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diffusion energy loss convective wind source spallations

Salati, Chardonnay, Barrau, 
Donato, Taillet, Fornengo, 
Maurin, Brun... ‘90s, ‘00s
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What sets the overall expected flux?

Indirect Detection
    and      from  DM annihilations in halop̄ e+

astro&
cosmo

particle reference cross section:
σv = 3 · 10−26cm3/sec



DM halo profiles
From N-body numerical simulations:

cuspy: NFW, Moore
mild: Einasto
smooth: isothermal
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At small r: ρ(r) ∝ 1/rγ
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Indirect Detection
Boost Factor: local clumps in the DM halo enhance the density, 
boost the flux from annihilations. Typically: B ! 1→ 20 (104)
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For illustration:

see:   
Lavalle’s talk   

today



Computing the theory 
predictions
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Spectra at production

W+, Z, b̄, τ+, t̄, h . . . ! e±,
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p ,
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So what are the 
particle physics 
parameters?

1. Dark Matter mass 
2. primary channel(s)

DM

DM



Comparing with data
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Positrons from PAMELA:
Data sets

PAMELA coll., 2008
arXiv: 0810.4995

Nature 458 (2009)

 - steep      excess 
above 10 GeV!

- very large flux!

e+

background ?

[backgnd]

(9430 e+ collected)
(errors statistical only, 

that’s why larger at high energy)

e+

e+ + e−
positron fraction:

keynote:/Users/mcirelli/Documents/talks%20and%20seminars/31.DMinCR/10.DMinCR.ETH%20Zurich.key?id=BGSlide-93
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Data sets
Antiprotons from PAMELA:

 - consistent with 
the background ! ! !
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Results
Which DM spectra can fit the data?
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Results
Which DM spectra can fit the data?

Positrons: Anti-protons:

MDM = 150GeV

Yes!
NO!

(a possible SuperSymmetric candidate: wino)

E.g. a DM with: -mass 
                              -annihilation DM DM→W+W−

[insisting on Winos]

keynote:/Users/mcirelli/Documents/talks%20and%20seminars/31.DMinCR/10.DMinCR.ETH%20Zurich.key?id=BGSlide-106
keynote:/Users/mcirelli/Documents/talks%20and%20seminars/31.DMinCR/10.DMinCR.ETH%20Zurich.key?id=BGSlide-106
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Results
Which DM spectra can fit the data?

E.g. a DM with: -mass 
                              -annihilation
                  but...: -cross sec 

Positrons: Anti-protons:

MDM = 10TeV

Yes! Yes!

Mmm...

boost ! 20000 boost ! 20000

DM DM→W+W−

σannv = 6 · 10−22cm3/sec
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Results
Which DM spectra can fit the data?

E.g. Minimal DM: -mass 
                                  -annihilation
                                  -boost 

Positrons: Anti-protons:

Yes! Yes!

DM DM→W+W−

B ! 30

MDM = 9.7 TeV

Yes!

[Cirelli, Strumia 
et al. 2006]

[thanks to 
Sommerfeld 

enhancement]
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Results
Which DM spectra can fit the data?

Model-independent results:
fit to PAMELA positrons only



Results
Which DM spectra can fit the data?

Model-independent results:
fit to PAMELA positrons + anti-protons

see also:   Donato’s talk   today
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Results
Which DM spectra can fit the data?

Model-independent results:
fit to PAMELA positrons + anti-protons

(1) annihilate into leptons (e.g.            ) or
(2) annihilate into                with mass      10 TeV

µ+µ−

W+W− !



Results
Which DM spectra can fit the data?

Model-independent results:
Boost required by PAMELA

reference
thermal   . σv
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Figure 6: ‘Best’ (DM profile: NFW, propagation parameters: max) and ‘worst’ ( isothermal, min)
scenarios for the detection of heavy dark matter via anti-deuterons. We do not include the 1 TeV case
here as it is already disfavored by the non-observation of anti-protons. We do not include fluxes for
annihilation to W+W− either as they are below the background anyway.

fluxes from primary W+W− are a few orders of magnitude below the background and also con-
centrated at high energy, so essentially undetectable. These features can be essentially traced
back to the characteristics of the primary fluxes presented in fig. 1. The case of Minimal Dark
Matter (green line in fig. 5) falls in this particular category. On the contrary, the fluxes from
primary bb̄ are large (and relatively flat) at low energies, where the sensitivity of the upcoming
experiments is located. Fluxes from larger mass candidates are slightly more suppressed (the
source term depends on M−2

DM, only partly compensated by a larger cross section). It is inter-
esting to note that some of the fluxes can extend into the multi-GeV region (possibly probed
by the AMS-02 mission) while remaining above the background.
It is worth reminding that different choices of the astrophysical parameters lead to order of
magnitude changes in the overall normalization, as discussed above: for instance for max prop-
agation parameters and NFW profile the predicted fluxes (from bb̄) for any DM mass lie well
within the AMS-02 area (‘best case scenario’), while for min and isothermal only the 5 TeV
and 10 TeV candidates are predicted to produce a flux that skims through the GAPS region
(‘worst case scenario’). This is illustrated in fig. 6.

5 Conclusions

We have studied the fluxes of antideuterons produced by heavy Dark Matter annihilations in
the galactic halo. We have proceeded in a model independent way, considering a range of DM
masses and corresponding large annihilation cross sections motivated by the PAMELA results
on the excess in positrons, if interpreted in terms of Dark Matter. These are shown in table 1.
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Aside: anti-deuterium
The signals from heavy, non-leptons-only DM 

are interesting!



Data sets
Electrons + positrons from ATIC, PPB-BETS 
and HESS:

 - an                 excess 
at     700 GeV?
e+ + e−

∼ (2008)
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HESS: 
very interesting (independent!)

 but difficult analysis 
(particle ID: contamination 

from gamma & hadronic showers):
are these upper limits?

[future data from GLAST]
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Results
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Results
Which DM spectra can fit the data?

Yes!
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MDM = 1TeV
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A DM with:  -mass 
                       -annihilation

Results
Which DM spectra can fit the data?

Yes!
Positrons: Anti-protons: Electrons + Positrons:

Yes!
Yes!

MDM = 1TeV
DM DM→ µ+µ−

Have we identified the DM 
for the first time?



Results
Which DM can fit the data?

