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This talk is based on
• Pamela data and leptonically decaying dark matter, P.F. Yin et.al., 

PRD(2009), arXiv:0811.0176.

• Prospects on neutrino signals..., J. Liu et.al., PRD(2009)

• Discriminate different DM scenarios..., J. Zhang et.al., arXiv:0812.0522

• Constraints on DM annihilations by neutrinos…, P.F. Yin et.al., 
PRD(2008)

• Neutrino signals from Solar neutralino annihilations…, J. Liu et.al., 
PRD(2008)

• U-boson at BESIII detector, S.H. Zhu, PRD(2007), hep-ph/0701001



Content
•Some remarks on history

•Pamela/Atic observations and possible (dark matter) 
explanations

•High energy (TeV) neutrino signals to distinguish 
different DM scenarios which can account for 
Pamela/Atic observations

•Discussions



1932, Anderson



1947



1947 by Butler and Rochester



PAMELA satellite
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• Magnetic field can distinguish 
charges by direction of deflexion

• Calorimeter can distinguish

• Detecting ability
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Pamela Pamela, 0810.4995

Pamela, PRL(2009)
Positron and anti-proton are due to…



Atic



Atic

J. Chang et.al., Naure 456,362 (2008)



Implication of PAMELA data

• Need primary source of positron to 
provide  enough flux

• The energy of such positron is up to at 
least 100GeV

• Not produce anti-proton

• In what energy the rise stops, ~ 800 
GeV implied by Atic observation?



Possible interpretations

Over 100 papers within half an year

Pulsars 

Unnoticed QED process

Dark Matter (DM) (focus in this talk)

Not settled yet!



How to do full investigation?

•Adding primary positron/electron source

•Cosmic ray propagates to the Earth



Cosmic ray propagation

• Propagation equation

• Solved by GALPROP

diffusion coefficient 
in the impulse space

radioactive decay loss

fragmentation loss
diffusion coefficient

source term

Convection velocity field that corresponds to 
galactic wind 

http://galprop.stanford.edu/web_galprop/galprop_home.html



Two propagation models of 
GALPROP

•Diffuse+ Convection (DC)
Diffuse+ Reacceleration (DR)

•Considering constraint from B/C and 10Be/9Be 

•Analysis both on positron and anti-proton

•Many authors use analytic formula to give positron fraction, 
and no anti-proton analysis



Positron arising from mono-
energetic gauge boson



Positrons from gauge bosons 
are disfavored

•Examples for gauge boson as the final products of DM

•J. Hisano et al (wino)

•G. Kane et al (wino 200GeV)

•A. Ibarra et al (gravitino decay)



Positron from mono-energetic 
quark



Positrons from quarks are 
disfavored

•b quark (~50GeV) is favored to interpret EGRET gamma ray excess

•In mSUGRA, bino and higgsino mixture. 
Now, disfavored by PAMELA data

•KK DM in universal extra dimension (UED) model has problem in 
explaining the anti-proton flux.



Positron from mono-energetic 
charged lepton





Annihilating DM 
and the “dark secret”

•WIMP DM was in chemical equilibrium with usual matter at relatively 
higher temperature in the early Universe; however DM is annihilating 
now at lower temperature to produce flux of observed SM particles. 

•If interpreting Pamela/Atic, a mysterious mismatch exists, namely Boost 
Factor (BF) is introduced!



Proposed solutions to BF
DM Sub-halo

Non-thermal DM production              T. Moroi et al, hep-ph/9906527 ……

Sommerfeld enhancement J. Hisano et al, hep-ph/0412403 ……

Breit- Wigner enhancement M. Ibe et al, arXiv:0812.0072…

……

Not settled yet and need more data! For example, the light (GeV or 
less) particle should be confirmed/excluded by BES and/or other low 
energy colliders.



