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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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1) A digest of galactic cosmic ray physics

+L

0

(disque galactiquc)

L




Milky Way seen by a cosmic ray physicist
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D. Maurin, R. Taillet, F. Donato, P. Salati, A. Barrau and G. Boudoul, Galactic cosmic ray nuclei as a

tool for astroparticle physics, [astro-ph/0212111].



Cosmic-rays diffuse in space and energy

e A propagation model is characterized by the set 9, Kq, L, Vo, V,

Case|| 6 |Ko [kpc?/Myr]|L [kpc]|Ve [km/s] |V, [km/s]
max ([0.46 0.0765 15 5) 117.6
med [[0.70 0.0112 4 12 52.9
min (|0.85 0.0016 1 13.5 2241

e Different methods to solve the CR diffusion equation

The semi—analytic approach — radial Bessel expansion & Green functions

The numerical Galprop code — Crank—Nicholson semi—implicit scheme

e Constraints from the typical secondary to primary B/C ratio
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A Markov Chain Monte Carlo for Galactic Cosmic Ray physics

A. Putzel, L. Derome!, D. Maurin?, L. Perotto?, and R. Taillet®>
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2) Antiprotons — the revenge of orthodoxy

Space diffusion dominates in the master equation

Ved. U — KAV + 9 {VS(E)U — Kpp(E)op¥} = Q

Poisson equation K AV + ) = 0

|

. Q
L th G3P(r) =
ong range wi 5 (1) ypo

e Fvaporation at the vertical boundaries £ L

e [eakage at the radial boundaries R = 20 kpc
e vaporation from convective wind Vi

e Annihilations inside the MW gaseous disk

e Fmergy losses and mild diffusive reacceleration
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B/C measurements @ high E
A. Castellina & F. Donato, Astropart. Phys. 24 (2005) 146-159
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F. Donato et al. — arXiv:0810.5292 — soon in PRL
p/p fraction

F. Donato, D. Maurin, P. Brun, T. Delahaye & P. Salati (2008)
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F. Donato et al. — arXiv:0810.5292 — soon in PRL
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T. Bringmann and P. Salati, Galactic antiproton spectrum at high energies : background expectation
versus exotic contributions, Phys. Rev. D75 (2007) 083006 [astro-ph/0612514].
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Mostly sensitive to the local region

Energy losses dominate |
IC on stellar light and CMB - synchrotron
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The secondary e™ spectrum so far used has been computed in 1998

I. V. Moskalenko and A. W. Strong, Production and propagation of cosmic ray positrons and
electrons, Astrophys. J. 493 (1998) 694 [astro-ph/9710124].

E. A. Baltz and J. Edsjo, Positron propagation and fluxes from neutralino annihilation in the halo,
Phys. Rev. D59 (1999) 023511 [astro-ph/9808243].
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A consistent investigation is necessary !
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Figure 8. Total uncertainties of positron fluxes and spectra that correspond to
the parameters of the best B/C fit for DC model (solid lines around the best
fit curve, also solid), DR model (dashed lines around the best fit curve, also
dashed) and DRB model (dotted lines around the best fit curve, also dotted).
Experimental data are taken from [52]
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Positron source term

Delahaye T. et al. — arXiv:0809.5268

T. Delahaye et al. (2008)
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Cross sections

Delahaye T. et al. — arXiv:0809.5268

T. Delahaye et al. (2008)
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Proton & Helium fluxes

Delahaye T. et al. — arXiv:0809.5268
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Galactic CR propagation
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4) Discussion — DM or not DM 7

(i) Production inside local molecular clouds.
e The sun is located inside a H depleted local bubble.

e No B confinement above 10 GeV and no PF excess above 30 GeV.
(ii) Galactic and local pulsars — could work very well !

(iii) DM particles.
e The annihilation rate needs to be considerably boosted.
v Internal bremsstrahlung from charged external legs or virtual internal particles.
v' Sommerfeld effect — a non—perturbative enhancement of ¢,,, at low velocity.
v" Non-thermal relic (gravitino decay) or modified thermal decoupling (quintessence).

v’ Substructures are characterized by (p?) > (p)*.