M.Pospelov and A.Ritz, 0810.1502: Secluded DM - A.Nelson and C.Spitzer, 0810.5167: Slightly Non-Minimal 
DM - Y.Nomura and J.Thaler, 0810.5397: DM through the Axion Portal - R.Harnik and G.Kribs, 0810.5557: 
Dirac DM - D.Feldman, Z.Liu, P.Nath, 0810.5762: Hidden Sector - T.Hambye, 0811.0172: Hidden Vector - Yin, 
Yuan, Liu, Zhang, Bi, Zhu, 0811.0176: Leptonically decaying DM - K.Ishiwata, S.Matsumoto, T.Moroi, 
0811.0250: Superparticle DM - Y.Bai and Z.Han, 0811.0387: sUED DM - P.Fox, E.Poppitz, 0811.0399: 
Leptophilic DM - C.Chen, F.Takahashi, T.T.Yanagida, 0811.0477: Hidden-Gauge-Boson DM - K.Hamaguchi, 
E.Nakamura, S.Shirai, T.T.Yanagida, 0811.0737: Decaying DM in Composite Messenger - E.Ponton, 
L.Randall, 0811.1029: Singlet DM - A.Ibarra, D.Tran, 0811.1555: Decaying DM - S.Baek, P.Ko, 0811.1646: 
U(1) Lmu-Ltau DM - C.Chen, F.Takahashi, T.T.Yanagida, 0811.3357: Decaying Hidden-Gauge-Boson DM - 
I.Cholis, G.Dobler, D.Finkbeiner, L.Goodenough, N.Weiner, 0811.3641: 700+ GeV WIMP - E.Nardi, F.Sannino, 
A.Strumia, 0811.4153: Decaying DM in TechniColor - K.Zurek, 0811.4429: Multicomponent DM - M.Ibe, 
H.Murayama, T.T.Yanagida, 0812.0072: Breit-Wigner enhancement of DM annihilation - E.Chun, J.-C.Park, 
0812.0308: sub-GeV hidden U(1) in GMSB - M.Lattanzi, J.Silk, 0812.0360: Sommerfeld enhancement in 
cold substructures - M.Pospelov, M.Trott, 0812.0432: super-WIMPs decays DM - Zhang, Bi, Liu, Liu, Yin, 
Yuan, Zhu, 0812.0522: Discrimination with SR and IC - Liu, Yin, Zhu, 0812.0964: DMnu from GC - M.Pohl, 
0812.1174: electrons from DM - J.Hisano, M.Kawasaki, K.Kohri, K.Nakayama, 0812.0219: DMnu from GC - 
A.Arvanitaki, S.Dimopoulos, S.Dubovsky, P.Graham, R.Harnik, S.Rajendran, 0812.2075: Decaying DM in 
GUTs - R.Allahverdi, B.Dutta, K.Richardson-McDaniel, Y.Santoso, 0812.2196: SuSy B-L DM- S.Hamaguchi, 
K.Shirai, T.T.Yanagida, 0812.2374: Hidden-Fermion DM decays - D.Hooper, A.Stebbins, K.Zurek, 0812.3202: 
Nearby DM clump - C.Delaunay, P.Fox, G.Perez, 0812.3331: DMnu from Earth - Park, Shu, 0901.0720: Split-
UED DM - .Gogoladze, R.Khalid, Q.Shafi, H.Yuksel, 0901.0923: cMSSM DM with additions - Q.H.Cao, E.Ma, 
G.Shaughnessy, 0901.1334: Dark Matter: the leptonic connection - E.Nezri, M.Tytgat, G.Vertongen, 
0901.2556: Inert Doublet DM - C.-H.Chen, C.-Q.Geng, D.Zhuridov, 0901.2681: Fermionic decaying DM - 
J.Mardon, Y.Nomura, D.Stolarski, J.Thaler, 0901.2926: Cascade annihilations (light non-abelian new 
bosons) - P.Meade, M.Papucci, T.Volansky, 0901.2925: DM sees the light - D.Phalen, A.Pierce, N.Weiner, 
0901.3165: New Heavy Lepton - T.Banks, J.-F.Fortin, 0901.3578: Pyrma baryons - Goh, Hall, Kumar, 
0902.0814: Leptonic Higgs - K.Bae, J.-H. Huh, J.Kim, B.Kyae, R.Viollier, 0812.3511: electrophilic axion from 
flipped-SU(5) with extra spontaneously broken symmetries and a two component DM with Z2   parity - ...

http://www-spires.dur.ac.uk/spires/find/wwwhepau/wwwscan?rawcmd=fin+%22Gogoladze%2C%20Ilia%22
http://www-spires.dur.ac.uk/spires/find/wwwhepau/wwwscan?rawcmd=fin+%22Gogoladze%2C%20Ilia%22
http://www-spires.dur.ac.uk/spires/find/wwwhepau/wwwscan?rawcmd=fin+%22Khalid%2C%20Rizwan%22
http://www-spires.dur.ac.uk/spires/find/wwwhepau/wwwscan?rawcmd=fin+%22Khalid%2C%20Rizwan%22
http://www-spires.dur.ac.uk/spires/find/wwwhepau/wwwscan?rawcmd=fin+%22Shafi%2C%20Qaisar%22
http://www-spires.dur.ac.uk/spires/find/wwwhepau/wwwscan?rawcmd=fin+%22Shafi%2C%20Qaisar%22
http://www-spires.dur.ac.uk/spires/find/wwwhepau/wwwscan?rawcmd=fin+%22Yuksel%2C%20Hasan%22
http://www-spires.dur.ac.uk/spires/find/wwwhepau/wwwscan?rawcmd=fin+%22Yuksel%2C%20Hasan%22


Results
Which DM can fit the data?

