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Introduction
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Electro-VWeak Symmetry Breaking

Higgs mechanism: v

/N,

Naturalness and the hierarchy problem:

Not seen yet.

A~ Mp ~101%GeV  vs  Myea ~ 10° GeV
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Radiative corrections to Higgs mass

scalar top

An alternative solution:



Dark Matter

Rotation curves of galaxies: DM in galactic halo.

expected
from

M33 rotation curve

S http://www.hep.shef.ac.uk/

Other evidences:

cluster gas, gravitational lensing,
colliding clusters
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Cosmic microwave background:
WMAP Qcpmh® = 0.1131 + 0.0034

Atoms
4.6%

Dark
Energy

72%
Dark °

Matter
23%

http://map.gsfc.nasa.gov/

How particle physics explains the dark matter?

Supersymmetry » Neutralino

Gauge-Higgs unification > !
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Stable Higgs as Dark Matter (Dark Higgs scenario)

iuri newspaper,

Yom

,2010

the front page
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Questions on the dark Higgs scenario

How is it realized?
a gauge-Higgs unification model

Does it explain the relic abundance?
a constraint on Higgs mass

How do we confirm it?

collider phenomenology
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Gauge-Higgs Unification
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Five-dimensional space-time: 2"/ = (2#, )

Gauge field: Axr = ((41,)

4D vector 4D scalar > Higgs

5D gauge inv. > Massless Ay

A potential solution to the naturalness problem!
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4D Higgs field: Wilson line (AB) phase
M?* x St (multiply connected)

o p A 271 R
D bl ~g [ Ay dy
0

(0rr) # 0 at quantum level.

Nontrivial Vg () at |-loop.

Hosotani mechanism, 1983

Gauge symmetry is dynamically broken.



Flat space and warped space

M* x (S'/Z3) Randall-Sundrum

B B
oy /
B 5 - ),
. g
O

ds” = dw,dx pdx” + dy

Y. Hosotani

warp factor

6—k7TR N 10—15

Two fixed points: y=0,y=nR > Two branes.

RS warped space » Realistic spectrum
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An SO(5)xU(1) model on RS warped space

Agashe,Contino,Pomarol, 2005. Hosotani, Sakamura, 2006.
Medina, Shah,Wagner, 2007. Hosotani, Oda, Ohnuma, Sakamura, 2008.

e \
/ AdS A = —6 k2 /
Planck brane == TeV brane
- < SO(5) x U(1) /
y=0my=ﬂR N
A
/ () @ -0 =P ) @wE]
N Y y
A A
(A:) (CE,T;R_ y) = P <_Xy) (majR‘l'y)PlT
- | OrbifoldBC: Py, Py | ’
N Y

Y. Hosotani, ICFP2009, 25 September 2009 - 5
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[ Origin of the Higgs doublet ]

~

J

SO(5) — SO(4) ~ SU(2). x SU(2) .
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SO(5)xU(1) Model on RS |

YH, Oda, Ohnuma, Sakamura 2008
(YH, Noda, Uekusa 2009)

S

Planck brane

/

SU©2), x U(1)y @

Ang B

~N
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SU(2);, x SU(2

At low energies v, W, Z (tL) Y
R R

H

b,

J

Minoru TANAKA

Y. Hosotani, YJ¥5¢4s, 12 September 2009 - 2

x U(1)



EWSB by Hosotani mechanism
4D Higgs field: Wilson line (AB) phase, 0 (z)

> Periodicity: £(0y) = L(0g + 2n)

Bulk fermions: vectors (and/or tensors) of SO(5),
no spinors.
> Reduction of period: L(0x) = L(0y + )

Mirror reflection symmetry
y——Y, Ay_>_Ay7 \P_>75\Ij

> Parity: £(0y) = L(—0p)
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Leg = — eff(éH)_mef(éH)ff

n 1 n
+miy ()W W, + §mQZ(9H)Z“Zu

Symmetry implications:

A

Vet (O + 1) = Vg (0p1) = Vo (—051)



@ )
Effective potential Y. Hosotani

Vacuum: Minimize Veg(0) @ ¢

HH — 7T/2 LT OZZH
Physical Higgs: g;
T  H(x) B

éH(ZC) — | °
2 JH gy = 946GeV (= myw = gfu/2)

A new dynamical parity, H-parity,
T H T H T H

| > >

2 fH HA—>—9A 2 fH é%é—l-WQ fH
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Integrating out KK modes,

. A 1 CoA
mw (0 ) ~ cosOymy(0g) ~ §ng sin O |

mf(éH) ~ )\, SIn éH ,

2

2
Lii = ——WHWHW, - ZH%717,
J i 211
2y A+

No odd powers of H .

