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the facts: cosmic-ray e�

positron fraction
e+=(e+ + e�)

electron+positron flux
e+ + e�



interpreting pamela e+=(e+ + e�)

spectacular rise in e+=(e+ + e�)

hint for nearby source of high-energy e�

pulsars [Hooper et al ’08, ...]
annihilations/decays of DM [everybody!]
secondary injection at CR sources [Blasi & Serpico ’09]

open questions
is the DM annihilation hypothesis feasible?

can we distinguish the DM and pulsar hypotheses?
[MP, Lattanzi & Bertone, JCAP 1012:020 2010]

disclaimer: the CR-induced background is
rather uncertain (injection+propagation parameters unknown)
not fully understood yet (e.g. p, He hardenings at �TeV)



indirect dark matter detection
driving idea: detect subproducts of annihilation/decay of DM
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step 1. particle physics
step 2. astrophysics
step 3. propagation until the Earth
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dark matter parameters: h�annvi, m�, # annihilation



indirect dark matter detection
step 2. astrophysics: modelling galactic dark matter

rely on simulations of Milky Way-like halos: Via Lactea II & Aquarius

Via Lactea II
[Diemand et al. 2008]

�sm � NFW

�cl � NFW

dN=dM /M�2

Aquarius
[Springel et al. 2008]

�sm � Einasto

�cl � Einasto

dN=dM /M�1:9

many clumps + significant mass in clumps
d2Nsh
dMdV = Ncl

dPM
dM

dPV
dV



indirect dark matter detection
step 3. propagation until the Earth

L

DM annihilation

dark halo

Sun

electrons/positrons:
�De+(Ee+)r

2ne+ �
@

@Ee+
(b(Ee+)ne+) = Qe+(x;Ee+)

.. use semi-analytical methods to compute DM-induced e�

L [kpc] D0 [cm2/s] �
model 1 4 3:6� 1028 0.33

(tuned to match Fermi-LAT)

bottomline: DM can produce significant e� but uncertainties are
crucial



indirect dark matter detection



pulsar phenomenology
pulsars are highly magnetised, rotating neutron stars

spin-down due to magnetic braking (among others)


(t) = 
0

�
1+ t

�0

��1=2
tch = �
=(2 _
)

e� output of mature pulsars (i.e. t � �0)

Ee�(tch) ' �e� j _E j
t2ch
�0

Qe�(E) = Q0
e�(E=GeV)��exp(�E=Ecut )

propagation until the Earth

ne�(d ;E ; tch) =
Qe� (E 0)b(E 0)

b(E)�3=2r3
dif (E ;tch)

exp
�
� d2

r2
dif (E ;tch)

�

pulsar parameters

spin-down luminosity j _E j
distance d
age tch



pulsar phenomenology

PSR2 PSR1

PSR3

secondaries
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distinguishing dm and pulsars with ams-02
motivation: AMS-02 is at the ISS!



distinguishing dm and pulsars with ams-02

key question
can we distinguish DM and pulsars with future e� data?

[MP, Lattanzi & Bertone, JCAP 1012:020 2010]

AMS-02 has good capabilities to measure GeV-TeV e�

E = 1� 800 GeV �t = 18 yr (!)

�E
E =

q
(0:106=

p
E=GeV)2 + (0:0125)2

Ae� = Ae+ = 0:045 cm2sr

e� : p = 3� 105

e+ : p = 3� 105 e+ : e� = 104



distinguishing dm and pulsars with ams-02
[MP, Lattanzi & Bertone, JCAP 1012:020 2010]

1. assume DM benchmark DM DM ! e+ e�

2. generate AMS-02 mock e� data

3. fit pulsar parameters

4. redo inversely: assume pulsars and fit DM



distinguishing dm and pulsars with ams-02
[MP, Lattanzi & Bertone, JCAP 1012:020 2010]

1. assume DM benchmark DM DM ! e+ e�

2. generate AMS-02 mock e� data

3. fit pulsar parameters

4. redo inversely: assume pulsars and fit DM
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á HEAT 94-95

ò HEAT 2000

ç AMS-01

æ PAMELA
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distinguishing dm and pulsars with ams-02
[MP, Lattanzi & Bertone, JCAP 1012:020 2010]

1. assume DM benchmark DM DM ! e+ e�

2. generate AMS-02 mock e� data

3. fit pulsar parameters

4. redo inversely: assume pulsars and fit DM
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distinguishing dm and pulsars with ams-02
[MP, Lattanzi & Bertone, JCAP 1012:020 2010]

1. assume DM benchmark DM DM ! e+ e�

2. generate AMS-02 mock e� data

3. fit pulsar parameters

4. redo inversely: assume pulsars and fit DM
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distinguishing dm and pulsars with ams-02
[MP, Lattanzi & Bertone, JCAP 1012:020 2010]

1. assume DM benchmark DM DM ! e+ e�

2. generate AMS-02 mock e� data

3. fit pulsar parameters

4. redo inversely: assume pulsars and fit DM

bottomline:
.. no known pulsar within contours (but catalog is incomplete)
.. many known pulsars contributing >50% (but �e� high)

if sharp cutoff is seen by AMS-02, pulsar spectra cannot be discarded



distinguishing dm and pulsars with ams-02
[MP, Lattanzi & Bertone, JCAP 1012:020 2010]

1. assume DM benchmark DM DM ! e+ e�

2. generate AMS-02 mock e� data

3. fit pulsar parameters

4. redo inversely: assume pulsars and fit DM
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distinguishing dm and pulsars with ams-02
[MP, Lattanzi & Bertone, JCAP 1012:020 2010]

1. assume DM benchmark DM DM ! e+ e�

2. generate AMS-02 mock e� data

3. fit pulsar parameters

4. redo inversely: assume pulsars and fit DM
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distinguishing dm and pulsars with ams-02
[MP, Lattanzi & Bertone, JCAP 1012:020 2010]

1. assume DM benchmark DM DM ! e+ e�

2. generate AMS-02 mock e� data

3. fit pulsar parameters

4. redo inversely: assume pulsars and fit DM

bottomline
challenging to distinguish DM/pulsar hypotheses
precise e� is not enough to settle this issue
complementary data or better understanding of sources needed





distinguishing dm and pulsars with ams-02
[MP, Lattanzi & Bertone, JCAP 1012:020 2010]

1. assume DM benchmark DM DM ! e+ e�

2. generate AMS-02 mock e� data

3. fit pulsar parameters

4. redo inversely: assume pulsars and fit DM
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distinguishing dm and pulsars with ams-02
[MP, Lattanzi & Bertone, JCAP 1012:020 2010]

1. assume DM benchmark DM DM ! e+ e�

2. generate AMS-02 mock e� data

3. fit pulsar parameters

4. redo inversely: assume pulsars and fit DM
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