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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 electron
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 species do

not seem to have the expected properties. | will review the various pieces of that puzzle and present a status report of the current developmentsin
that fast moving field.
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2) Boosting the annihilation cross section
3) Astrophysical effects on DM annihilation

4) Perspectives
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Indirect signatures of DM species

Weaklyv Interacting Massive particles WINPs [nayv be the major
component of the haloes of galaxies. Their mutual annihilations
would produce an indirect signature of high—energy cosmic ravs :
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1) The cosmic ray anomalyv
Ved.¥ — KAV + 9 {W°S(E)¥ — Kgp(E)dp¥} = Q
Poisson equation K AV + Q = 0

4

Long range with G2°(r) = Q

dnKr

° E.\}"i]}{ ration 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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PAMELA positron excess

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

T = (0v) 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 Sommerfeld effect — a non—perturbative enhancement of 7., at low velocity

e Slightly or strongly modified thermal decoupling (quintessence)
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DM particles

The annihilation rate needs to be considerablyv boosted
L. Riszlarwski. R. Rune de Austn Silk & R, Trotta. arXiv0707.0622

Roszkowsk, Rz Sik 4 Trotta (2008)
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Figure 3: Predicted positron flux fraction in the CMSSM. The 68% (dark/red) and 95%
(light /vellow) regions are for an NFW profile with a boost factor BF=1 and a specific choice of
propagation model. We also show for comparnson some of the current data. To illustrate the depen-
e Glzlr'm'}' 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 indirect hint that DN species annihilate in the NW.

¥

Fapn = (ov) X 1‘2 needs to be enhanced
™

2) Boosting the annihilation cross section
e [nternal bremsstrahlung from charged external lees or virtual internal particles.
e Sommerfeld effect — a non—perturbative enhancement of o, at low veloeity

e Slightly or stronglv modified thermal decoupling (quintessence

XxX—00 & o—1UT

Accelerator constraints soon 7
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DM particles
The annihilation rate needs to be considerably boosted

L. Risszlawski. . R Nt Silk & H. Trotta. arXiv07T07.0622

Hoszxowski, Rz Sik & [rofta (2008)
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Figure 3: Predicted positron flux fraction im the CMSSM. The 68% (dark/red) and 95%
(light /vellow) regions 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

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

.I.'}

Famn = (ov) % L"& needs to be enhanced
iy

2) Boosting the annihilation cross section

e [nternal bremsstrahlung from charged external lees or virtual internal particles.
e Sommerfeld effect — a non—perturbative enhancement of o,,, at low velocity

e Slightly or strongly modified thermal decoupling (quintessence

XX 00 & o— U

Accelerator 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 Edsjé*
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Sommerfeld effect - a non perturbative enhancement of o,,, at low velocity
J. Hisano, S. Matsumoto and M. M. Nojin
M. Pospelov & A. Ritz. Phvs. Lett. B671 (2009) 391

N. Arkani Hamed. D. P. Finkbeiner. T. R. Slatver & N. Weiner. Phvs. Rev. D79 (2009) 015014
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FIG. 3 The annihilation diagrams yy — oo both with (&) amnd without (b) the Sommerfeld enhn?.-nu-l'ﬂa.
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DM particles

The annihilation rate needs to be considerably boosted
L. Reszloowski, R R e st Silk & R Trott ar Xiv:0707.0622

Hosrhowski, Rz Sik & Trofta (2008)

0.1 1 10 100 400
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Figure 3: Predicted positron flux fraction im the CMSSM. The 63% (dark/red) and 95%
(light / vellow ) regions 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-
Pirsa: ogoeooé‘zh ncy of the spectral shape at low energies on the halo model, we plot the spectrum for the same
= choice of CNISSM 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,

.IZ}

[Can = (o) X i‘? needs to be enhanced
sy

2) Boosting the annihilation cross section

e [nternal bremsstrahlung from charged external legs or virtual internal particles.
e Sommerfeld effect — a non—perturbative enhancement of 7., at low velocity

e Slightlv or strongly modified thermal decoupling (quintessence).

; Beware of the other messengers |

XX—00 & o—1UT

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

M. Cirelli’, M. Kadastik’. M. Raidal’. A. Strumia’

DM with M = |50 GeV that anmbilates into W™ W™
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Constraints on WIMP Dark Matter from the High Energy PAMELA j p data

F. Donato. D. Maurin. P. Brun. T. Delahave & P. Salati. arXiv: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
Py G202 is labelled according to the corresponding PAMELA energy il 2L

.

g &) bin.