A good candidate for WIMP DM.

19



Dark Higgs
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10-1s Kolb and Turner, 1989
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1 10 100 1000
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Annihilation processes:
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Relic Abundance

02F

O h?
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favored.

Tf ~ 3 GGV



N = Z (N|mgqq|N)/my ~ 0.1 ~ 0.3
q=u,d,s
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Spin-Independent Cross Section
CDMS I 107

arXiv:0912.3592

I Ellis 2005 LEEST .
[ TRoszkowski 2007 (95%) |1
%X  ZEPLIN III 2008 i
+ EDELWEISS 2009
XENON10 2007
''''' CDMS Soudan 2008
m— CDMS 2009 Ge
< = CDMS Soudan (All)
10 - | e Expected Sensitivity

Local DM density
po = 0.3GeV /cm?

assumed in exps.

For mpyg — 70 GeV

WIMP-nucleon Oy [cmz]

Exp. bound:

et < 3.8 x 10~ om? "

90% CL W

10 10 10
WIMP mass [GeV/cZ]

Prediction:
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Collider Signals
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015/ 7.\ 7z, —mm— = , o
o ' ~ -/ violates the unitarity
f P
f | 2
fb 0 . unless S/mKK < 1.
005 migr ~ 1.5 TeV

* %00 400 500 600 700 800 9001000 /5 = 500 GeV
Vs (GeV) in the following.
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Diagrams by MadGraph

BG cross section with
Mmiss > 120 GeV

opc ~ 3111b

« AW Need polarizations!

| . . : beams and Z

ve

e ve e ve
w 4 z ve _5 Z ve _4
ve ve ve ve
e e
o 7 Z Z
2 3 2 3 ) 3
graph 7 graph 8 graph 9
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|deal case: eze;% — A1 HH , Z7vp
Osignal =~ 0.12fb vs opg =~ 0.421b
| cos 0] < 0.6 is applied.

Nsignal
\/Nsignal =+ NBG

Significance: S =

S = 1.4\/L/100fb_1

A few (or more) ab™ ' is required!
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Signal: Weak boson fusion

a (forward) jet

Pr

a (backward) jet

> Similar as invisible Higgs search
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™~in the SM

o ~ 1.5 fb Eboli, Zeppenfeld
HH ' pl>40GeV,  |n;| <5.0,
OBG = 167 tb

nj1—nj2| > 4.4, nj1-nj2 <0,
S ~ 1.2\/L/100 fb~!

pr > 100 GeV.
Minoru TANAKA 30

ij > 1200 GeV, ¢J] < 1.



Summary
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Stable Higgs in gauge-Higgs unifiction is
a viable candidate of dark matter.

mp ~ 70 GeV is predicted.

Direct detection is likely.

Exp. limits depend on the local DM density, po .
po =~ 0.04 ~ 0.6 GeV /cm®

We need a few ab~ ' or more.
both for LHC and LC.

Signals in KK mode production should be studied.

mgk ~ 1.5 TeV Higher energy colliders?
Lowering KK mass?
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Backup Slides
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Spin-Independent Cross Section

10_41_' L LI I A L B B I B B LI N N I B N R A N L
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1_44 1 1
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For my = 70 GeV
Prediction:

Exp. bound: o5 = 3.8 x 107" cm”
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Uncertainties in the direct detection

Local density of CDM (not measured)

po = 0.3GeV/cm®
assumed in the experiments.

po = 0.2 ~ 0.6 GeV /cm®
reasonable for smooth halo.
po ~ 0.04 GeV/cm® (Kamionkowski and Koushiappas)

possible for non-smooth halo.

Effective Higgs coupling HHf f
may be altered in more general models.
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®., [cm ?s~'GeV])

2
Y

Log(E

HH — ~v, vZ in the Galactic halo.

Two (nearly) monochromatic gamma lines.

E, =mpy(~70GeV),my —m%/(4mp)(~ 40GeV)

O~n~ (v Z) U|U .0 = 4.3(5.4) X 1

B UL L
- IDM: NFW, A0~10"°, o¢ =7%

} (\ 50 GeV, boost ~10*

:_/\ 70 GeV, boost ~100

T I T T T T

Log(E~ [GeV])
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Gustafsson et al.




