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Abstract: The particle physics community is bubbling with excitement since the recent discovery in the cosmic radiation of a positron and el
excess at high energy. This may be the first indirect hint that dark matter particles wander in the halo of the Milky Way. However, these spe

not seem to have the expected properties. | will review the various pieces of that puzzle and present a status report of the current develop
that fast moving field.
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Indirect signatures of DM species

Weakly Interacting Massive particles — WINPs — 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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Veo. ¥ — KAV + f)g{bl”"‘“‘(E}lIl — Kpp(E)OgP} = Q
Poisson equation K AV + Q = (0

4

Long range with G%D(’r‘) =

Q
dnKr

e Evaporation at the vertical boundaries =L
e Leakage at the radial boundaries R = 20 kpe
e Evaporation from convective wind 4

e Annihilations inside the MW gaseous disk
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Je it IS 5268
T. Delahaye et al. (2008)
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«but pulsars are not in vacuum!

«Equator-pole gotsnﬁaf difference
(10"5V for Crab)

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

«Currents, strong magnetization
«Corotating zone; Light cylinder

» Throwing away toridal field —
energy loss (Poynting flux)
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PAMELA positron excess

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

s IS | =
Fann = (ov) X — needs to be enhanced
m
X
2) Boosting the annihilation cross section
e [nternal bremsstrahlung from charged external lees or virtual internal particles.
e Summerfeld effect — a non—perturbative enhancement of 7., at low velocity.

. -".‘:i-l.'.{hft‘-' or strongly modified thermal {ir«*r”{u;[i“g '[”_lj[;nu._....r“(,; b

XX—7P¢ & o— Ul

Aceelerator constraints soon 7
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DM particles

The annihilation rate needs to be considerablyv boosted
L. Roszleowskl. B Buie de Austr, J. SHE & R, Toottn, arXiv-07097 06822

Foszkowski, Ruz Sik & ot (2008)

0.1 1 10 100 400
E,. (GeV)

Figure 3: Predicted positron flux fraction in the CMSSM. The 68% (dark/red) and 95%
(light / yellow) regioms are for an NFW profile with a boest factor BF=1 and a specific choice of
propagation model. We also show for comparison some of the current data. To illustrate the depen-
oirea: ososcocdERCY 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.
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PAMELA positron excess

Mayv be the first indireet hint that DM species annihilate in the NIW.

Fun = (o) X —5 needs to be enhanced
my
g
2) Boosting the annihilation cross section

e Internal bremsstrahlung from charsed external legs or virtual internal particles.

o Sommetfeld effect - a non—perturbative enhancement of a,,, at low veloecity.

LR

o Slightly or stronglv meodified thermal decoupling (quintessence).

xXYy—00 & o—=10U1T

Accelerator constraints soon 7
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DM particles

annihilation rate needs to be considerably boosted
L. Roszlwsiki RO R

The

et Ansor are b

8 B Trootrp arXiv-0707.0622

Soszeowskl, Rz Sik & lrotts (2008)
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Figure 3 Predicted positron fux fraction in the CMSSM. The 68% (dark/ved) and 95%
(light / veliow) regioms are for an NFW profile with a boest factor BF=1 and a sperific choice of
propagation model. We also show for comparison soane of the current data. To illustrate the depen-
e gzk‘nr}' of the spectral shape at low epergies 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.
- }
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PAMELA positron excess
May be the first indirect hint that DM species annihilate in the MW,

¥

e

3
g™

Fann = {ov) X needs to be enhanced
2) Boosting the annihilation cross section
e Internal bremsstrahlung from charged external lees or virtual internal particles.

o Sommerfeld eftect — a non—perturbative enhancement of a,,, at low velocity.

|13 &

e Slightly or strongly modified thermal decoupling (guintessence).