M.Pospelov and A.Ritz, 0810.1502: Secluded DM - A.Nelson and C.Spitzer, 0810.5167: Slightly Non-Minimal 
DM - Y.Nomura and J.Thaler, 0810.5397: DM through the Axion Portal - R.Harnik and G.Kribs, 0810.5557: 
Dirac DM - D.Feldman, Z.Liu, P.Nath, 0810.5762: Hidden Sector - T.Hambye, 0811.0172: Hidden Vector - Yin, 
Yuan, Liu, Zhang, Bi, Zhu, 0811.0176: Leptonically decaying DM - K.Ishiwata, S.Matsumoto, T.Moroi, 
0811.0250: Superparticle DM - Y.Bai and Z.Han, 0811.0387: sUED DM - P.Fox, E.Poppitz, 0811.0399: 
Leptophilic DM - C.Chen, F.Takahashi, T.T.Yanagida, 0811.0477: Hidden-Gauge-Boson DM - K.Hamaguchi, 
E.Nakamura, S.Shirai, T.T.Yanagida, 0811.0737: Decaying DM in Composite Messenger - E.Ponton, 
L.Randall, 0811.1029: Singlet DM - A.Ibarra, D.Tran, 0811.1555: Decaying DM - S.Baek, P.Ko, 0811.1646: 
U(1) Lmu-Ltau DM - C.Chen, F.Takahashi, T.T.Yanagida, 0811.3357: Decaying Hidden-Gauge-Boson DM - 
I.Cholis, G.Dobler, D.Finkbeiner, L.Goodenough, N.Weiner, 0811.3641: 700+ GeV WIMP - E.Nardi, F.Sannino, 
A.Strumia, 0811.4153: Decaying DM in TechniColor - K.Zurek, 0811.4429: Multicomponent DM - M.Ibe, 
H.Murayama, T.T.Yanagida, 0812.0072: Breit-Wigner enhancement of DM annihilation - E.Chun, J.-C.Park, 
0812.0308: sub-GeV hidden U(1) in GMSB - M.Lattanzi, J.Silk, 0812.0360: Sommerfeld enhancement in 
cold substructures - M.Pospelov, M.Trott, 0812.0432: super-WIMPs decays DM - Zhang, Bi, Liu, Liu, Yin, 
Yuan, Zhu, 0812.0522: Discrimination with SR and IC - Liu, Yin, Zhu, 0812.0964: DMnu from GC - M.Pohl, 
0812.1174: electrons from DM - J.Hisano, M.Kawasaki, K.Kohri, K.Nakayama, 0812.0219: DMnu from GC - 
A.Arvanitaki, S.Dimopoulos, S.Dubovsky, P.Graham, R.Harnik, S.Rajendran, 0812.2075: Decaying DM in 
GUTs - R.Allahverdi, B.Dutta, K.Richardson-McDaniel, Y.Santoso, 0812.2196: SuSy B-L DM- S.Hamaguchi, 
K.Shirai, T.T.Yanagida, 0812.2374: Hidden-Fermion DM decays - D.Hooper, A.Stebbins, K.Zurek, 0812.3202: 
Nearby DM clump - C.Delaunay, P.Fox, G.Perez, 0812.3331: DMnu from Earth - Park, Shu, 0901.0720: Split-
UED DM - .Gogoladze, R.Khalid, Q.Shafi, H.Yuksel, 0901.0923: cMSSM DM with additions - Q.H.Cao, E.Ma, 
G.Shaughnessy, 0901.1334: Dark Matter: the leptonic connection - E.Nezri, M.Tytgat, G.Vertongen, 
0901.2556: Inert Doublet DM - C.-H.Chen, C.-Q.Geng, D.Zhuridov, 0901.2681: Fermionic decaying DM - 
J.Mardon, Y.Nomura, D.Stolarski, J.Thaler, 0901.2926: Cascade annihilations (light non-abelian new 
bosons) - P.Meade, M.Papucci, T.Volansky, 0901.2925: DM sees the light - D.Phalen, A.Pierce, N.Weiner, 
0901.3165: New Heavy Lepton - T.Banks, J.-F.Fortin, 0901.3578: Pyrma baryons - Goh, Hall, Kumar, 
0902.0814: Leptonic Higgs - K.Bae, J.-H. Huh, J.Kim, B.Kyae, R.Viollier, 0812.3511: electrophilic axion from 
flipped-SU(5) with extra spontaneously broken symmetries and a two component DM with Z2   parity - ...

http://www-spires.dur.ac.uk/spires/find/wwwhepau/wwwscan?rawcmd=fin+%22Gogoladze%2C%20Ilia%22
http://www-spires.dur.ac.uk/spires/find/wwwhepau/wwwscan?rawcmd=fin+%22Gogoladze%2C%20Ilia%22
http://www-spires.dur.ac.uk/spires/find/wwwhepau/wwwscan?rawcmd=fin+%22Khalid%2C%20Rizwan%22
http://www-spires.dur.ac.uk/spires/find/wwwhepau/wwwscan?rawcmd=fin+%22Khalid%2C%20Rizwan%22
http://www-spires.dur.ac.uk/spires/find/wwwhepau/wwwscan?rawcmd=fin+%22Shafi%2C%20Qaisar%22
http://www-spires.dur.ac.uk/spires/find/wwwhepau/wwwscan?rawcmd=fin+%22Shafi%2C%20Qaisar%22
http://www-spires.dur.ac.uk/spires/find/wwwhepau/wwwscan?rawcmd=fin+%22Yuksel%2C%20Hasan%22
http://www-spires.dur.ac.uk/spires/find/wwwhepau/wwwscan?rawcmd=fin+%22Yuksel%2C%20Hasan%22


Results
Which DM spectra can fit the data?

Model-independent results:
fit to PAMELA positrons* + balloon experiments

*adding anti-protons does not 
change much, non-leptonic 
channels give too smooth 

spectrum for balloons



Results
Which DM spectra can fit the data?

Model-independent results:
fit to PAMELA positrons* + balloon experiments

(1) annihilate into leptons (e.g.            ), mass    1 TeVµ+µ− ∼



Data sets
Electrons + positrons from FERMI:

FERMI-LAT 
(Usa + France +Italy + Germany + Japan + Sweden)

“Designed as a high-sensitivity 
gamma-ray observatory, 

the FERMI Large Area Telescope 
is also an electron detector 

with a large acceptance”



Data sets
Electrons + positrons adding FERMI:

 - no                 excess e+ + e−

background ?

[formerly predicted GLAST sensitivity]

 - spectrum               .∼ E−3.04
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Which DM spectra can fit the data?
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Results
Which DM spectra can fit the data?
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Results
Which DM spectra can fit the data?
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Results
Which DM spectra can fit the data?

!!
!

!
!

!

!

!

" """"""
"" """

"
"
"
"

"
"

"
"

"

!

! !
!

!

#
#

#
###

#

###

#

$ $

$ $
$ $ $ $ $ $

$
$
$
$

%

%
%%
% % %

%

%&
&&&

&&&& & &
&
&

&

'
'
''''' ' '

'

'
'

""""""""""""""""""""""""""

10 102 103 104
10!3

10!2

10!1

Energy in GeV

E3
!e! "e

"
"inG

eV
2 #cm2

s
sr

FERMI 2009
HESS 2008
ATIC 2008

!!
!

!
!

!

!

!

