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Overview

1. 511 keV: positrons from the dark side  
ACV, Cline, Martin 2012  
Siegert, … ACV 2016 

2. Cosmology v. the MeV WIMP  
Escudero,…, ACV 2015  
Wilkinson, Boehm, McCabe, ACV 2016 

3. PeV signals of low-mass dark matter at IceCube 
Argüelles, Kheirandish, ACV 2017
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511 keV: INTEGRAL/SPI signal
Siegert et al. 2016
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511 keV: INTEGRAL/SPI signal
Siegert et al. 2016

Source Process Intensity Spectrum Morphology

(Requirement) ⇠ 1043e+s�1 Ee+ . 3 MeV B/D & 1.4
Massive Stars 26Al �+ decay X X ⇥
SNe 44Ti �+ decay X X ⇥
SNIa 56Ni �+ decay ? X ⇥
Novae �+ decay ⇥ X ⇥
Hypernovae/GRBs 56Ni �+ decay ? X ⇥
Cosmic rays p–p collisions ? ⇥ ⇥
Low-mass X-ray Binaries �–� pair creation X X ⇥
Microquasars �–� pair creation X X ⇥
Pulsars �–� pair creation X ⇥ ⇥
Central black hole �–� pair creation ? ⇥ X(?)
Dark Matter* annihilation ? X X

Prantzos et al. 2011
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511 keV: is it DM?
Morphology? Spectrum?

Rate?
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than the de facto gaussian model 

6



511 keV: is it DM?
Morphology? Spectrum?

Rate?

AV 2012

Better fit with DM 
than the de facto gaussian model 

require m <~ 10 MeV to avoid 
gamma ray overproduction

Sizun 2006

6



511 keV: is it DM?
Morphology? Spectrum?

Rate?

AV 2012

Better fit with DM 
than the de facto gaussian model 

require m <~ 10 MeV to avoid 
gamma ray overproduction

Sizun 2006

�511 / h�vi ⇥ J

J =

Z
d⌦

Z

l.o.s.

⇢

2
DM

dx

ṅe+ = 1043s�1

h�vi ' 5⇥ 10�31
⇣ m�

MeV

⌘2
cm3s�1
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�511 / h�vi ⇥ J J =

Z
d⌦

Z

l.o.s.

⇢

2
DM

dx

Jdwarf ⇠ [10�3, 10�2]⇥ JMW

INTEGRAL not sensitive to these fluxes,  
but we can still look
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2 sigma detection 
threshold

Limit on cross section

Recall MW signal requires
h�vi ' 5⇥ 10�31

⇣ m�

MeV

⌘2
cm3s�1

39 Dwarf galaxies
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2 sigma detection 
threshold

Limit on cross section

Recall MW signal requires
h�vi ' 5⇥ 10�31

⇣ m�

MeV

⌘2
cm3s�1

39 Dwarf galaxies

But wait 
what’s this?

6 dwarfs seen at > 2𝝈 
Two seen at > 3𝝈 

Boötes I 
Reticulum II
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Reticulum II
Recently discovered, and subsequently seen 

in gamma rays with Fermi LAT (Hooper & 
Linden 2015, Geringer-Sameth et al 2015)
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Reticulum II
Recently discovered, and subsequently seen 

in gamma rays with Fermi LAT (Hooper & 
Linden 2015, Geringer-Sameth et al 2015)

If light DM is producing 
511 keV signal, cross section 

is 100x too large

ṅe+,GC = 1043s�1

ṅe+,Ret II = 1043s�1

??!
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??!
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Could the galactic signal be a light WIMP?