XXxX—=060 & o—=10U1T

Aevelerator constraints soon ?
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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 eflect - a non perturbative enhancement of 7,,, at low veloeity
J. Hisano. S. Matsumoto and M. M. Nojn
M. Pospelov & A. Ritz. Phys. Lett. B871 (2000) 391

N. Arkani Hamed. D. P. Finkbeiner. T. R. Slatyver & N. Weiner. Phyvs. Rev. DT9 (2009) 015014
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DM particles
The annihilation rate needs to be considerably boosted

L. Resebowsia. R, Rais de Agstn Stk L R Trott arXavAOTO7.06822

Fosrmowski, Rz Sk & Toas (2008)
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Figure 3: Predicted positron flux fraction m the CMSSM. The 689% (dark/red) and 95%
(light / vellow) regions are for am NFW profile with a boest factor BF=1 and a specific choice of
propagation model. We also show for comparison soane of the enrrent data. To illustrate the depen-
oirea: ososcocdETCY of the spectral shape at low energies on the halo model, we plot the spectrum for the same
= choice of CMISSM parameters (with m, = 229 GeV) for three different halo models as indicated.
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PAMELA positron excess
May be the first indireet hint that DM species annihilate in the MW,

-[}
_ Py :
Famn = (ov) x —"2 needs to be enhanced
m
-
2) Boosting the annihilation cross section
e [nternal bremsstrahlung from charsed external legs or virtual internal particles.

- low veloeity

e Sommerfeld effect — a non—perturbative enhancement of o,

e Slightlv or strongly modified thermal decoupling (quintessence).

xXx—00 & o—-UT

Accelerator constraints soon 7
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Other signals should not be overproduced
Quark channels are suppressed — purelyv leptophilic DM candidate

DM with M = 150 GeV that anmshilases imto W7 W
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Constraints on WIMP Dark Matter from the High Energy PAMELA p/ p data

F. Donato. D. Maurin. P. Brun. T. Delahave & 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 WINIP mass, derived from
a comparison with PAMELA high energy data. Each curve
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Constraints on WIMP Dark Matter from the High Energy PAMELA 5/ p data

F. Donato et al. — arXiv:0810.5292 - PRL 102 (2009) 071301
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FIG. 3: The fiducial case of a 1 TeV LSP annihilating into a W™ W~ pair is featured. hthmp&thmw
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 appilies 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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Constraints from v rayvs and radio
Lars Bergstrom®. Gianfranco Bertone”. Torsten Bringmann®, Joakim Edsjo”. and Marco Taoso™*
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Figure 1: Shape of DM density (left) and magnetic field (rght) profiles discussed mn the text.
as a function of the galactocentric coordinate r.
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0904.3830v1 [astro-ph.CO] 24 Apr 2009
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Constraints from ~v-ravs and radio
Lars Bergstrom®. Gianfranco Bertone”, Torsten Bringmann®, Joakim Ecgiﬁ", and Marco Taoso™*
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Figure 1: Shape of DM density (left) and maguetic field (rght) profiles discussed i the text,
as a fanction of the galactocentric coordinate r.

DM DM - e"e~, NFW profile
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Constraints from v-rays and radio
Lars Bergstrom®, Gianfranco Bertone”. Torsten Bringmann®, Joakim Edsjé”. and Marco Taoso™*
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Figure 1: Shape of DM density (left) and magnetic field (right) profiles discussed i the tert.
as a function of the galactocentric coordingte r.
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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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PAMELA positron excess

Mayv be the first indireet hint that DM species annihilate in the MW,

Fapn = {ov) X % needs to be enhanced

X

2) Boosting the annihilation cross section
e [nternal bremsstrahlung from charged external lees or virtual internal particles.

at low velovity,

fkik

e Sommerfeld effect — a non—perturbative enhancement of o,

e Slightly or strongly modified thermal decoupling (quintessence).