" """"""
"" """

"
"
"
"

"
"

"
"

"

!

! !
!

!

#
#

#
###

#

###

#

$ $

$ $
$ $ $ $ $ $

$
$
$
$

%

%
%%
% % %

%

%&
&&&

&&&& & &
&
&

&

'
'
''''' ' '

'

'
'

""""""""""""""""""""""""""

10 102 103 104
10!3

10!2

10!1

Energy in GeV

E3
!e! "e

"
"inG

eV
2 #cm2

s
sr

FERMI 2009
HESS 2008
ATIC 2008

!!
!

!
!

!

!

!

" """"""
"" """

"
"
"
"

"
"

"
"

"

!

! !
!

!

#
#

#
###

#

###

#

$ $

$ $
$ $ $ $ $ $

$
$
$
$

%

%
%%
% % %

%

%&
&&&

&&&& & &
&
&

&

'
'
''''' ' '

'

'
'

""""""""""""""""""""""""""

10 102 103 104
10!3

10!2

10!1

Energy in GeV

E3
!e! "e

"
"inG

eV
2 #cm2

s
sr

FERMI 2009
HESS 2008
ATIC 2008

µ+µ−, MDM ! 1 TeV

τ+τ−, MDM ! 2 TeV

W+W−, MDM ! 10 TeV

Notice:
- same spectra still fit PAMELA positron and anti-protons!

Caveats:
- scanning non-systematically propagation parameters 
- varying background (within errors)
- annihilations only (direct ones; and no decay)



Results
Which DM spectra can fit the data?
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Caveats:
- scanning non-systematically propagation parameters 
- varying background (within errors)
- annihilations only (direct ones; and no decay)

Notice:
- same spectra still fit PAMELA positron and anti-protons!

- no features =>  
- smooth lepton spectrum

MDM > 1 TeV



Caveats:
- scanning non-systematically propagation parameters 
- varying background (within errors)
- annihilations only (direct ones; and no decay)

Results
Which DM spectra can fit the data?
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Notice:
- same spectra still fit PAMELA positron and anti-protons!
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- no features =>  
- smooth lepton spectrum

MDM > 1 TeV



Caveats:
- scanning non-systematically propagation parameters 
- varying background (within errors)
- annihilations only (direct ones; and no decay)

Notice:
- same spectra still fit PAMELA positron and anti-protons!

Results
Which DM spectra can fit the data?
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See e.g. Strumia, Papucci et al. (to appear)
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see also:   Bergstrom, Edsjo, Zaharijas   today



Indirect DetectionIndirect Detection
     from  DM annihilations in galactic centerγ

W−, Z, b, τ−, t, h . . . ! e∓,
(−)
p ,

(−)

D . . .

W+, Z, b̄, τ+, t̄, h . . . ! e±,
(−)
p ,

(−)

D . . .

DM

DM

and

and

γ

γ

typically sub-TeV energies



Indirect DetectionIndirect Detection
     from  DM annihilations in Sagittarius Dwarfγ

W−, Z, b, τ−, t, h . . . ! e∓,
(−)
p ,

(−)

D . . .

W+, Z, b̄, τ+, t̄, h . . . ! e±,
(−)
p ,

(−)

D . . .

DM

DM

and

and

γ

γ



Indirect DetectionIndirect Detection
radio-waves from synchrotron radiation of         in GC

N
S

N
S

e±

e±

- compute the population of      
  from DM annihilations in the GC
- compute the synchrotron emitted power 
  for different configurations of galactic !B

e±

(assuming ‘scrambled’ B; in principle, directionality 
could focus emission, lift bounds by O(some))

(energy in B ~ kinetic energy)



Indirect DetectionIndirect Detection
from Inverse Compton on         in haloe±

e±

γ

- upscatter of CMB, infrared and starlight photons on energetic
- probes regions outside of Galactic Center

e±



Comparing with data



Gamma constraints
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HESS has detected     -ray 
emission from Gal Center 
and Gal Ridge. The DM signal 
must not excede that.    

γ

01 -1
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Gal Center
HESS has detected     -ray 
emission from Gal Center 
and Gal Ridge. The DM signal 
must not excede that.    



Gamma constraints

H
ES

S 
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ll.

γ

01 -1

Gal Ridge

HESS has detected     -ray 
emission from Gal Center 
and Gal Ridge. The DM signal 
must not excede that.    
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HESS has detected     -ray 
emission from Gal Center 
and Gal Ridge. The DM signal 
must not excede that.    

σvann = 10−23cm3/sec
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HESS has detected     -ray 
emission from Gal Center 
and Gal Ridge. The DM signal 
must not excede that.    

σvann = 10−23cm3/sec σvann = 10−23cm3/sec



Gamma constraints

H
ES

S 
co

ll.

Ok No

Moreover: no detection from 
Sgr dSph => upper bound.
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HESS has detected     -ray 
emission from Gal Center 
and Gal Ridge. The DM signal 
must not excede that.    

σvann = 10−23cm3/sec σvann = 10−23cm3/sec



EGRET and FERMI have 
measured diffuse    -ray 
emission. The DM signal 
must not excede that.    
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Figure 2: Some examples of ICS signals from selected DM models, in the three different
regions of the sky that we consider, superimposed to the relevant datasets. Left: in the
region ‘5×30’, EGRET datapoints and the signal from a 3 TeV DM candidate annihi-
lating into τ+τ− with σannv = 1.7 · 10−22 cm3/sec, choosing the Einasto DM profile of
eq. (27) (in analogy with [24], where however the Einasto profile differs slightly). Center:
in the region ‘10×60’, EGRET datapoints and a signal from a 1.5 TeV DM candidate
annihilating into µ+µ− with σannv = 5 ·10−23 cm3/sec, choosing the isothermal DM profile
of eq. (29) (in analogy with [26], where however the isothermal profile differs slightly).
Right: in the region ‘10−20’ strips, EGRET datapoints and preliminary FERMI data-
points, together with a signal from a 10 TeV DM candidate annihilating into W+W− with
σannv = 5 · 10−22 cm3/sec, choosing the NFW DM profile of eq. (28).

of MDM = 1.5 TeV annihilating into µ+µ− with 〈σannv〉 = 5 · 10−23cm3/sec. We have
assumed an isothermal DM profile. Here as well the flux lies just below the EGRET data
points. Our result here compares with the result in ref. [26], obtained with GALPROP,
modulo a slightly different choice for the isothermal profile. We again find however a good
agreement between our computation and the fully numerical one.
Finally, in fig. 2c we plot the ICS gamma ray flux in the ‘10−20’ strips, from a DM
candidate of MDM = 10 TeV annihilating into W+W− with 〈σannv〉 = 5 · 10−22cm3/sec,5

assuming an NFW DM profile. The flux here lies well below the EGRET and FERMI
datapoints.

