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Outline
1) Evidence for primary cosmic ray positrons
2) DM species with quite special properties
3) The effect of clumpiness on DM annihilation
4) Decaying dark matter

5) Perspectives more than conclusions
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1) Evidence for primary cosmic ray positrons
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Indirect signatures of DM species
Weakly Interacting Massive particles — WIMPs — may be the major
component of the haloes of galaxies. Their mutual annihilations
would produce an indirect signature of high energy cosmic rays :
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Antimatter is already manufactured inside the galactic disk



PAMELA positron excess
May be the first indirect hint that DM species annihilate in the MW,

2

Lo = (ov) X PX feeds to be enhanced

2
mX

(ov) =3 x 107 cm? 571, po, =03 GeVem > & m, =1 TeV = 'y X 107

2) DM species with quite special properties
e Large (ov) but different thermal decoupling (quintessence).
e Large (ov) but non-thermal decoupling (gravitino decay).

e Sommerfeld effect : a non—perturbative enhancement of (ov) at low velocity.



Sommerfeld effect — a non—perturbative enhancement of o,,, at low velocity
J. Hisano, S. Matsumoto and M. M. Nojir1
M. Pospelov & A. Ritz, Phys. Lett. B671 (2009) 391
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PAMELA positron excess
May be the first indirect hint that DM species annihilate in the MW,

2

Lo = (ov) X PX feeds to be enhanced

2
mX

(ov) =3 x 107 cm? 571, po, =03 GeVem > & m, =1 TeV = 'y X 107

2) DM species with quite special properties
e Large (ov) but different thermal decoupling (quintessence).
e Large (ov) but non-thermal decoupling (gravitino decay).

e Sommerfeld effect : a non—perturbative enhancement of (ov) at low velocity.

Beware of the other messengers !

e Antiprotons are not produced = leptophilic WIMP.
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M. Cirelli et al., Nucl. Phys. B 813 (2009) 1

Antiprotons should not be overproduced
Quark channels are suppressed — purely leptophilic DM candidate
M. Cirelli’, M. Kadastik’, M. Raidal’, A. Strumia®

DM with M = 150 GeV that annihilates into WW~

107!

30%] T T T T T T T T T T E T T T T T 5| 10_29 T T T T T T T T T T
F ATIC-2 1 E
| PAMELA 08 | I PPB—BETS08 ] r
I preliminary HEG 1 r
"4 + = 4 i
10% g™ 1 - % R
(3]
=) o T — 10_3 o
= 3 L g
g8 H ~ ? | N r
T 3% S 102} ! IS
2 = E ‘
.E :_a
£ 'y 107 &
1% B F
03% b i 0 ‘ L A 1073 I 107 U RTITTL A L1
1 10 102 103 10* 10 107 103 10* 1 10 10? 10° 10*
Positron energy in GeV Energy in GeV 7 kinetic energy in GeV
DM with M = 1 TeV that annihilates into u*u~
-1
300, [T T T 10 :AT\ICLZ\HW A RRAR Ty 1072
| PAMELA 08 [ PPB—BETS08 ] B
preliminary ~EEG = r
10% = i 1 r
=] o Td o 1073
8 3 e E
|31 ) 2 o E
S 4 o
N PAMELA 08
S 3%l .S 1072 =
o o~ E ®
‘L:l +
'z ¥
& / ® 107 F
1%;bac17{n a? . = F
_/ . \E background?
03% s+ v i i 0 1073 L . 107 & L im0 nud
1 10 10% 10° 10* 10 10? 10° 10* 1 10 10% 10° 10*

Positron energy in GeV Energy in GeV 7 kinetic energy in GeV



F. Donato et al. — arXiv:0810.5292 — PRL 102 (2009) 071301

Constraints on WIMP Dark Matter from the High Energy PAMELA p/p data

F. Donato, O, Maurin, P. Brun, T. Delehaye & P. Salali {ZDDE}
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FIG. 3: The fiducial case of a 1 TeV LSP annihilating into a W W ™ pair is featured. In the left panel, the positron signal
which this DM species yields has been increased by a factor of 400, hence the solid curve and a marginal agreement with the
PAMELA data. Positron fraction data are from HEAT [18], AMS-01 [5, 22] and PAMELA [2]. If the so—called Sommerfeld
effect [7] is invoked to explain such a large enhancement of the annihilation cross section, the same boost applies to antiprotons
and leads to an unacceptable distortion of their spectrum as indicated by the red solid line of the right panel.
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2) DM species with quite special properties
e Large (ov) but different thermal decoupling (quintessence).
e Large (ov) but non-thermal decoupling (gravitino decay).

e Sommerfeld effect : a non—perturbative enhancement of (ov) at low velocity.