XXxX—=00 & o>l

Accelerator constraints soon 7
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Constraints on WIMP Dark Matter from the High Energy PAMELA j/p data
F. Donato et al. — arXiv:0810.5292 - PRL 102 (2009) 071301
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FIG. 3: The fiducial case of a 1 TeV LSP annihilating into a W™ W™~ pair is ~ In the left panel, the positron signal
which this DM spedes yvields has been increased by a factor of 400, hence the 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 soiid line of the right panel
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PAMELA positron excess
May be the first indirect hint that DM species annihilate in the MW,
2
Py

=
my

needs to be enhanced

FConn = (ov) X

3) Astrophysical effects on DM annihilation

e A statistical analvsis is necessary to compute the sisnal enhancement.
Bty way < 20 in ACDM

e A single nearby elump - how probable is it 7 g
e A single nearbv clump — what about the other messengers 7
e Are minispikes about IN(BHs a mvth 7
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J. Lavalle. J. Pochon. P.S. & R. Taillet. A& A 462 (2007) 827
J.Lavalle, J.Pochon, P_Salati & R.Taillet (2006)

m, . =50 GeV (m,, =6 TeV)

TTTIIITIIII]IITTTTT
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J. Lavalle. J. Pochon. P.S. & R. Taillet. A&A 462 (2007) 827
J.Lavalle, J.Pochon. P.Salati & R.Taillet (2006)
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J. Lavalle. J. Pochon. P.S. & R. Taillet. AL A 462 (2007) 827
J.Lavalle, J.Pochon, P.Salati & R.Taillet (2006)
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J. Lawvalle. .J. Pochon. P.S. & R. Taillet. AL A 462 (2007) 827
J.Lavalle, J.Pochon, P.Salati & R.Taillet (2006)
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J.Lavalle, J.Pochon, P.Salati & R.Taillet (2006)

2 022 Random clumpy halo
‘e = Closest clump at ~0.07 kpc
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How probable 1S that 7
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J.Lavalle, J.Pochon, P.Salati & R.Taillet (2006)

2“’ Random clumpy halo
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How probable is that ”

e /1
R

I 7| e mepsoes”

ction
e e
> =

e
-t
'

2
5]

=

positron fra

2

TT:{Ilr]rllllrrTTqulTI]l

0.08

0.06

i i i L | j i 1 L &

irsa: 09060062 1 10 ‘]Dz Page 41/104
T E (GeV)




e Without clumps — with the sl%mth DM distribution p,

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

o={d,~o} + {‘@':Z*""}

0 = Sx Clx;) x {s. = E’f‘—‘)d-’-x}

4



Recipe for a statistical analysis

e Without clumps — with the smooth DM distribution p.
5 1) -~ p dN = o (x) 2
Dy =4S = — (Oagl) — — p X ¢ I = Gx) — "x
T my AL D7 o

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

7 5
- B A1 } ap-(x) ..
Z = & 2. G{x) x {E; = :/ ! S
- ithelamp P75
1 |
!
Boost factor B = ot
irsa: 09060062 actor S ﬁ’j Page 43/104
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(i) The actual distribution of DM substructures is one particular realization
€ statistical ensemble of all the possible random distributions.

(o) and oF=(f) — (&)®
By =(B= é/@s) and o= o',,/%

(ii) Clumps are distributed independently of each other. There-
fore. we just need to determine how a single clump is distributed inside
thegahctmhabmmdamdmmthesta;mwﬂfmmme

constellation of Ng such substr
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(iv) This naturally leads to the effective boost factor

J. Lavalle. J. Pochon. P.S. & R. Taillet. ALA 462 (2007) 82T
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(iv) This naturally leads to the effective boost factor

ap "&'rffés . OF

B 1+(0)/05  (&n)

J. Lavalle. J. Pochon. P.S. & R. Taillet. ALA 162 (2007) 827

—_—

where
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34 J. Lavalle. J. Pochon, P. Salati & R Taillet (2006)
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I Lavalle. J. Pochon. P. Salati & R Taillet (2008)
ez