We are only including the ICS contribution in these plots and in our work, and not
the prompt γ-rays from DM annihilations. The latter ones are model dependent and are
expected to be subdominant in these low average DM density regions, especially for large
DM masses.

Scanning systematically a large range of DM masses MDM (100 GeV - 20 TeV) and
considering all the annihilation channels of eq. (25), we derive then constraints on the
annihilation cross section by the following conservative prescription. For each observa-
tional region with the corresponding data points, fixed an annihilation channel, a DM
distribution profile and a DM mass, we impose that the ICS signal must not exceed any
of the experimental data points by more than 3σ. This determines a maximum annihi-
lation cross section. Notice that this is the most conservative possible approach, as we
do not assume anything on the background. An alternative procedure would be to take

5These parameters are characteristic of the Minimal Dark Matter model, see e.g. [53].
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Figure 3: The regions favored by PAMELA (green bands), containing in particular the
areas favored by PAMELA+ATIC (yellow areas), are compared with the bounds from ICS
secondary radiation. The first column of panels refers to DM annihilations into e+e−, the
second into µ+µ− and the third into τ+τ−; the three rows assume respectively an Einasto,
an NFW and an isothermal profile. In each panel, the bounds from EGRET data in the
‘5×30’ region are plotted with a short dashed red line, those from EGRET data in the
‘10×60’ region with a solid red line and those from EGRET data in the ‘10−20’ strips
with a dashed red line. The preliminary FERMI bounds in the ‘10−20’ strips are plotted
with a dashed blue line.
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Figure 3: The regions favored by PAMELA (green bands), containing in particular the
areas favored by PAMELA+ATIC (yellow areas), are compared with the bounds from ICS
secondary radiation. The first column of panels refers to DM annihilations into e+e−, the
second into µ+µ− and the third into τ+τ−; the three rows assume respectively an Einasto,
an NFW and an isothermal profile. In each panel, the bounds from EGRET data in the
‘5×30’ region are plotted with a short dashed red line, those from EGRET data in the
‘10×60’ region with a solid red line and those from EGRET data in the ‘10−20’ strips
with a dashed red line. The preliminary FERMI bounds in the ‘10−20’ strips are plotted
with a dashed blue line.