But BMﬂky Way < 10

v' A single nearby clump — how probable is it 7

e Other signals should not be overproduced — the example of antiprotons.
v' Quark channels are suppressed — purely leptophilic DM candidate — UED — ad hoc models.
v Very heavy DM particle — should lead to a large &5 at high E.

v" Antiproton depletion wrt positrons — By way different — CR propagation.
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Galactic and local pulsars
S. Profumo, arXiv:0812.4457

D. Hooper, P. Blasi & P. D. Serpico, arXiv:0810.1527
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FIG. 1: The spectrum of cosmic ray positrons (left) and the positron fraction (right) resulting from the sum of all pulsars
throughout the Milky Way. Also shown as a dashed line is the prediction for secondary positrons (and primary and secondary
electrons in the right frames) as calculated in Ref. [27]. In the right frames, the measurements of HEAT [3] (light green and
magenta) and measurements of PAMELA [2] (dark red) are also shown. We have used the injected spectrum reported in
Eq. (7). In the lower frames, the upper (lower) dotted line represents the case in which the injection rate within 500 parsecs of
the Solar System is doubled (neglected), providing an estimate the variance resulting from the small number of nearby pulsars
contributing to the spectrum.



D. Hooper, P. Blasi & P. D. Serpico, arXiv:0810.1527
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PAMELA [2] (dark red) are also shown. Here we have used an injected spectrum such that dN./dFE. x E~% exp(—FE./600 GeV),
with @ = 1.5 and 2.2. The solid lines correspond to an energy in pairs given by 3.5 x 10*7 erg, while the dotted lines require
an output of 3 x 10*® erg.
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DM particles

The annihilation rate needs to be considerably boosted
L. Roszkowski, R. Ruiz de Austri, J. Silk & R. Trotta, arXiv:0707.0622

Roszkowski, Ruiz, Silk & Trotta (2008)
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Figure 3: Predicted positron flux fraction in the CMSSM. The 68% (dark/red) and 95%
(light /yellow) regions are for an NF'W profile with a boost factor BF=1 and a specific choice of
propagation model. We also show for comparison some of the current data. To illustrate the depen-
dency of the spectral shape at low energies on the halo model, we plot the spectrum for the same
choice of CMSSM parameters (with m, = 229 GeV) for three different halo models as indicated.
In absence of a large boost factor, the signal appears too small to be detected by PAMELA.



Ratio of positron flux at 0.9*mx with/without 1B

New Positron Spectral Features from Supersymmetric Dark Matter
- a Way to Explain the PAMELA Data?

Lars Bergstrom,” Torsten Bringmann,’ and Joakim Edsjo*
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Sommerfeld effect — a non—perturbative enhancement of o,,, at low velocity
J. Hisano, S. Matsumoto and M. M. Nojir1
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FIG. 3: The annihilation diagrams xx — ¢¢ both with (a) and without (b) the Sommerfeld enhancements.
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Full Calculation of Clumpiness Boost factors for Antimatter
Cosmic Rays in the light of ACDM N-body simulation results

Abandoning hope in clumpiness enhancement?

J. Lavalle’, Q. Yuan?, D. Maurin®, and X.-J. Bi?
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Fig. 1. The mass fraction fa; of DM in clumps is set once My Fig. 1. The dependence of ¢,,;,- on the halo mass M, at z =

and oy, are chosen. This fraction can be directly read off the 0, as in the Bullock et al. toy model (solid line) and in the
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0.7, h = 0.7 and og = 1 is assumed here.
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The PAMELA and ATIC Excesses From a Nearby Clump of Neutralino Dark Matter
Dan Hooper!?, Albert Stebbins!, and Kathryn M. Zurek!
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How probable is that 7
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Recipe for a statistical analysis

e Without clumps — with the smooth DM distribution p,

e With clumps — with the DM distribution p = p, + dp

¢ ={d = dsf + {@Z%}

vi = S x G(x;) X {fz = A = ] _(5p2(x) d3x}

2
th clump Po

random behaviour | S

Boost factor B = 2

o



Recipe for a statistical analysis

(i) The actual distribution of DM substructures is one particular realization
€ statistical ensemble of all the possible random distributions.

(¢r) and o7 = (¢7) — (on)°
Beg = (B =¢/¢s) and op=0,/0s

(ii) Clumps are distributed independently of each other. There-
fore, we just need to determine how a single clump is distributed inside
the galactic halo in order to derive the statistical properties of an entire

constellation of Ny such substructures.

