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2Outline

The DM annihilation in the Sun

Direct detections in two singlet scalar DM (SSDM) 
models:

SSDM-SM                    Z2
SSDM-2HBDM             P and CP

Neutrino signals in the Super-K and IceCube

Summary



3Evidences for dark matter
(1) The galactic scale:

Flat rotation curves

(2) The scale of galaxy clusters:
The velocity of galaxies in clusters
The X-rays trace the hot gas
The gravitational lensing

(3) The cosmological scale:
Large scale structure
CMB

Optical X-ray Dark Matter

Clowe et al 2006
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4Dark matter searches
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(2) Direct search:

(1) Collider search:

(3) Indirect search:
Annihilation productions:
Gamma rays, Neutrinos, electrons, Positrons
Protons and antiprotons etc.



5DM capture and annihilation in the Sun 

DM elastic scattering
in the Sun 

DM is captured
when VDM  < Vesc

Instantaneous
thermalization

DM

Upgoing muon!



6Real singlet scalar DM model as an extension of SM

Z2

3 parameters



7Dark matter relic density

Boltzmann Equation:

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



8The dark matter direct detection

WIMP-nucleon cross section:

2 vλ

/qm v

J. Ellis, et. al., PRD81,085004,(2010) [0912.3137]

J. Giedt, et. al., PRL103,201802,(2009) [0907.4177]



9Constraints from the DM direct search

Two excluded regions!
Future experiments

W.L. Guo, Y.L. Wu, arXiv:1103.5606

CoGeNT+DAMA
Exclude f > 0.63
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(2) (2) (1)L R B LSU SU U −× ×

right-handed gauge bosons, 
right-handed neutrinos and 

Complex SSDM model as an extention of 2HBDM:SSDM-2HBDM

P and CP properties:
*

P P*
*CP CPIf we introduce a gauge singlet  with  and 

2
D S SS iSS S S

S S
σ += ⎯⎯→ ⎯⎯→

Y.L. Wu and Y.F. Zhou,0709.0042; 0711.3891 

Unique way!

Left-right symmetric two 
Higgs bidoublet model:

W.L. Guo, Y.L. Wu and Y.F. Zhou, PRD82,095004(2010) 
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New processes

New products

A light DM mass and DM annihilationA light DM mass and DM annihilation

~ 10 TeV An approximate global symmetry:Rv ⇒
1 GeV 1 TeVDm≤ ≤

U(1) S     light DM massiqe S⎯⎯⎯→ ⇒

For WIMP:

Higgs potential related to the Singlet:



12Yukawa couplings in the SSDM-2HBDM

Light Higgs mixing:

Yukawa interactions:

o o o
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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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13Dark matter annihilation in the SSDM-2HBDM

WIMP-nucleon cross section:

W.L. Guo, Y.L. Wu, Y.F. Zhou, 
PRD82,095004(2010) 

SSDM-2HBDM



14DM capture and annihilation rates
The evolution of DM number in the Sun:

DM annihilation rate in the Sun:

> > 1
Total captured DM mass in the Sun:

M_DM~ 2*10^17 g
M_Sun= 2*10^33 g 

G. Jungman, M. Kamionkowski, K. Griest
Phys. Rept. 267, 195 (1996)



15The neutrino fluxes at the surface of Earth

• Final state interactions
• Neutrino interactions
• Neutrino oscillations

WIMPSIM !
T. Schwetz, et. al., 0808.2016V3

M. Blennow, et. al.,  0709.3898



16Neutrino 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 L in rock.

Ethr = 1.6 GeV



17SuperSuper--K results (1)K results (1)

PRD 48, 5505 (1993) PRD 70,083523 (2004)

W.L. Guo, Y.L. Wu, arXiv:1103.5606

SSDM-SM SSDM-2HBDM



18SuperSuper--K results (2)K results (2)

SSDM-2HBDM!

SSDM-SM SSDM-SM



19IceCubeIceCube

Neutrino induced upward muon numbers per year :

M.C. Gonzalez-Garcia, F. Halzen, S. Mohapatra, 0902.1176

Mar

Jun

Sep

23.43

Ethr = 50 GeV

Effective area:

Average R:



20Atmosphere 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!

10.2 yr^-1



21IceCubeIceCube resultsresults

SSDM-SM
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The current DM direct search experiments can exclude parts 
of parameter space: f>0.63 (m_D <10), 8<m_D< 50GeV……

The predicted muon fluxes in 3.7<m_D<4.2 GeV and f>0.65 
slightly exceed the SK limit. The CDMS excludes this region. 

For the SSDM-2HBDM, one can adjust the Yukawa couplings 
to avoid the direct detection limits and enhance the predicted 
muon fluxes.

For the allowed parameter space of SSDM-SM and SSDM-
2HBDM, the predicted muon fluxes in Super-K and the muon
event rates in IceCube are less than the Super-K limits and 
atmosphere background, respectively.

Summary
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