Why decaying DM

•In this scenario, the lifetime of DM is an extra parameters

•In order to solve the long-standing cold DM problem on the number of 
stars within galaxy



Decaying DM

W. Buchmuller et al, hep-ph/0702184; G. Bertone, arXiv:0709.2299; A. Ibarra et 
al, arXiv:0709.4593; A. Ibarra et al, arXiv:0804.4596; K. Ishiwata et al, 
arXiv:0805.1133; L. Covi, arXiv: 0809.5030

• Neutralino decay

• right-handed sneutrino

• gravitino

• new gauge boson 
C. R. Chen et al, arXiv: 0809.0792

C. R. Chen et al, arXiv: 0810.4110

P.F. Yin  et al, arXiv:0811.0176



Neutralino with R-parity 
violation

M S S M i j k i j kW W L L Eλ= +



Benchmark points



Benchmark points



Benchmark points



Comments on Pamela/Atic
interpretations

•Only one R-violating term in super potential can fit the PAMELA well 
for neutralino mass from 600GeV~2TeV, and other collider signature 
unchanged 

•Currently 3 ways for interpreting PAMELA
pulsars
annihilating DM 
decaying DM
they can both fit ATIC (which implies heavy DM)

•How to distinguish these different scenarios?



How to distinguish different 
scenarios?



Detect neutrinos in the deep 
ice/water

From the talk of F. Halzen, DM Workshop 07

From the KM3NeT design report



IceCube and Antares

AMANDA / ICECUBEAMANDA / ICECUBE ANTARES /NEMO/NESTORANTARES /NEMO/NESTOR
KM3NeTKM3NeT

From the KM3NeT design report

From the talk of J. Carr, IHEP summer school 08



Neutrino Signals from Dark Matter in 
Light of PAMELA /Atic results

•Neutrino Signal
1. neutrinos from muon/tau decay
2. large neutrino flux associate with large positron signals
3. high energy neutrino >600GeV or higher as signals. The 
background (due to …) is smaller.

•Especially, “Sommerfeld effect” enhances the signal from DM 
subhalo due to the lower velocity dispersion.  

N. Arkani-Hamed et al. , Phys. Rev. D. 79, 015014 (2009).



Neutrino flux from DM annihilation in the 
galactic center (GC) and  DM Subhalo

• Neutrino flux formula

• Particle Physics factor

typical cross 
section for DM relic 
density

Boost fatcor

• Astrophysical factor

DM mass density profile

local DM density 0.34 GeV cm^-3
Distance between the GC and Sun 8.5 kpc



Neutrino flux from DM decay in 
the GC and Subhalo

• Neutrino flux formula

• Particle Physics factor

lifetime of DM

• Astrophysical factor

• The solid angle average of J factor is defined as



Astrophysical factor from GC

• Annihilating DM benefits from 
cusped DM profile

• The GC is good candidate for DM 
indirect detect



Neutrino flux from GC for annihilating DM

• Heavy DM is easier to detect

• Tau channel produce more neutrinos

• Annihilating DM benefits from cusped profile

• High angular resolution is crucial for cut spherical atmospheric neutrino



Neutrino flux from GC for 
decaying DM

• The neutrino signals from decaying DM is difficult to detect



Neutrino flux from Subhalo
• Massive DM subhalo can be 

point source

• Small cone can suppress 
background

• Enhancement: 
Annihilating DM >Decaying DM

P. F. Yin  et al. , Phys. Rev. D. 78, 065027 (2008).



Neutrino flux from Subhalo

• The probabilities to find such massive subhalo



Muon flux calculation

• cross section for the muon production process

• muon range: the distance that 

a muon can travel

• effective area of telescope

• Counting for both muon and 
anti-muons

• muon neutrino flux arrived at the telescope.

we assume three flavor neutrino flux are equal due to vacuum oscillation.  



Muon rate from GC at 
Antares

• Muon rate for annihilating DM 
from GC



Muon rate for DM in the Subhalo
at IceCube

• Muon rate for 
annihilating DM in 
the Subhalo



Muon rate from Subhalo at 
IceCube

• Muon rate for annihilating DM from 
Subhalo



Comments on high energy 
neutrino as the discriminator 

• In annihilating DM scenario
Antares is promising for discovering the  neutrino signal from 
the GC
IceCube is promising for discovering the  neutrino signal from 
Subhalo

• In decaying DM scenario it is difficult.

• In pulsar scenario it is difficult too.



Discussions
•Pamela/Atic have provided new insights on particle physics

•Neutrino telescope and other non-accelerator observations are 
necessarily consistent with the DM conjectures

•Colliders (BES/Babar/LEP/Tevatron/LHC/ILC) are necessary 
machines to pin down the picture.

•The era of synergy between non-collider and collider experiments!



Thanks for your attention!
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