12

see also:   Regis, Ullio   0904.4645

Cirelli, Panci 0904.3830



Dark Matter 
annihilations

DM annihilations: the game



Dark Matter 
annihilations

DM annihilations: the game
huge σannv

ordinary, 
thermal σannv



Dark Matter 
annihilations

DM annihilations: the game
huge σannv

ordinary, 
thermal σannv



PAMELA
positrons

Dark Matter 
annihilations

DM annihilations: the game
huge σannv

ordinary, 
thermal σannv



PAMELA
positrons

Dark Matter 
annihilations

DM annihilations: the game
huge σannv

ordinary, 
thermal σannv



10 TeV,
WW, qq

leptons only
PAMELA
positrons

Dark Matter 
annihilations

DM annihilations: the game
huge σannv

ordinary, 
thermal σannv ordinary, 

mixed BRs



10 TeV,
WW, qq

leptons only
PAMELA
positrons

Dark Matter 
annihilations

DM annihilations: the game
huge σannv

ordinary, 
mixed BRs

ordinary, 
thermal σannv



PAMELA
anti-p

10 TeV,
WW, qq

leptons only
PAMELA
positrons

Dark Matter 
annihilations

DM annihilations: the game
huge σannv

ordinary, 
mixed BRs

ordinary, 
thermal σannv



PAMELA
anti-p

10 TeV,
WW, qq

leptons only
PAMELA
positrons

Dark Matter 
annihilations

DM annihilations: the game
huge σannv

ordinary, 
mixed BRs

ordinary, 
thermal σannv



10 TeV,
WW, qq

leptons only
PAMELA
positrons

Dark Matter 
annihilations

DM annihilations: the game
huge σannv

PAMELA
anti-p

ordinary, 
mixed BRs

ordinary, 
thermal σannv



10 TeV,
WW, qq

leptons only
PAMELA
positrons

Dark Matter 
annihilations

DM annihilations: the game
huge σannv

PAMELA
anti-p

ordinary, 
mixed BRs

ATIC 2+4ordinary, 
thermal σannv



10 TeV,
WW, qq

leptons only

ATIC 2+4

PAMELA
positrons

Dark Matter 
annihilations

DM annihilations: the game
huge σannv

PAMELA
anti-p

µ+µ−
1 TeV,

ordinary, 
thermal σannv ordinary, 

mixed BRs



10 TeV,
WW, qq

leptons only

ATIC 2+4

PAMELA
positrons

Dark Matter 
annihilations

DM annihilations: the game
huge σannv

PAMELA
anti-p

µ+µ−
1 TeV,

ordinary, 
thermal σannv ordinary, 

mixed BRs



leptons only

ATIC 2+4

PAMELA
positrons

Dark Matter 
annihilations

DM annihilations: the game
huge σannv

PAMELA
anti-p

µ+µ−
1 TeV,

ordinary, 
thermal σannv ordinary, 

mixed BRs 10 TeV,
WW, qq



leptons only

ATIC 2+4

PAMELA
positrons

Dark Matter 
annihilations

DM annihilations: the game
huge σannv

PAMELA
anti-p

µ+µ−
1 TeV,

ordinary, 
thermal σannv ordinary, 

mixed BRs 10 TeV,
WW, qq



leptons only

ATIC 2+4

PAMELA
positrons

Dark Matter 
annihilations

DM annihilations: the game
huge σannv

PAMELA
anti-p

µ+µ−
1 TeV,

FERMI e++e-
HESS e++e-

ordinary, 
thermal σannv ordinary, 

mixed BRs 10 TeV,
WW, qq



leptons only

ATIC 2+4

PAMELA
positrons

Dark Matter 
annihilations

DM annihilations: the game
huge σannv

PAMELA
anti-p

FERMI e++e-
HESS e++e-

1 < 3 TeV,
τ+τ−

ordinary, 
thermal σannv ordinary, 

mixed BRs 10 TeV,
WW, qq

µ+µ−
1 TeV,



leptons only

ATIC 2+4

PAMELA
positrons

Dark Matter 
annihilations

DM annihilations: the game
huge σannv

PAMELA
anti-p

FERMI e++e-
HESS e++e-

1 < 3 TeV,
τ+τ−

ordinary, 
thermal σannv ordinary, 

mixed BRs 10 TeV,
WW, qq

µ+µ−
1 TeV,



leptons only

ATIC 2+4

PAMELA
positrons

Dark Matter 
annihilations

DM annihilations: the game
huge σannv

PAMELA
anti-p

FERMI e++e-
HESS e++e-

1 < 3 TeV,
τ+τ−

   ray & radio
constraints

HESS
γ

ordinary, 
thermal σannv ordinary, 

mixed BRs 10 TeV,
WW, qq

µ+µ−
1 TeV,



standard (NFW, Ein)
DM profiles

leptons only

ATIC 2+4

PAMELA
positrons

Dark Matter 
annihilations

DM annihilations: the game
huge σannv

PAMELA
anti-p

FERMI e++e-
HESS e++e-

1 < 3 TeV,
τ+τ−

distrust the GC

   ray & radio
constraints

HESS
γ

ordinary, 
thermal σannv ordinary, 

mixed BRs 10 TeV,
WW, qq

µ+µ−
1 TeV,



leptons only

ATIC 2+4

PAMELA
positrons

Dark Matter 
annihilations

DM annihilations: the game
huge σannv

PAMELA
anti-p

FERMI e++e-
HESS e++e-

1 < 3 TeV,
τ+τ−

standard (NFW, Ein)
DM profiles

distrust the GC

   ray & radio
constraints

HESS
γ

ordinary, 
thermal σannv ordinary, 

mixed BRs 10 TeV,
WW, qq

µ+µ−
1 TeV,



leptons only

ATIC 2+4

PAMELA
positrons

Dark Matter 
annihilations

DM annihilations: the game
huge σannv

PAMELA
anti-p

FERMI e++e-
HESS e++e-

1 < 3 TeV,
τ+τ−

distrust the GC

   ray & radio
constraints

HESS
γ

ordinary, 
thermal σannv ordinary, 

mixed BRs 10 TeV,
WW, qq

µ+µ−
1 TeV,

standard (NFW, Ein)
DM profiles



leptons only

ATIC 2+4

PAMELA
positrons

Dark Matter 
annihilations

DM annihilations: the game
huge σannv

PAMELA
anti-p

FERMI e++e-
HESS e++e-

1 < 3 TeV,
τ+τ−

distrust the GC

   ray & radio
constraints

HESS
γ

diffuse     ICS
constraints

EGRET + FERMI

γ

ordinary, 
thermal σannv ordinary, 

mixed BRs 10 TeV,
WW, qq

µ+µ−
1 TeV,

standard (NFW, Ein)
DM profiles



smooth (isothermal)
DM profiles

leptons only

ATIC 2+4

PAMELA
positrons

Dark Matter 
annihilations

DM annihilations: the game
huge σannv

PAMELA
anti-p

FERMI e++e-
HESS e++e-

1 < 3 TeV,
τ+τ−

distrust the GC

   ray & radio
constraints

HESS

standard (NFW, Ein)
DM profiles

diffuse     ICS
constraints

EGRET + FERMI

(?)

γ

γ

ordinary, 
thermal σannv ordinary, 

mixed BRs 10 TeV,
WW, qq

µ+µ−
1 TeV,

standard (NFW, Ein)
DM profiles



smooth (isothermal)
DM profiles

leptons only

ATIC 2+4

PAMELA
positrons

Dark Matter 
annihilations

DM annihilations: the game
huge σannv

PAMELA
anti-p

FERMI e++e-
HESS e++e-

1 < 3 TeV,
τ+τ−

distrust the GC

   ray & radio
constraints

HESS

diffuse     ICS
constraints

EGRET + FERMI

standard (NFW, Ein)
DM profiles

(?)

γ

γ

ordinary, 
thermal σannv ordinary, 

mixed BRs 10 TeV,
WW, qq

µ+µ−
1 TeV,

standard (NFW, Ein)
DM profiles



smooth (isothermal)
DM profiles

leptons only

ATIC 2+4

PAMELA
positrons

Dark Matter 
annihilations

DM annihilations: the game
huge σannv

PAMELA
anti-p

FERMI e++e-
HESS e++e-

1 < 3 TeV,
τ+τ−

distrust the GC

   ray & radio
constraints

HESS

diffuse     ICS
constraints

EGRET + FERMI

γ

γ

ordinary, 
thermal σannv ordinary, 

mixed BRs 10 TeV,
WW, qq

µ+µ−
1 TeV,

standard (NFW, Ein)
DM profiles

(?)

standard (NFW, Ein)
DM profiles



numerical
simulations?!

smooth (isothermal)
DM profiles

leptons only

ATIC 2+4

PAMELA
positrons

Dark Matter 
annihilations

DM annihilations: the game
huge σannv

PAMELA
anti-p

FERMI e++e-
HESS e++e-

1 < 3 TeV,
τ+τ−

distrust the GC

   ray & radio
constraints

HESS

diffuse     ICS
constraints

EGRET + FERMI

γ

γ
??

ordinary, 
thermal σannv ordinary, 

mixed BRs 10 TeV,
WW, qq

µ+µ−
1 TeV,

standard (NFW, Ein)
DM profiles

(?)

standard (NFW, Ein)
DM profiles



smooth (isothermal)
DM profiles

leptons only

ATIC 2+4

PAMELA
positrons

Dark Matter 
annihilations

DM annihilations: the game
huge σannv

PAMELA
anti-p

FERMI e++e-
HESS e++e-

1 < 3 TeV,
τ+τ−

distrust the GC

   ray & radio
constraints

HESS

diffuse     ICS
constraints

EGRET + FERMI

γ

γ
??numerical

simulations?!

ordinary, 
mixed BRs

ordinary, 
thermal σannv

10 TeV,
WW, qq

µ+µ−
1 TeV,

standard (NFW, Ein)
DM profiles

(?)

standard (NFW, Ein)
DM profiles



smooth (isothermal)
DM profiles

leptons only

ATIC 2+4

PAMELA
positrons

Dark Matter 
annihilations

DM annihilations: the game
huge σannv

PAMELA
anti-p

FERMI e++e-
HESS e++e-

1 < 3 TeV,
τ+τ−

distrust the GC

   ray & radio
constraints

HESS

diffuse     ICS
constraints

EGRET + FERMI

a real paradigm shift
in DM modeling!

