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2The real singlet scalar dark matter model

Z2

3 parameters



3Dark matter relic density

Boltzmann Equation:



4Constraints from the DM relic density
W.L. Guo, Y.L. Wu, JHEP10(2010)083

Resonance!

Breit-Wigner effect!
For PAMELA…

V=0.02 V=0.001

W.L. Guo and Y.L. Wu,  PRD 79,055012 (2009)

S-channel Resonance ：

2 2 2 2

2 2

1 ;     
( )

  4 (1 )

v
s M M

s m v

σ ∝
− + Γ

≈ +



5The dark matter direct detection

For scalar interaction:
WIMP-nucleus cross section

WIMP-nucleon cross section
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6Constraints from the DM direct search

Two excluded regions!
Future experiments

W.L. Guo, Y.L. Wu, JHEP10(2010)083

Atmosphere neutrino!
A. Gutlein, et. al, 1003.5530  



7Constraints from the DM indirect search

0.4 GeV

Thermally averaged annihilation cross section：
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Both direct and indirect are very small for resonance region!



8Implications on the Higgs search

The Higgs visible decay branching ratio:
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(2) (2) (1)L R B LSU SU U −× ×

right-handed gauge bosons, 
right-handed neutrinos and 

Gauge singlet DM in the Left-Right model

P and CP properties:
*

P P*
*CP CPIf we introduce a gauge singlet  with  and 
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S S
σ += ⎯⎯→ ⎯⎯→

W.L. Guo, L.M. Wang, Y.L. Wu, Y.F. Zhou and C. Zhuang,  PRD 79, 055015 (2009)

Unique way!

Left-right symmetry model:



10SSB and Mass spectrum in 1HBDM

2 2
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After the SSB:

Mass spectrum :
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11Dark matter mass and interactionsDark matter mass and interactions

~ 10 TeV An approximate global symmetry:Rv ⇒

10 GeV 1 TeVDm≤ ≤

U(1)

*

 S     light DM mass
                          

iqe S
S S
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⇒ +

For WIMP:

Higgs potential related to the Singlet:



12Dark matter annihilation in 1HBDM 
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m vρ λ α λ ρ= → ≡

Same as the simplest DM model before Higgs channel is open!



13Parameter space for 200 Parameter space for 200 GeVGeV --500 500 GeVGeV

Central                               Continuous

W.L. Guo, Y.L. Wu, Y.F. Zhou,arXiv:1008.4479



14LR symmetric two Higgs bidoublet model (2HBDM)

Light Higgs mixing:

Yukawa interactions:

o o o

o o o

o o o

Case I:   =60 , =60 , =150

Case II:  =30 , =0 ,   =0

Case III: =0 ,   =90 , =75
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Diagonal!

SSB

Complex symmetric!
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15Dark matter annihilation in 2HBLR

1,Dvλ 1,Dvλ

WIMP-quark coupling:

1,Dvλ

1,Dλ
23 /hm v

Dvσλ

f2,4,6Velocity 
dependent!

New processes

New products



16Numerical results for coupling

Independent of R and mixing
for mD > 120 GeV

dependent on mixing and R
for mD < 120 GeV

W.L. Guo, Y.L. Wu, Y.F. Zhou,arXiv:1008.4479



17Numerical results for direct search

Case II:
suppressed

Case I III:
enhanced

Depend on R and mixing Two resonances:
More

W.L. Guo, Y.L. Wu, Y.F. Zhou,arXiv:1008.4479



18Numerical results for indirect search

Independent of R and mixing
Direct and Indirect are very small!

W.L. Guo, Y.L. Wu, Y.F. Zhou,arXiv:1008.4479



19Numerical results for 200 < mD < 500 with R=1

Same with
10-200 GeV



20Numerical results for 200 < mD < 500 with R=5

Case II:
suppressed
cancellation

Case I:
enhanced



21DM captured and annihilation in the Sun 

DM elastic scattering
in the Sun 

DM captured
when VDM  < Vesc

Instantaneous
thermalization

DM



22DM capture and annihilation rates 

The evolution of DM number in the Sun:

The DM annihilation rate in the Sun:

DM distribution in the Sun 

> > 1



23The flux of neutrinos at the Earth

• Differential spectrum 
• Neutrino interactions
• Neutrino oscillations

WIMPSIM !

T. Schwetz, et. al, 0808.2016V3

= 0

M. Blennow, et. al.,  0709.3898



24Neutrino induced upward muon flux in Super-K

Neutrino induced upward muon flux:

Approximation: T.K. Gaisser and T. Stanev, PRD 30,985 (1984)

g is the probability that a muon of initial energy E`_\mu has energy E_\mu
after propagating a distance X in rock.

Ethr = 1.6 GeV



25SuperSuper--K resultsK results

Preliminary

PRD 70,083523 (2004)

W.L. Guo and Y.L. Wu,  in preparation

PRD 48, 5505 (1993)



26IceCubeIceCube

Neutrino induced upward muon numbers per year :

M.C. Gonzalez-Garcia, 
F. Halzen, M. Maltoni,
PRD,71 093010 (2005)

Mar

Jun

Sep

23.43

Ethr = 50 GeV



27Atmosphere Background

Atmosphere Background:

M. Honda, et. al, PRD 75,043006 (2007)

E_\mu from 50 to 200 GeV

Take half-angle
to be 2 degree!

Liu, Yin and Zhu, 
PRD 77, 115014 (2008)



28IceCubeIceCube resultsresults

Preliminary

W.L. Guo and Y.L. Wu,  in preparation
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In the simplest DM model, the DM direct search experiments 
can exclude two regions; the DM indirect search experiment 
PAMELA can exclude a very narrow region.

In the 2HBLR, the predicted direct detection cross section 
depends  on the Higgs mixing and Yukawa couplings. 
However, the indirect detection cross section is independent 
of the above two factors.

The neutrino signals from the DM annihilation in the Sun are 
far less than the upper bound in the Super-K and the 
atmosphere background in the IceCube.

Summary
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