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 featured. In the lefi 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
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Constraints from v ravs and radio
Lars Bergstrom®. Gianfranco Bertone”, Torsten Bringmann®. Joakim Edsjé”. and Marco Taoso"

ot —
o
™ | 2
s 1 | 3 ; | 2
£ L 8 - = i =
g * = =
x W 2 B .
s = = r 1
ot i II ¢
i’ - - E’
o -
e o W | e o
rmpe FEp ﬁ

Figure 1: Shape of DM density (left) and magnetic field (right) profiles discussed m the tert.
as a function of the gulactocentric coordinate r.
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Constraints from ~v-ravs and radio
Lars Bergstrom®. Gianfranco Bertone®, Torsten Bringmann®. Joakim Ecgjﬁ" and Marco Taoso™*
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Figure 1: Shape of DM density (left) and magnetic field (right) profiles discussed i the text.
as a function of the gulactocentric coordinate r.
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Constraints from ~v-ravs 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 coordinate 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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Unrealistic boost factors required
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PAMELA positron excess

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

.

Famn = (ov) % ﬁ needs to be enhanced

i

2) Boosting the annihilation cross section
e [nternal bremsstrahlung from charged external legs or virtual internal particles.
e Sommerfeld effect — a non-perturbative enhancement of 7, at low velocity

e Slightly or strongly modified thermal decoupling (quintessence

7

XX 00 & o—UT

Accelerator constraints soon ?
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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 lefi panel, the positron signal

which this DM spedies yields 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 expilain such a large enhancement of the annihilation cross section, the same boost applies to antiprotons
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PAMELA positron excess
May be the first indirect hint that DM species annihilate in the MW,

.

P

3
my

needs to be enhanced

Fagn = (ov) %

3) Astrophysical effects on DM annihilation

e A statistical analvsis is necessarv to compite the sigsnal enhancement.
Bhilky way < 20 in ACDM

e A single nearby clump - how probable is it 7 7
e A single nearbv clump — what about the other messengers 7
e Are minispikes about IMBHs a mvth ?
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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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Random clumpy halo
Closest clump at ~0.25 kpc
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~————— Primary contribution (clumpy)
———— Background from SM98

p = r?(r =05 kpc)
m, ., =50 GeV (m_ =6 TeV)
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J. Lavalle. .J. Pochon. P.S. & R. Taillet. ALA 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)
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HOW probable IS that 7
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J.Lavalle, J.Pochon, P_Salati & R.Taillet (2006)
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How probable IS that 7
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e Without clumps — with the sq}ooth DM distribution pg

o {SE B o "2 st } S {IE /Dza(x) ”Eg) dax}

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

o={d,~0o} + { Zw}
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Recipe for a statistical analysis

e Without clumps — with the smooth DM distribution p,
D, — D= — \Pamn?¥) —5 X I = ('{x:l 2 {I. -
n f”'{ | ol D7 P

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

B A1, ' dp-(x) .
= — d'x
P- ithclamp P%

Boost factor B = b

irsa: 09060062 (P 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) — (&)
Bg=(B=09¢/¢,) and oB=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 Vg such substructures.
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(iv) This naturally leads to the effective boost factor

and to the boost variance g

or/0s __ Or

2
Beg 1+{or)/os (or)

where

J. Lavalle. J. Pochon. P.S. & R. Taillet. A&A 162 (2007) 827
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7
and to the boost variance

ap U'r/ Os — Oy

B  1+(0,)/0s (or)

where

J. Lavalle. J. Pochon. P.S. & R. Taillet. A&A 162 (2007) 827
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Effective boost factor B, and its 1 -0 range
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Effective boost factor B,, and its 1-¢ range
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Recipe for a statistical analysis

e Without clumps — with the smooth DM distribution p,
- ) e ot I\ I r({x) .
Dy = {‘b = — .j!T_”.;uﬁ_,.- .‘_1 _} X {I E/ G(x) i > J {i';}(}
" f”'{ D7 [

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

o : B A1, ' dp-(x) ..
- — & X (rfx ) X E-’ — — - ".idx
[LE J ithelump P~

_ 9
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e Without clumps — with the smooth DM distribution p,

fs= S & 2} fr= o 22

Qs =

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

¢={¢;z¢,}+{¢r=2w}

ool [ )
U

= _ =

T &)
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Effective boost factor B, and its 1-¢ range
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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 fiy of DM in clumps is set onoe My, Fig. 1. The dependence of ¢, on the halo mass M. at = =
and oy are chosem. This fraction can be directly resd off the 0. as in the Bullock et al. tov model (solid line) and in the

graph for various a,, (fom 2] down to |.T—top to bottom
curves) and varouws M, (ffrom 10° M. down to 107" A.. x-
= ),