γ

γ
??numerical

simulations?!

ordinary, 
mixed BRs

ordinary, 
thermal σannv

10 TeV,
WW, qq

µ+µ−
1 TeV,

standard (NFW, Ein)
DM profiles

(?)

standard (NFW, Ein)
DM profiles



smooth (isothermal)
DM profiles

leptons only

ATIC 2+4

PAMELA
positrons

Dark Matter 
annihilations

DM annihilations: the game
huge σannv

PAMELA
anti-p

FERMI e++e-
HESS e++e-

1 < 3 TeV,
τ+τ−

distrust the GC

   ray & radio
constraints

HESS

diffuse     ICS
constraints

EGRET + FERMI

a real paradigm shift
in DM modeling!

γ

γ
??numerical

simulations?!

ordinary, 
mixed BRs

ordinary, 
thermal σannv

10 TeV,
WW, qq

µ+µ−
1 TeV,

standard (NFW, Ein)
DM profiles

(?)

standard (NFW, Ein)
DM profiles

?



Conclusions
Indirect DM searches are powerful and promising.



Conclusions
Indirect DM searches are powerful and promising.

The recent PAMELA results might be a breakthrough: 
excess in positrons, nothing in anti-protons. 



Conclusions
Indirect DM searches are powerful and promising.

The recent PAMELA results might be a breakthrough: 
excess in positrons, nothing in anti-protons. 

Would anything go with PAMELA? Not at all! 
DM must

and you need a huge flux.

- annihilate into leptons (e.g.            ) or
- annihilate into                with mass      10 TeV

µ+µ−

W+W− !



Conclusions
Indirect DM searches are powerful and promising.

The recent PAMELA results might be a breakthrough: 
excess in positrons, nothing in anti-protons. 

Would anything go with PAMELA? Not at all! 
DM must

and you need a huge flux.
Not your garden variety vanilla DM...

- annihilate into leptons (e.g.            ) or
- annihilate into                with mass      10 TeV

µ+µ−

W+W− !



Conclusions
Indirect DM searches are powerful and promising.

The recent PAMELA results might be a breakthrough: 
excess in positrons, nothing in anti-protons. 

Would anything go with PAMELA? Not at all! 
DM must

and you need a huge flux.
Not your garden variety vanilla DM...

Adding balloon data (ATIC, PPB-BETS):
DM must annihilate into              and have 

- annihilate into leptons (e.g.            ) or
- annihilate into                with mass      10 TeV

µ+µ−

W+W− !

µ+µ− MDM ! 1 TeV



Conclusions
Indirect DM searches are powerful and promising.

The recent PAMELA results might be a breakthrough: 
excess in positrons, nothing in anti-protons. 

Would anything go with PAMELA? Not at all! 
DM must

and you need a huge flux.
Not your garden variety vanilla DM...

Adding balloon data (ATIC, PPB-BETS):
DM must annihilate into              and have 

- annihilate into leptons (e.g.            ) or
- annihilate into                with mass      10 TeV

µ+µ−

W+W− !

µ+µ− MDM ! 1 TeV
Adding FERMI & HESS data:

DM must annihilate into              (?) and have MDM ! 2 ÷ 3 TeVτ+τ−



Conclusions
Indirect DM searches are powerful and promising.

The recent PAMELA results might be a breakthrough: 
excess in positrons, nothing in anti-protons. 

Would anything go with PAMELA? Not at all! 
DM must

and you need a huge flux.
Not your garden variety vanilla DM...

Adding balloon data (ATIC, PPB-BETS):
DM must annihilate into              and have 

- annihilate into leptons (e.g.            ) or
- annihilate into                with mass      10 TeV

µ+µ−

W+W− !

µ+µ− MDM ! 1 TeV
Adding FERMI & HESS data:

DM must annihilate into              (?) and have MDM ! 2 ÷ 3 TeVτ+τ−

But: gamma, synchrotron and ICS constraints are severe! 
Need a not-too-steep DM profile.



Conclusions
Indirect DM searches are powerful and promising.

The recent PAMELA results might be a breakthrough: 
excess in positrons, nothing in anti-protons. 

Would anything go with PAMELA? Not at all! 
DM must

and you need a huge flux.
Not your garden variety vanilla DM...

Adding balloon data (ATIC, PPB-BETS):
DM must annihilate into              and have 

- annihilate into leptons (e.g.            ) or
- annihilate into                with mass      10 TeV

µ+µ−

W+W− !

µ+µ− MDM ! 1 TeV
Adding FERMI & HESS data:

DM must annihilate into              (?) and have MDM ! 2 ÷ 3 TeVτ+τ−

But: gamma, synchrotron and ICS constraints are severe! 
Need a not-too-steep DM profile.

Future data (PAMELA, FERMI, AMS02...) will be crucial. 
Will it be just some young, nearby pulsar?



Back up slides



A thermal relic 
from the Early Universe
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ΩX ≈
6 10−27cm3s−1

〈σannv〉

Boltzmann equation 
in the Early Universe:

Weak cross section:

〈σannv〉 ≈
α2

w

M2
≈

α2
w

2
1TeV

ΩX ∼ O(few 0.1)⇒ (WIMP)

ΩDM ! 0.23 forRelic

〈σannv〉 = 3 · 10−26cm3/sec

χχ̄ ! ff̄ χχ̄→ ff̄ χχ̄ ! . . .



Indirect Detection
Boost Factor: local clumps in the DM halo enhance the density, 
boost the flux from annihilations. Typically: 
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positrons antiprotons

In principle, B is different for e+, anti-p and gammas,
 energy dependent,
 dependent on many astro assumptions (inner density profile of clump, tidal disruptions and smoothing...),
 with an energy dependent variance, at high energy for e+, at low energy for anti-p. 

B ! 1→ 20 (104)



Astrophysical explanation?
Or perhaps it’s just a young, nearby pulsar...

e±
e−

γ

!B

τ ∼ 0→ 105 yr

Atoyan, Aharonian, Volk (1995)

Must be young (T < 105 yr) and nearby (< 1 kpc); 
if not: too much diffusion, low energy, too low flux.

Predicted flux:                                           with              andΦe± ≈ E−p exp(E/Ec) p ≈ 2
Ec ∼ many TeV

[others?]