(¢r) = Nu (p) and o2 = Ngo? = Ny {{p?) — (¢)?}



(iii) The set of the random distributions of one single clump inside the
domain Dy forms the statistical ensemble 7 which we need to consider.
An event from that ensemble consists in a clump characterized by the anni-
hilation volume & up to d€ and located at position x within the elementary

volume d?x.

P (o) dp = dP = / p(x,€) d®xdE

@

(F) = /'ﬂs:)ms) dp = D Flo (6} px6) dxde
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(iv) This naturally leads to the effective boost factor

Beﬁz{%:1}+ <Z:> =1+NH<§TG>

and to the boost variance

OB Ur/gbs Or

)

Bt 1+ () /ds (o)

where

<f>2 N {gé’? ) 1}



Effective boost factor B, and its 1-o¢ range

J. Lavalle, J. Pochon, P. Salati & R. Taillet (2006)
34‘ | T T T T T T T T I T T T T T T T ]

s2E NFW DM Halo — p « 1/r
30 F a = 29 kpc

scale

28
26 [ Clump Fraction f = 0.2
24 B, = 100

1 10 100

Vs increases as £ decreases




arXiv:0809.2409v1 [hep-ph] 15 Sep 2008

Other signals 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~

L s 1 s e 1 s 10— 1 B S L e LA AL
30% C ATIC-2 ] 10~
| PAMELA 08 il I PPB—BETS08 ]
I preliminary FEC 1 r
+ i + L B
10% g~ o ; i | i
(5]
g o . 103
g § E
8 H o N r
T 3%t é 1072¢ =
g 9
= & 10
1% =
background?
03% s+ 1 e L 1073 L 0w i 1090 vvvn v v e e
1 10 10? 103 10* 10 10? 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~
T 10— 2
0% AMELA 08 £ ATIC-2 10
L [ PPB-BETS08
I preliminary FEC
4 4 r
10% g+ .
g S 107
=]
£ g
E " % PAMELA 08
S 3% 5 102 =
o — ®
‘L:‘ +
Z ¥
& ‘3 10
1% ¢ ] =
i \E background?
03% s i i i 1073 T S T TR S 1073 TR S R A R
1 10 102 10° 10* 10 107 10° 10* 1 10 10% 10° 10*

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



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

F'. Donato, D. Maurin, P. Brun, T. Delahaye & P. Salati, ar Xiv:0810.5292
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FIG. 2: Upper limits on the enhancement factor to the pri-
mary p flux as a function of the WIMP mass, derived from
a comparison with PAMELA high energy data. Each curve
is labelled according to the corresponding PAMELA cnergy
bin.



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

F. Donato, D. Maurin, P. Brun, T. Delahaye & P. Salati, arXiv:0810.5292

F. Donato, O Maurin, P. Brun, T. Delaheye & P. Salali (2008)
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F. Donato et al. — arXiv:0810.5292 — soon in PRL

F. Donato, D. Maurin, P. Brun, T. Delahaye & P. Salati (2008)

10_25 T T T T TTTT T T T IIITII T T T TTIII[ T T ITIIITI T E

: 1 TeV WIMP ]

|| BRESS 90 i1sothermal halo profile -

{g-s | ™ BESS 02 ¢ MAX |

" m BESS Polar / B=400 ]

B / vd }

| @ PAMELA 2008 V7 5 e itdh _

rge®

o 1074 | '; ~$ MIN —
e - [ R .
..61 - = ._‘;1"-" -
© [ 7/ ]
- i E.- T
& i ’ SECONDARY SPECTRUM ]
2 1075 |- + _ 7" PROPAGATION UNCERTAINTY BAND :
o ‘ sy " ]

B /‘;f N

B 7~ % i

% i

‘ X X—=>W+W- ‘

10 F E

- Modulation with ¢, = 500 MV §

i Scan with B/C compatible data i

10—7 | 1 \IIIIII 1 | IIII\II 1 | I\\III‘ | 1 IIIII\| 1

0.1 1 10 100 1000

TI4  [GeV]