ENS tov model (dashed line): predictions are compared to

a few sets of simulation results in different mass ranges. A

flat. vacunm-dominated cosmology with 2, =03, 02, =
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dPv(r)/dV Cored® or NFW

Inner profile NFW' or Moore
o [1.8 — 1.9% — 2.0]
Minsn [107® ¥ — 1 - 10°] Af

Cvie — Muie BO1* or ENSOI1

tﬂtﬁmmﬁminu,
Table 2. Description of the various configurations used in
the paper for the sub-halo parameters.
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curves) and mu:‘lf__ (from 10° M. down ::Pm—'_uu_ o ENS toy model (dashed line): predictions are compared to
s a few sets of simulation results in different mass ranges. A
flat. vacnum-dominated cosmology with 2y, =ﬂ'3'ﬂi'b=
0.7. h = 0.7 and o< = 1 is assumed here. Page 59/104
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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-inear effect of the positron horzon
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FIG. 1: Best fits to the PAMELA data in the case of a positronic line (see the ¢~ /e row of Tab. ) (left panel) and fits 1o
the ATIC data (right panel).

PAMELA ATIC

my (GeV) 100 1 000 1 000
et je~ (1.22:1.07-107 )| (0.7%: 3.56- 10%) || ( 1.64: 4.81-10%)
e* + = + r=|(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-
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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-linear etfect of the positron horizon
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FIG. 1: Best fits to the PAMELA data in the case of a positronic line (see the ¢™ /e~ row of Tab. I) (left panel) and fits 1o
the ATIC 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= + pu* + r=||(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-
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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

Non-linear effect of the posstron hormzon
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FIG. 1: Best fits to the PAMELA data in the case of a positronic line (see the ¢™ /e row of Tab. [} (left panel) and fits to
the ATIC 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= + r=||(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-
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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

Not-linear effect of the pesitron hornzon
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FIG. 1: Best fits to the PAMELA data in the case of a positronic line (see the ¢™ /e~ row of Tab. [} (left panel) and fits 1o
the ATIC 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= + pu= + 7+|/(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-
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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. Profume & P. Salati. arXiv:0904.0812

Non-linear effect of the positron horzon
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FIG. 1: Best fits to the PAMELA data in the case of a positronic line (see the ¢™ /e~ row of Tab. [} (left panel) and fits to
the ATIC 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%)
et + p* + r=||(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-
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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 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
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P. Brun. T. Delahave. J. Diemand. S. Profumo & P. Salati. arXiv:0904.0812

>

VaLactea Il - mean P .
y
Vil- 1% ViO-01%|

(ov) = .‘ix 10 *®* e’ 51

Lﬁé 3.4 x 10° M5 pec°

S

ATIC. 1 TeV

-

PAMELA 1 TeV

PAMELA. 100 GeV

- 0.37%

Distance to subhalo ( kpc )

lill!illllilll]llllli-Elll;l 'll[ll lI

7 - 75 8 85 . 9 9% W W
Log(L/M'*@pc*3)

Pirsa: 09060062

-

Page 74/104



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

Non-linear effect of the positron horzzon
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FIG. 1: Best fits to the PAMELA data in the case of a positronic line (see the ¢~ /e~ row of Tab. 1} (left panel) and fits 1o
the ATIC data (right panel).
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Acliabatic DM compression around the INIBH
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Adiabatic DM compression around the IMBH
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Adiabatic DM compression
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liabatic DM compression around the INIBH
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Adiabatic DM compression around the IMBH
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Adiabatic DM compression around the INBH
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Adiabatic DM compression around the INBH
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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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gamma ray flux at the Earth from a single mini-—spike
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T. Bringmann. J. Lavalle & P. Salati. arXiv:0902.3665
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gamma ray flux at the Earth from a single mini-spike
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PAMELA positron excess

\Mav be the first indirect hint that DN species annihilate in the NIW.

S = i i b N
=

3) Astrophysical effects on DM annihilation
/4

e A statistical analvsis is necessarv to compute the signal enhancement.

Bty way < 20 in ACDM

e A single nearby clump is very improbable.
e EGRET constrains the WIMP to be leptophilic.
e If so. IMBH could be a solution although future strong limits from FERMII.
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4) Perspectives

e Leptophilic vs CR propagation : are normal WIMPSs really excluded 7

e DM distribution ar the GC not known although concentrated.

e Sommerfeld effect combined with DM clumps & CR propagation — under study.

PAMELA positron excess

Mav also be an indication that DM species decay in the M.

Faaw = (00) 3 % =5 Topy = Figpe X 2X

2
m3 m,

e Decaving DM species could pass the tests as ' ., x ..
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gamma ray flux at the Earth from a single mini-—spike
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