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Outline

 2.  DM annihilations as one possible excess source

● Pamela:  e+ / (e+ + e - )  at  ~ 10-80 GeV 

● FermiLat:  (e+ + e - )  spectrum at ~ 200-700 GeV

● annihilation rate needs to be enhanced
=> boost on σ_ann 

 1.  Excess of electromagnetic flux

3.  Enhanced ν flux from DM annihilation
● MC simulation prediction vs IceCube data:
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 2.  DM annihilations as one possible excess source

● Pamela:  e+ / (e+ + e - )  at  ~ 10-80 GeV 

● FermiLat:  (e+ + e - )  spectrum at ~ 200-700 GeV

● annihilation rate needs to be enhanced
=> boost on σ_ann 

Constraints on leptophilic annihilation

 1.  Excess of electromagnetic flux

3.  Enhanced ν flux from DM annihilation

I.A, L. Beraldo Silva, Carlos de Los Heros,  PRD 85, 2012

● MC simulation prediction vs IceCube data:
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Indirect Searches

WIMP capture and annihilationWIMP capture and annihilation
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plot: thanks to F. Halzen
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Indirect Searches

WIMP capture and annihilationWIMP capture and annihilation
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PAMELA Telescope

a Payload for Antimatter Matter Exploration and Light 
Nuclei Astrophysics

- magnetic spectrometer:
bending depends on electric 

charge and rigidity
→ momentum is determined

- calorimeter: e± 

separation from p±

- satellite in an elliptical orbit at an altitude 
between 350 and 610 Km
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Fermi-LAT  Telescope

- γ rays go freely through 
plastic anti-coincidence 

detector
→charged particles cause a 

flash of light
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Bits of Light
Hints from from electromagnetic fluxes

e- + e+ spectrum from
Fermi-Lat (2009)

Pamela - Nature 458 (2009)--- expected diff spectrum
— expected secondary spec
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Possible Scenarios

- STANDARD solutions:

→ pulsars (S. Profumo - arXiv:0812.4457)

→ secondaries from shock accelerated hadrons 
( Blasi  - PRL 103 - 2009)

- DM solutions:

�� ! (tt, bb, ...) ! hadrons

) leptons

�s
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Anti Proton Spectrum

O.~Adriani et al. (PAMELA),
Phys. Rev. Lett., 105 (2010).

�� ! (tt, bb) ! hadrons
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Anti Proton Spectrum

O.~Adriani et al. (PAMELA),
Phys. Rev. Lett., 105 (2010).

✗�� ! (tt, bb) ! hadrons
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DM can explain excess

Extracted from D. Grasso et al. 
  Nucl.Instrum.Meth. A630, 

48-51 (2011).
  

Two Examples

Lepto-philic models: pair 
annihilation into e±,μ±,τ±

P.Fox, E. Poppitz ( PRD 79 - 2009)

Annihilation into e±

Finkbeiner, N. Weiner (PRD 76 - 2007)
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DM Fit

Exclusion at 2σ level
D. Grasso et al.,

Nucl.Instrum.Meth. 
A630, 48-51 (2011)
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DM Fit

Exclusion at 2σ level
these candidates are thermal relics!

h�vi = 3⇥ 10�26cm3/s

D. Grasso et al.,
Nucl.Instrum.Meth. 
A630, 48-51 (2011)
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DM Fit

Exclusion at 2σ level
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these candidates are thermal relics!
h�vi = 3⇥ 10�26cm3/s

D. Grasso et al.,
Nucl.Instrum.Meth. 
A630, 48-51 (2011)
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Boost on ΓA is necessary!!

– ΓA  can be enhanced in several ways:

=> DM substructures in the halo

=> Annihilation XS is enhanced

* Sommerfeld enhancement

=> combination of both effects
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Indirect Searches

∼∼∼
⟶⟶ νν

_

Boost on annihilation XS

Should also boost neutrino 
flux (Delaunay, Fox, Perez JHeP 05 2009)
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Indirect Searches

∼∼∼
⟶⟶ νν

_

Boost on annihilation XS

Should also boost neutrino 
flux (Delaunay, Fox, Perez JHeP 05 2009)

Capture and annihilation 
equilibrium is accelerated 
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DM Capture and Annihilation

�A =
�C
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Thermal relics => 

Today Earth is far from equilibrium 

h�viR = 3⇥ 10�26cm2
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Boost on annihilation XS
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ΓA enhanced by  Bf :

Enhancement is effective if accelerates equilibrium
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DM Annihilation in the Earth

�� ! f⌫⌫ ⌫µ ⌫µ

- primary flux from the center of the Earth:

d�⌫

dE⌫ dAdt d⌦
=

f⌫⌫ �A

4⇡R2
�

dN⌫

dE⌫

- monochromatic ν flux

- secondary ν are too low in energy (Delaunay, Fox, Perez JHeP 05 2009)
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ν production and propagation

