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Outline

General introduction

Why antimatter ?
The positron excess: standards and non standards

Computing the odds of the Galactic Lottery: clumpiness
boost factors

Cosmological sub-halos: Analytical vs N-body approach

Conclusion

Julien Lavalle, LPSC Grenoble, 05/11/2009 — p. 2



The Dark Matter problem

connecting cosmological to microscopic scales
= ._-_.li!‘_.-.ll"-""'
Cosmological data (WMAP "&te)ii-—iil |

Qmatter ~ 0.3
Qp ~ 0.7

85% of the matter is of unknown ori-
gin (non-baryonic)— New particles or
modified gravity. WIMPs naturally arise
from beyond standard model theories
(SUSY, ED), without asymmetry mat-
ter/antimatter

Relic density (thermal

hypothesis):
2
1 MEwW
QX > (ov) > g%w

DM couples to standard matter
(direct detection)

Annihilation in high density re-

: . : Courtesy R. Taillet
gions (indirect detection)

Julien Lavalle, LPSC Grenoble, 05/11/2009 — p. 3



If dark matter couples to ordinary
matter, it could be detected thanks to:

G

Particle colliders: (LHC!)
(no difference between any
meta-stable particle and a wimp)

Direct detection: (many!)
(mainly sensitive to scalar
interactions and low wimp
masses)

Indirect detection:

(HESS, PAMELA, GLAST)
(y-rays, antimatter cosmic rays,
neutrinos )

Detection methods

f
,' Photens and Electrons
scatter from the




Detection methods

If dark matter couples to ordinary
matter, it could be detected thanks to:

©  Particle colliders: (LHC!)
(no difference between any
meta-stable particle and a wimp)

© Direct detection: (many!)
(mainly sensitive to scalar
interactions and low wimp = Nl
masses) | | -/ ey g

scatter from the

©  Indirect detection:
(HESS, PAMELA, GLAST)
(v-rays, antimatter cosmic rays,
neutrinos )

Complementary searches are manda-
tory for consistent answers




Some candidates

©  Supersymmetry
neutralino (MSSM & mMCHOUGRA) — DM:
— bb (tt), WTW —, ZZ, marginally [+1~ (small slepton masses)
gravitino (GMSB & mMCHOUGRA) — DM & SUSY breaking & nucleosynthesis:
— phenomenology of nLSP

sneutrino (MSSM) — DM & neutrino masses & leptogenesis:
— v, WTW~—
©  Extra-dimensions
LKP (UED) — DM:
— 71~ (60%), up qg (35%)

LZP (warped GUT) — DM:
— (depends on LZP mass and KK scale)

©  Other (minimal) models
Inert doublet model, little Higgs, light DM, etc.

Julien Lavalle, LPSC Grenoble, 05/11/2009 — p. 5



Indirect detection of Dark Matter

Non-baryonic DM may explain a large fraction of the masses of galaxies and clusters f
made of exotic annihilating particles , we might detect indirect signatures by means of astro-

nomical device

Co_ur'r[-esy P. Salati

® ~and v: travel directly from the source
to the observer —> Needs of large DM density regions

(Centers of galaxies)

® Antimatter cosmic rays:  diffuse on the
magnetic turbulences

Julien Lavalle, LPSC Grenoble, 05/11/2009 — p. 6



Dark Matter

d clusters O f
geans of astro-

Non-baryonic D}
made of exot]
nomical devj

BI)I'illlX < ov >
5
X

0

8mTm
y )

— — — dN)rinl S,
g(x@,EHajs,Es) p?nn(ajs) dIT / IS
g

L

2sy P. Salati_

~vand v: tre
to the observe

density regions

Antimatter cosmic T8
magnetic turbulences
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Dark Matter

d clusters O f
geans of astro-

5Bp1'in'1>< <ov >

derirn

Zo,E — Zg, E 2 (%
HE s, s) % prn (Ts) dE<

Dark matter distribution

Prescriptions from N-body cosmological simulation

Found to not be smooth: clumpiness effects ? ssy P. Salati_

Propagation Green function density regions

~vand v: tre
to the observe

Antimatter cosmic T8
magnetic turbulences

Julien Lavalle, LPSC Grenoble, 05/11/2009 — p. 6



Dark Matter

d clusters O f
geans of astro-

o
w
T

background predictior

|

o(e) / (¢(e")+ ¢le))