Beware of the other messengers !

e Antiprotons are not produced = leptophilic WIMP.
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e Even though, strong constraints from the other messengers :

v Synchrotron radio emission from e* spiraling in B.
v Inverse Compton Scattering on CMB and stellar light.

v Final State Radiation ~-rays in the absence of quarks.

Yx =Ty or o—1Tly



E. Borriello, A. Cuoco & G. Miele, arXiv:09

03.1852

SECONDARY RADIATION FROM THE PAMELA /ATIC EXCESS AND RELEVANCE FOR FERMI
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FIG. 5: CMB power spectra for three different DM annihilation models, with power injection normalized to that of a 1 GeV
WIMP with thermal relic cross section and f = 1, compared to a baseline model with no DM annihilation. The models give
similar results for the T'T (left), TE (middle), and EE (right) power spectra. This suggests that the CMB is sensitive to only
one parameter, the average power injected around recombination. All curves employ the WMAP5 fiducial cosmology: the
effects of DM annihilation can be compensated to a large degree by adjusting ns and os [4].



PAMELA positron excess
May be the first indirect hint that DM species annihilate in the MW,

2
Lamm = (o0) X p—é needs to be enhanced
m
X

3) The effect of clumpiness on DM annihilation

DM substructures have (p?) > (p)?.

e A statistical analysis is necessary to compute the signal enhancement.

BMﬂky Way S 20 in ACDM

e A single nearby clump — how probable is it ?
e A single nearby clump — what about the other messengers 7

e Are minispikes about IMBHs a myth 7



f Boost factors : a hazardous kind of magic
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The cosmic ray lepton puzzle in the light of cosmological N-body simulations

P. Brun, T. Delahaye, J. Diemand, S. Profumo & P. Salati, arXiv:0904.0812
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T. Bringmann, J. Lavalle & P. Salati, arXiv:0902.3665
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TABLE I: Best fit values of the (D; L) couple in units of (kpc; M3 pc™?) for various DM particle masses and annihilation

channels.



Clump description Values

Full Calculati dPv (r)/dV Cored” or NFW r Antimatter
. . Inner profile NEFW= or Moore .
Cosmic Rays i i 18— 1.9" — 2.0] alation results
Mmin [107°% * —1 - 10°] Mg
Ab' Cyir — Myir BOLL or ENSO1 1t?

i Reference configuration.
Table 2. Description of the various configurations used in
the paper for the sub-halo parameters.
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Fig. 1. The mass fraction fas of DM in clumps is set once My Fig. 1. The dependence of ¢,;, on the halo mass M, at z =

and auy, are chosen. This fraction can be directly read off the 0, as in the Bullock et al. toy model (solid line) and in the
graph for various e, (from 2.1 down to 1.7—top to bottom ; \

curves) and various M, (from 10°Me down to 107 °Me, x- ENS toy mOdE_"l (dashed line): p _redl_CtlonS are compared to

axis). a few sets of simulation results in different mass ranges. A
flat, vacuum-dominated cosmology with Q3 = 0.3, 2, =
0.7, h = 0.7 and og = 1 is assumed here.



Bwilky way

Max, Ref and Min boost configurations

=== Min: cored, inner NFW, Moo= 10° 0= 1.8
Ref: cored, inner NFW, Mmln = 10'6,a =1.9

w Max: NFW, inner Moore, M = 1050 =2

—e— smooth flux (med)

10 10”

E [GeV]

[GeV'cm2sris for p

tot
¢su b

Max, Ref and Min boost configurations

5 Min: cored, inner NFW, M= 10%0=1.8
B Ref: cored, inner NFW, M= 10% 0=1.9
————————————— Max: NFW, inner Moore, M_ = 10'6, o=2

min

—<— smooth flux (med)