Other signals should not be overproduced

Very heavy DM particle — should lead to a large ®; at high F

g M. Cirelli’, M. Kadastik’, M. Raidal’, A. Strumia®
Q DM with M = 1 TeV that annihilates into u* u~
m 09, [T T T IOJZATIICI—Z‘HH” T T 10~2 T T TTIIT T
| PAMELA 08 i [ PPB-BETS08 ] F ]
ln I preliminary FEC b r 1
Yo bt | ol | i L |
10% #*!f : > .
£ Coag ] © 1073 g
P & i ] 3 E E
= g 5 1 § 1
~ = I PAMELA 08 :
ey T 3ur 1 8w S . ]
8 o L il
! 8 i 1 3
o = = 107 :
D 1% 1 S : E
‘Q E \E [ background? ]
03% L v i e i 10°3 L Lol L 1073 LT T T YRR, |
— 1 10 102 10° 10* 10 102 10 10* 1 10 10% 10° 10*
> Positron energy in GeV Energy in GeV P kinetic energy in GeV
OI DM with M = 10 TeV that annihilates into W W~
( ]. 309, [T T T T T 10*1:AT.IC._2‘M..‘ ERREREEE R el AL e R A B A T
(@) | PAMELA 08 i [ PPB—BETS08 ] F ]
O . preliminary FEC R r 1
oo G 7 ] i 1
3 > P i
- g S 1 107 E
* o a B § C J
< - L) r |
> < E 2 « [ PAMELAOS 1
4 10 r ~ L 4
o v g = F 0 ® |
= . 3
>< £ 'y 1074 £ |
E 1%L 4 & F 1
03% k0 v e 1073 T Lo L 107 e v vl e d
1 10 10° 10° 10* 10 10 10? 10* 1 10 10% 10} 10*

Positron energy in GeV Energy in GeV P kinetic energy in GeV



Distinguishing Between Dark Matter and Pulsar Origins of the ATIC Electron
Spectrum With Atmospheric Cherenkov Telescopes

Jeter Hall''* and Dan Hooper? 3:f
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FIG. 1: The cosmic ray electron spectrum as measured by
ATIC [1] compared to the spectrum predicted from three pos-
sible sources: a nearby pulsar (red), annihilation of 800 GeV
dark matter annihilating to WTW ™~ (blue), and annihilation
of 620 GeV Kaluza-Klein dark matter (which annihilates to
ete”, utu, and 7777 20% of the time each). In ecach case,
the source spectrum was added to a background power-law
spectrum with a spectral slope of -3.2 (dashed).
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4) Discussion — DM or not DM 7

(i) Production inside local molecular clouds.
e The sun is located inside a H depleted local bubble.

e No B confinement above 10 GeV and no PF excess above 30 GeV.
(ii) Galactic and local pulsars — could work very well !

(iii) DM particles.
e The annihilation rate needs to be considerably boosted.
v Internal bremsstrahlung from charged external legs or virtual internal particles.
v' Sommerfeld effect — a non—perturbative enhancement of ¢,,, at low velocity.
v" Non-thermal relic (gravitino decay) or modified thermal decoupling (quintessence).

v’ Substructures are characterized by (p?) > (p)*.

But BMﬂky Way < 10

v' A single nearby clump — how probable is it 7

e Other signals should not be overproduced — the example of antiprotons.
v' Quark channels are suppressed — purely leptophilic DM candidate — UED — ad hoc models.
v Very heavy DM particle — should lead to a large &5 at high E.

v" Antiproton depletion wrt positrons — By way different — CR propagation.






F. Casse, M. Lemoine & G. Pelletier, PRD D65 (2002) 023002

i
(2m)?

Magnetic turbulence dB(x) = / e~ > §B(k) whose power

spectrum is defined by
(B(k)SBI(K)) = (27)* 3(k — K) Salk)
and follows between k£, and k.« the power law
Saa(k) ox k=@

The level of turbulence wrt to the homogeneous field By is defined by

 (6B?)
T Bl (0BY)
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The secondary e™ spectrum so far used has been computed in 1998

I. V. Moskalenko and A. W. Strong, Production and propagation of cosmic ray positrons and

electrons, Astrophys. J. 493 (1998) 694 [astro-ph/9710124].
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The secondary e™ spectrum so far used has been computed in 1998

I. V. Moskalenko and A. W. Strong, Production and propagation of cosmic ray positrons and
electrons, Astrophys. J. 493 (1998) 694 [astro-ph/9710124].
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The secondary e™ spectrum so far used has been computed in 1998

T. Delahaye, R. Lineros, F. Donato, N. Fornengo & P. Salati Phys. Rev. D77 (2008) 063527
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HESS measurement of the high-energy e* spectrum
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