A.Boulares, APJ 342 (1989)

Not a  
new 
idea:

(1.4 < p < 2.4, Profumo 2008)

‘Mechanism’: the spinning      of the pulsar strips      that 
emit      that make production of        pairs that are trap-
ped in the cloud, further accelerated and later released 
at                            (typical total energy output: 1046 erg). 
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Or perhaps it’s just a young, nearby pulsar...

Geminga pulsar

Must be young (T < 105 yr) and nearby (< 1 kpc); 
if not: too much diffusion, low energy, too low flux.

‘Mechanism’: the spinning      of the pulsar strips      that 
emit      that make production of        pairs that are trap-
ped in the cloud, further accelerated and later released 
at                           .

e±
e−

γ

!B

τ ∼ 0→ 105 yr

Predicted flux:                                           with              andΦe± ≈ E−p exp(E/Ec) p ≈ 2
Ec ∼ many TeV
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Astrophysical explanation?
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Try the fit with known nearby pulsars:

(funny that it means: 
“it is not there” in milanese)
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Must be young (T < 105 yr) and nearby (< 1 kpc); 
if not: too much diffusion, low energy, too low flux.

‘Mechanism’: the spinning      of the pulsar strips      that 
emit      that make production of        pairs that are trap-
ped in the cloud, further accelerated and later released 
at                           .
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Astrophysical explanation?

Try the fit with known nearby pulsars:

Geminga pulsar



Or perhaps it’s just a young, nearby pulsar...

Must be young (T < 105 yr) and nearby (< 1 kpc); 
if not: too much diffusion, low energy, too low flux.

‘Mechanism’: the spinning      of the pulsar strips      that 
emit      that make production of        pairs that are trap-
ped in the cloud, further accelerated and later released 
at                           .

e±
e−

γ

!B

τ ∼ 0→ 105 yr

Predicted flux:                                           with              andΦe± ≈ E−p exp(E/Ec) p ≈ 2
Ec ∼ many TeV
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nearby young
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Astrophysical explanation?

Try the fit with known nearby pulsars and diffuse mature pulsars:

Geminga pulsar



Or perhaps it’s just a young, nearby pulsar...

Must be young (T < 105 yr) and nearby (< 1 kpc); 
if not: too much diffusion, low energy, too low flux.

‘Mechanism’: the spinning      of the pulsar strips      that 
emit      that make production of        pairs that are trap-
ped in the cloud, further accelerated and later released 
at                           .

e±
e−

γ

!B

τ ∼ 0→ 105 yr

Predicted flux:                                           with              andΦe± ≈ E−p exp(E/Ec) p ≈ 2
Ec ∼ many TeV

Astrophysical explanation?
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But ATIC needs a different (and very powerful) source:

PAMELA

ATIC
HESS

(x 7!)

Geminga pulsar



Or perhaps it’s just a young, nearby pulsar...

Must be young (T < 105 yr) and nearby (< 1 kpc); 
if not: too much diffusion, low energy, too low flux.

‘Mechanism’: the spinning      of the pulsar strips      that 
emit      that make production of        pairs that are trap-
ped in the cloud, further accelerated and later released 
at                           .

e±
e−

γ

!B

τ ∼ 0→ 105 yr

Predicted flux:                                           with              andΦe± ≈ E−p exp(E/Ec) p ≈ 2
Ec ∼ many TeV

Open issue.

[back]e.g. Yuksel, Kistler, Stanev 0810.2784
Hall, Hooper 0811.3362

Astrophysical explanation?

Geminga pulsar

(look for anisotropies,
(both for single source and collection in disk) 
antiprotons, gammas... 

(Fermi is discovering a pulsar a week)

or shape of the spectrum...)
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Indirect Detection
Background estimation for positrons:

SNRs in the spiral arm as sources of 
electrons (not positrons), whose flux 
drops at 10 GeV for energy loss 
= PAMELA

additional more local SNRs inject 
further electrons at 100 GeV = ATIC

Tsvi Piran et al. 0902.0376



Indirect Detection
Background estimation for positrons:

SNRs in the spiral arm as sources of 
electrons (not positrons), whose flux 
drops at 10 GeV for energy loss 
= PAMELA

additional more local SNRs inject 
further electrons at 100 GeV = ATIC

Tsvi Piran et al. 0902.0376

But: preliminary PAMELA data on 
absolute e- flux show harder spectrum 
(E-3.33) than this prediction...; 
do nearby sources agree with B/C...?



- low energy and low flux

- maybe, constrained by gammas

Gamma Ray Bursts produce e+e-!

Astrophysical explanation?

[back]

see S.Profumo, 0812.4457

the electron spectrum has a steep deepening!

CR proton collisions on giant molecular clouds produce e+e-!

T.Delahaye et al., 09.2008
Casadei, Bindi 2004

- does not work at E > 30 GeV

- difficult to get PAMELA slope?
- does it explain ATIC or HESS?

Dogiel, Sharov 1990

Coutu et al (HEAT), 1990

decays of 56Co in SN produce e+!β+

...

Ioka 0812.4851

ICRC 1990

Tsvi Piran et al., 0902.0376
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Needs:

- TeV or multi-TeV masses

- no hadronic channels

- no helicity suppression

Challenges for the 
‘conventional’ DM candidates

SuSy DM KK DM

difficult ok

difficult difficult

no ok

for any Majorana DM, 
s-wave annihilation cross section

σann(DMD̄M→ ff̄) ∝
(

mf

MDM

)2



If one: - assumes non-thermal production of DM
- takes positron energy loss 5 times larger than usual
- takes “min” propagation only
- gives up ATIC
- neglects conflict with EGRET bound (4 times too many gammas)

then:

Results
Which DM spectra can fit the data?

Positrons: Anti-protons:

Ok, let’s insist  on Wino with: -mass 
                                              -annihilation DM DM→W+W−

MDM = 200GeV

G.Kane, A.Pierce, P.Grajek, D.Phalen, S.Watson 0812.4555



Good fit with: - boost
- propagation model 

Results
Which DM spectra can fit the data?

Positrons: Anti-protons:

Ok, let’s insist  on KK DM with: 
      -mass 

                             -annihilation

D.Hooper, K.Zurek 0902.0593

Electrons + Positrons:

MDM = 600− 800 GeV
DM DM→ l+l− (BR = 60%)
DM DM→ qq̄ (BR = 35%)

B = 1800

very large energy loss with very small L

[where are the secondaries?]



Data sets
Electrons + positrons from Fermi-LAT:
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ATIC

HESS

simulated 
Fermi-LAT

simulated 
Fermi-LAT

Fermi detects gammas by pair production: it’s inherently an e+e- detector