- Monte Carlo Simulation:   WIMPSIM code
(M. Blennow, J. Edsjo, T. Ohlsson - JCAP 01 2008)

=> CC and NC interactions

=> ν oscillations

- Output:  νμ  flux           at the detector

- Number of μ at given angular region Ω at IceCube*:
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 DM νs  angular distribution

νμ angular distribution
(from WIMPSIM)
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νs are collimated ~ 3°
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νs  from DM at  IC40
- taking IC angular experimental resolution into account:

( 2° for up-going vertical events )
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- angular window that contains 
90% of expected signal:

 4.1 (3.7)° for 500 (1000) GeV 
DM
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( 2° for up-going vertical events )

 (deg)θ
0 1 2 3 4 5 6 7 8 9 10

θ
/d
ν

dN

0

0.02

0.04

0.06

0.08

0.1

0.12

0.14

0.16

0.18

0.2
-1810×

 = 500 GeVχM

 (deg)θ
0 1 2 3 4 5 6 7 8 9 10

θ
/d

ν
dN

0

0.02

0.04

0.06

0.08

0.1

0.12

0.14

0.16

0.18

0.2
-1810×

 = 1000 GeVχM

- angular window that contains 
90% of expected signal:

 4.1 (3.7)° for 500 (1000) GeV 
DM

main reduction of background 
contamination 
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IC-40 Effective Area
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Expected νs  from DM at  IC40

- -  1 TeV   
—  500 GeV
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IC40 Results

IceCube 40 string configuration

• Measurement of atmospheric neutrino energy spectrum 
(0.1 => 400 TeV) (R.~Abbasi et al., PRD83, 2011)

 

• A Search for a Diffuse Flux of Astrophysical  νμ
(R.~Abbasi et al., PRD83, 2011)

 => search for diffuse E-2 flux of cosmic origin
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IC40 Results

IceCube 40 string configuration

• Measurement of atmospheric neutrino energy spectrum 
(0.1 => 400 TeV) (R.~Abbasi et al., PRD83, 2011)

 

• A Search for a Diffuse Flux of Astrophysical  νμ
(R.~Abbasi et al., PRD83, 2011)

 => search for diffuse E-2 flux of cosmic origin

Both consistent with expected atmospheric flux
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IC40 Data

- Public data from diffuse analysis:
=>  www.icecube.wisc.edu/science/data

• events from near or below the horizon

• background contamination (atm μ from above)
< 1%

• final sample of 13 K events

- angular cut (4.1, 3.7°) corresponding to 500 (1000) GeV 
DM
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IC40 Data

- Public data from diffuse analysis:
=>  www.icecube.wisc.edu/science/data

• events from near or below the horizon

• background contamination (atm μ from above)
< 1%

• final sample of 13 K events

- angular cut (4.1, 3.7°) corresponding to 500 (1000) GeV 
DM

data reduced to 14 (9) events 
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Results

S ≡ predicted number of events
B ≡ measured IC40 events after angular cuts

Xe100 limits:  σ𝝌p ~ 4 (8) x 10-44 cm2  for m𝝌 = 500 (1000) GeV

At these limits: BF > 215 (58) are excluded for fνν = 1
at a 5σ level 
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Comparison with other bounds

10
-26

10
-25

10
-24

10
-23

10
-22

10
-21

10
-20

10
-19

10
-18

10
-17

10 2 10 3 10 4

IceCube bb

IceCube WW

IceCube µµ

CMB µµ

Fermi µµ

Fermi bb

Fermi WW

mχ (GeV)

σ
A

 ×
 v

 (c
m

3 /s)

this work (σχ-p=1 x 10-44)
this work (σχ-p=3 x 10-44)

Thursday, March 28, 13



Conclusions

- if DM annihilation is responsible for PAMELA/FermiLAT 
excesses => enhancement on DM annihilation rate in the
Earth

=> enhancement on ν flux from center of the 
Earth should be seen in neutrino telescopes

- anti-proton measurements (PAMELA) rule out 
annihilations into heavy products

=> leptophilic models are favored 
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Conclusions

- if DM annihilation is responsible for PAMELA/FermiLAT 
excesses => enhancement on DM annihilation rate in the
Earth

=> enhancement on ν flux from center of the 
Earth should be seen in neutrino telescopes

- anti-proton measurements (PAMELA) rule out 
annihilations into heavy products

=> leptophilic models are favored 

 leptophilic models which favor primary neutrino 
production are constrained by our results
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Direct Detection

Coupp
2012

Kims
2012
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