32z NFW DM Halo — p <« 1/r 1

% 3oE a_ . = 29 kpec
E 28 — -
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~ =z2F B = 100 o~ #
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G 20F —
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e 18— +
5 b
c 16- 1
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-E i

Pirsa: 09060062 Page 51/104

A



4 Lavalle. J. Pochon, P. Salati & R Taillet (2008)
T Tri L] L | | § L] L | ¥

NFW DM Halo — p =« 1/r
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l. Lavalle. J. Pochon, P. Salati & B Taillet (2008)
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Recipe for a statistical analysis

e Without clumps — with the smooth DM distribution p.
N )0 5 AN = rtx) .
Vs = {‘5 g~ "J."T:n::nﬁ' ﬁT _} X {I — / Glx) L = J fi';}(}
e o DZ P

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

. B. : r'!.tf'!i:Xj 2
3 = S Gx) x 46 = = 3 d’x
- J ithehmp M
)
Boost factor B = —
Pirsa: 09060062 lactor == G’j Page 54/104
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e Without clumps — with the smooth DM distribution p,

= {S__ﬁ_o(gmh}a' rL} { ﬂ”(x)dgl}

+ = dE

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

o={o, ~a,} + {411- = Zﬂ}

RN SV

ll

= - e
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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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E . . =% & | = i _.
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Fig. 1. The mass fraction fu of DM in champs is set onee M, Fig. 1. The dependence of ¢, on the halo mass M. at = =
snd o are chosen. This fraction cam be directly resd off the 0. as in the Bullock et al. tov meodel (solid line) and in the
graph for various an, (from 21 down te 1.7—top to bettom S ) 8 P s _ _
St} el soines. A - (Soes: 1P RE. down tn 0 A = ENS tow uuu‘hl.l |rL'milmti line): p.mth:rﬂurm are compared to
) a few =ets of stmulation results i different mass ranges. A

flat, vacuum-dominated cosmology with @y = 0.3, f!l.M:
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C .Eiump m 1PE o ﬁﬁm

dPv(r)/
inner profile
b
Moin:

Cvig — Mo

Cored® or NFW
NFW? or Moore
[1.8 — 1.9% — 2.0
[10—" % — 1 — 10°] M.
BO1® or ENSO1

tﬂefmmemﬁgnnﬁnn.
Table 2. Description of the various configurations used in
the paper for the sub-halo parameters.

T dP, 7 dMioc M-

E “—-g=FW
- =205
1 ce=200
=] " ‘-_ =18

r g ™ —a= 190 1
¢ % N — =180

- . —u=T -

fjy= Cumul. mass,, / M,

10* 10* 10* 10 1 1w 10 10 1w 1"
M, [sotar unit]

Fig. 1. The mass fraction [y of DM in clumps is set onoe M
anid o ape chosen. This fraction can be directly resd off the
graph for variows an (fom 2.1 down te 1L.7—top to bettom
curves) and variows M, (from 10° M. down to 107"M.. x-
AN,
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in ACDM
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The cosmic ray lepton puzzle in the light of cosmological N-body simulations
P. Brun. T. Delahave. J. Diemand. S. Profumeo & P. Salati. arXiv:0904.0812

Nom-finear effect of the positron hormzon

! e - = ARC : 2
IE L oo Conscntyrmad Tl el 10“] .‘Ol% p('-':l
F = | TeW WIMP = i LS Tpep— 0.9 kpe |
= — - — | T, b
i 2 e = B OG aie Tebiiig :
E I l: — ADGEV, oot - 2 chmgs 5 f
1 4
- -.- F
il : -
E E -L-'TF'+ : ;_'tﬂ-
e H 105
e o T = 'Er' o
Energy ( GeV ) ( GeV )

FIE:. 1: Best fits to the PAMELA data in the case of & positronic line (see the e™ /e row of Tab. I} (left panel) and fits 1o
the AT data (right pamel).