Require some extra piece to complete  
the relic abundance cross section 

h�vi ' 5⇥ 10�31
⇣ m�

MeV

⌘2
cm3s�1

h�vi ' 3⇥ 10�26cm3s�1

could have
p-wave annihilation to e±

s-wave annihilation to neutrinos

h�vi = a+ b
⇣v
c

⌘2
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Entropy transfer when light DM decouples



Allowed by 
cosmology

+ rescattering of CMB light during propagation to earth

INTEGRAL sig
nal

Allowed by 
cosmology

INTEGRAL sig
nal
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Entropy transfer when light DM decouples
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Probably not a thermal relic 
but we can look at the effect of any 

interaction between DM & the light particles



DM-neutrino interactions:
Power “bled away” on small scales 

by neutrinos streaming away; increased correlations on large scales

Boehm et. al 1404.7012

CMB

matter

Escudero …
 ACV 1505.06735 

W
ilkinson et al. 1401.7597
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?
annihilation scattering

?implies
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Generic scattering cross section: 

� ! const.

� ! const.⇥ E

2
⌫

1)

2)

Perturbation damping limits:

Escudero+ACV++

E⌫ ⌧ m�

Mangano 2006 + many others

⇥(T
⌫

/Ttoday)
2

�
Thomson

= 10�26cm2c.f.
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�DM�⌫ / E2
⌫

✓
PeV

T
⌫,recomb.

◆2

⇠ 1030

IceCube has seen events above a PeV….   

Let’s look there!



IceCube Neutrino 
 Observatory
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53 high-energy neutrinos 
in 4 years



IceCube Neutrino 
 Observatory

1) Neutrino arrives

2) Hits ice/ 
water

3) DOMs see  
Čerenkov light 

from electrons, muons 19

53 high-energy neutrinos 
in 4 years



Isotropic extragalactic neutrino flux

⌫

⌫

⌫

⌫

⌫⌫

⌫

⌫

Milky Way 
dark matter 

halo
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Isotropic extragalactic neutrino flux

⌫

⌫

⌫

⌫

⌫⌫

⌫

⌫

Milky Way 
dark matter 

halo

Anisotropic deflection/energy loss 20



In practice
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scattering from E 
to any energy

⌧(b, l) =

Z

l.o.s

n

�

(x; b, l) dx.

scattering to E from 
any energy Ẽ

column density:

d�(E, ⌧)

d⌧
= ��(E)�(E, ⌧) +

Z 1

E
dẼ

d�(Ẽ, E)

dE
�(Ẽ, ⌧)

b, l: galactic latitude, longitude

Solve to find flux at earth at energy E and direction (b,l)



What about cross section?
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What about cross section?
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�DM�⌫ / E2
⌫

✓
PeV

T
⌫,recomb.

◆2

⇠ 1030

?? No!

�

�̄

q̄

q

�

�̄

q̄

q

E ! ⇤New physics

The low energy approximation does not work at a PeV!!

Begin to resolve microphysics: need more concrete model



Two fiducial simplified models
3 fermion dark matter - vector mediator

g�

� �

�

g⌫
⌫ ⌫

4 scalar dark matter - fermion mediator

4.1 s-channel
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g g
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�
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Feynman diagrams
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�
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g
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1)
Fermion DM, vector mediator: similar to 

a leptophillic Z’ model 
Scales strongly with E

Scalar DM, fermionic mediator:  
e.g. sneutrino dark matter, neutralino  

mediator. Resonant Behaviour (s-channel)
2)
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Dark matter column density seen from Earth
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Dark matter column density seen from Earth

no interaction strong interaction
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Simulation including effects of detector, Earth



Energy & morphology

25

Resonance @ 810 TeV

Energy

IceCube HESE events

Angle from galactic centre



Energy & morphology
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Resonance @ 810 TeV

Energy

IceCube HESE events

Angle from galactic centre



Compare Likelihood to real events
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Limits from IceCube
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Only 53 events: 
already eating into 

cosmology parameter 
space
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Summary

• Over 4 decades after its first detection, 511 keV signal 
from the galactic centre is still there! 

• There’s a similar (but incompatible?) signal in two dwarf 
galaxies 

• Cosmology makes a DM interpretation difficult 

• PeV neutrinos from IceCube give us complementary and 
competitive information
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Thank you
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