cf. Inert Doublet Model
Gustafsson et al.
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