T [GeV]

B forp

< 20 in ACDM

Max, Ref and Min boost configurations

- Min: cored, inner NFW, Mmi" = 106,oc =1.8

- Ref: cored, inner NFW, M_ = 10'6,u =19

min

-------------- Max: NFW, inner Moore, M = 10%, 0 =2

E [GeV]

Max, Ref and Min boost configurations
Min: cored, inner NFW, Mmin = 106, o=18

- Ref: cored, inner NFW, M, = 10% a=1.9

rrrrrrrrrrrr Max: NFW, inner Moore, Mmin = 10'6, =2

LoLLrll
1 10 10°

T [GeV]

Fig. 6. Extreme cases for the DM configurations: sub-halo antimatter fluzes associated with the mazimal, reference and minimal
DM configurations (medium set of propagation parameters). Left/right: fluzes/boosts and corresponding 1 —o contours. Top/bottom:
positrons/anti-protons. See details in the text.



Dark matter mini—spikes around IMBHs

G. Bertone, A.R. Zentner & J. Silk, PRD 72 (2005) 103517

When the first DM halos form, gas cools and collapses as pressure supported disks

A baryonic mass of ~ 10° Mg, looses its angular momentum
It is transferred at the center to form an Intermediate Mass Black Hole

During the process, DM is adiabatically compressed onto this central object



Adiabatic DM compression around the IMBH
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gamma ray flux at the Earth from a single mini—spike
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DM mini-spike around an IMBH
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FIG. 2: The solid lines give the EGRET constraints on the DM annihilation rate I' = %O"U (po/mx)2§ of a nearby, generic
DM point-source at a distance d from the Earth; from left to right, we show the case of KK DM and a fiducial DM candidate
annihilating to ete” and p+,u*, respectively. The dashed lines show the I' needed to fit the PAMELA data, for sets of
propagation parameters as defined in [23]; in the dark shaded area this would produce an et flux in conflict with the Fermi

—3.—1

data at higher energies. For comparison, the dotted line indicates I" for the whole Milky Way, assuming (ov) ~ 3-10~%%cm s



PAMELA positron excess
May be the first indirect hint that DM species annihilate in the MW.

2

[amn = (ov) X p—é needs to be enhanced
m
X

3) The effect of clumpiness on DM annihilation

DM substructures have (p?) > {p)2.

e A statistical analysis is necessary to compute the signal enhancement.

BMﬂky Way § 20 in ACDM

e A single nearby ACDM clump is very improbable.
e Moreover, EGRET constrains the WIMP to be leptophilic.

e If so, IMBH could be a solution although future strong limits from FERMI.



PAMELA positron excess

May also be an indication that DM species decay in the MW.

2
P Px
Fann — <O-U> >< _>; é Fann — Fdec >< -
m; My

(ov) =3 x 10 em? s p, = 0.3 GeV em ™ & m, =1 TeV

4

e ~ 10720 571

4) Decaying dark matter

e Decaying DM species still pass the astrophysical tests since Iy, o p,y.
e The lifetime needs to be fine—tuned though.
e Why is it so large — dimension 5 or 6 operators 7

e FERMI should be able to detect the ICS WIMP signal.
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5) Perspectives more than conclusions

No coherent picture yet !

e Leptophilic vs CR propagation : are normal WIMPs really excluded ?
e DM clumpiness alleviates the tension from GC constraints.

e Sommerfeld effect combined with DM clumps & CR propagation.

e WIMP decay is OK although fine-tuned.

4

FERMI will soon explore these possibilities

i

Astrophysical explanations of the e™ excess

e Local pulsars with an injection spectral index of 1.5 7

e Spallation & reacceleration in SN shock waves ?



Courtesy of Anatoly Spitkovsky — Princeton
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*but pulsars are not in vacuum!

*Equator-pole al difference
(10"5V for Crab)

*Charge extraction from the
surface (E field >> gravity)

*Currents, strong magnetization
*Corotating zone; Light cylinder
Throwing away toroidal field -
energy loss (Paynting flux)

ePlasma currents modify field.
How can we model this?
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The origin of the positron excess in cosmic rays

Pasquale Blasi

Acceleration and spallation in SN shock waves
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Galactic CR propagation
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