PAMELA ATIC
my (GeV) 100 1 000 1 000
et je~ (1.22; 1.07-107 }|(0.78; 3.56- 107} || (1.64; 4.81-10%)
e= + u= + v5||(0.44:2.51-107) | (0.27;9.84- 107} || (1.45; 9.44- 10%)

TABLE I: Best fit values of the (D: L) couple in units of
(kpe: M2 pe™?) for various DM particle masses and annihila-
Pirsa: 09060062 tion channels. Page 61/104
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The cosmic ray lepton puzzle in the light of cosmolog

P. Brun. T. Delahave. J. Diemand. S. Profumo & P. Salati. arXiv:0904.0812

Now-linear effect of the positron horzon

r = AT
L o Conwentyrmsl tuck gyl
e oo umm
o — T, e

= N GeV, wmootly « | clemp
— G e oot - 2 cliimmps

10*% M2 pe—?
09 kpe |

= Sovmmbirs oo
e I TeN WINP
E L oG W o
ﬁ 4
T Ak
':..-. T

FIG. 1:
the ATIC data (right panel).

T w
Energy ( GeV)

Best fits to the PAMELA data in the case of a positromic fine |see the ¢ /e~ row of Tab.

4.3 kpe
105

i
E (GeV )

I} (left panel) and fits 1o

PAMELA ATIC

my (GeV) 100 1 000 1 000
et je (1.22:1.07-107)|(0.78:3.56- 107} || (1.64; 4. 8] - 10™)
e + p= + 7= ||(0.44,2.51-107)| (0.27:9.84- 10%) || (1.45: 9.44- 10%)

TABLE I: Best fit values of the ([); L) couple in units of
(kpe: M2 pe™?) for various DM particle masses and annihila-

tion channels.

Pirsa: 09060062
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The cosmic ray lepton puzzle in the light of cosmelogical N-body simulations
P. Brun. T. Delahave. 1. Diemand. S. Profumo & P. Salati, arXiv:0904.0812

Now-linear effect of the positron hormon

i - o 4 f :
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; s | TeW WD O GV, s 0.9 k;'r
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S - 2| s SMGEV. amwoth e | sl
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e = . |
1L A :
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S0 r . : ¥
£ E "'L:F_}- : o
e = s a—4
e — = @ ”
Energy ( GeV ) E{Gﬂ!)

FIG. I: Best fits to the PAMELA data m the case of a positronic fine {see the ¢~ /e~ row of Tab. I (left panel) and fits o
the AT data {right panel).

PAMELA ATIC
my (GeV) 100 1 000 1 000
et je~ (1.22; 1.07-107)| (0.78: 3.56-10%) || (1.64; 4.81-10%)
e* + p= + v+ |[{0.44:2.51-107) | (0.27:9.84-10%) || (1.45: 9.44-10%)

TABLE I: Best fit values of the () L) couple in units of
(kpe: MZ pe?) for various DM particle masses and annihila-
Pirsa: 09060062 tion channels. Page 64/104
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The cosmic ray lepton puzzle in the light of cosmological N-body simulations
P. Brun. T. Delahave. J. Diemand. S. Profume & P. Salati. arXiv:0904.0812

Non-finear effect of the pesitron horzon

| e - s ATE !
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Enerey ( GeV ) E{&V}

FIG. I: Best fits to the PAMELA data in the case of & positronic line {see the ™ /e~ row of Tab. [} (left paned) and fits 1o
the AT data (right paned).

PAMELA ATIC

my (GeV) 100 1 000 1 000
et fo— (1.22:1.07-107)|(0.78:3.56- 107} || (1.64; 4.81-10%)
et + u= + r=||(0.44:2.51-107)|(0.27:9.84- 107) || (1.45; 9.44- 10%)

TABLE I: Best fit values of the (D L) couple in units of
(kpe: M2 pe™?) for various DM particle masses and annihila-

Pirsa: 09060062 tion ME Page 66/104
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The cosmic ray lepton puzzle in the light of cosmological N-body simulations
P. Brun. T. Delahave. J. Diemand. S. Profumeo & P. Salati. arXiv:0904.0812
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The cosmic ray lepton puzzle in the light of cosmeological N-body simulations
P. Brun. T. Delahave. J. Diemand. S. Profumo & P. Salati, arXiv:0904.0812

Non-finear effect of the positron horizon
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FIG. 1@ Best fits to the PAMELA data m the case of a positronic Iine (see the ¢~ /e row of Tab. [} (left panel) and fits to
the AT data (right pamnel).

PAMELA ATIC

my (GeV) 106) 1 000 1 000
et je~ (1.22:1.07-107)|(0.78;3.56- 107} || (1.64; 4. 81 - 107)
et + p= + 7 ||(0.44:2.51-107)|(0.27;9.84- 107} || (1.45; 9.44-10%)

TABLE I: Best fit values of the (D: L) couple in units of
(kpe: M2 pe™?) for various DM particle masses and annihila-

Pirsa: 09060062 tion channels. Page 68/104
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The cosmic ray lepton puzzle in the light of cosmological N-body simulations
P. Brun. T. Delahave. J. Diemand. S. Profumo & P. Salati, arXiv:0904.0812
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The cosmic ray lepton puzzle in the light of cosmological N-body simulations
P. Brun. T. Delahave, J. Diemand. S. Profumeo & P. Salati, arXiv:0904.0812
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T. Bringmann. J. Lavalle & P. Salati. arXiv:0902.3665
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PAMELA ATIC
my (GeV) 10 1 000 1 000
et fe~ (1.22: 1.07-107}|(0.78: 3.56- 10"} || (1.64: 4.81-10%)
et + pu* + r=||(0.44:2.51-107)|(0.27;9.84-107) || (1.45; 9.44- 10%)

TABLE I: Best fit values of the ([): L) couple in units of
(kpe: M2 pe™?) for various DM particle masses and annihila-
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P. Brun. T. Delahave. J. Diemand. S. Profume & P. Salati. arXiv:0904.0812

>

- T
Via Lactwen [l - mean » il

VLIL- oﬁ'f!
(Jt') = 3>< 10 ®em’s

L 34x109 Mz pe>

=
X
5

-

Distance to subhalo ( kpc )

E!tl!ltilLJJ[ll[E!L[llil !:Elll"-LI

!
T 75 & 85_ 9 95 0 W5
Lng(LfM;pc*-”)

Pirsa: 09060062

r'y

Page 72/104

—_—



T. Bringmann. J. Lavalle & P. Salati. arXiv:0902.3665

B ipgmmaniy. Lavnlle & =<abuey | S0 b sagianne), [amifle b Sl |0 Birfimgmiviie. | avnble b Saloal HEE

- = Pl | 1, es g *

i, = | = FED E iy = 1 TeW FLIDS oe™e

= PAMELA (s e PANELA (e

; Frrma |vaclusesds
-

- e EERET | osiate=tng)

- Frrmm | cariasbed |

3 R s BORET sl

R | Sw
o=} [ 3
i !'-Iu_ - Uiding oy E
= 1 L = 1
& o5 0 —— g e e g i e 85 1D w50 im0
of [kpe d [kpe| o Tpe]
PAMELA ATIC
My (GeV) 100 I O6) 1 000
et je~ (1.22;1.07-107)|(0.78:3.56- 10%) || (1.64; 4 81-10%)
es + pu= + || (0.44:2.51-107)](0.27:9.84- 10%) || (1.45; 9.44- 10%)

TABLE I: Best fit values of the (D): L) couple in units of
(kpe: M2 pe™?) for various DM particle masses and annihila-
Pirsa: 09060062 tion channels. Page 73/104

. A
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Adiabatic DM compression around the INIBH
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Adiabatic DM compression around the IMBH
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