Positron fraction

PAMELA collab., arXiv:0810.4995

® PAMELA

T

Irl'l

to the observe

®  Antimatter cosmic |
magnetic turbulences

10

1 lupusuuuu il wowll 1TUliviivil i

Energy (GeV)

100
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Dark Matter

d clusters O f
geans of astro-

Baltz & Edsj0, 98
Boost factor of 55

b

|

Positron fraction, € / (e" + €)

ackground predictior

E.A. Baltz and J. Edsjo, 1998
T T T T TTT

-~ = HEAT 94+95 - g'lf’gaj tbkg. |

—— Bkg. only fit

(d) Example 4

.........

Y o
- -
.

m, = 130.3 GeV
k= 54.6
X27=1.35

10 10° 10
Positron energy (GeV)

to the observe . density regions

®  Antimatter cosmic |
magnetic turbulences

Julien Lavalle, LPSC Grenoble, 05/11/2009 — p. 6



On the positron fraction

M

Before inferring an excess from the data, one needs to:
© properly estimate the secondary positron background;
% properly measure the electron flux;

® ++++ theoretical uncertainties !!!

Julien Lavalle, LPSC Grenoble, 05/11/2009 — p. 7



Sub-TeV Cosmic ray propagation in the Galaxy

Julien Lavalle, LPSC Grenoble, 05/11/2009 — p. 8



{ L) Ecin

e iy Ec/n
0. . o, /7»
. ALy | 1)
-f. e.g. Berezinsky (1990) I :"" ZA T ®
Bak (AZ-1) (p,te)
=

Cylindrical diffusive halo
R ~ 20kpc, L ~ 3kpc
diffusion off magnetic
inhomogeneities,
reacceleration.

L=3-10 kpc

Gaseous disc (h ~ 0.1kpc) :
spallation + convection upside
down.

free parameters :
K(E),L,R,Vc, V4

....... (Figure by D. Maurin)

fLiige)

AT RN

Diffiuston on magnetic inhomogeneities Acceleration by shock waves

.6 o B

R R
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B disinfegrarion patation
z {Lise) Ecin
e f Ec/n
0. . o, /=
. (ALY | 1) |
-f. e.g. Berezinsky (1990) I :“’I‘ e ZA @
B&M (AZ-1)
~ =

Cylindrical diffusive halo
R ~ 20kpc, L ~ 3kpc
diffusion off magnelic
inhomogeneities,
reacceleration.

L=3-10 kpc

h=0.1 leCI {H+He+...} 51

Gaseous disc (h f 0.1kpc) :
spallation + convedtion upside
down.

. : :RE):B.H kpc

etry arotned g)

free parameters :
K(E),L,R,Vc, V4

vi| |

....... (Figure by D. Maurin) bl
pl
fLse)

Diffiuston on magnetic inhomogeneities Acceleration by shack waves

.6 39

R R
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Diffusion equation for e*/~ or pp

M

et/—, cf. Bulanov & Dogel 73, Baltz & Edsjo 98, Lavalle et al 07, Delahaye et al 08
Nuclel, cf. Strong et al (98-08), Maurin et al (01-08)

source: injected spectrum
dn S
8td—E — Q(E7 £, t) spatial current: diffusion and convection
. -~ Yydn K<E>:KO<E£0)
T {V<K(E’ ZE)V o VC)}d—E VC<Z> = sign(z) X V¢
E
— {8E(O;—t — QEEQKppE?pE_Q) } j—g Energy losses and reacceleration
dn
- {FSpal } dE spallation (nuclei)

Uncertainties and degeneracies in parameters (Maurin et al 01)

(Complementary & full numerical: Galprop , Strong et al)

Julien Lavalle, LPSC Grenoble, 05/11/2009 — p. 9



Energy-dependent diffusion scales for et and p

M

et’s lose energy :

survey larger and larger volumes
when detected at lower and lower
energies

— importance of energy loss
parameters: magnetic field,
interstellar radiation field

p's do not lose energy, but
convective wind and spallation
processes very efficient at low
energy :

survey larger volume at high ener-
gies

Ay /L

10

Characteristic diffusion length (for L = 4 kpc) /./"/
- anti-proton [E__ =1 TeV] ;
positron [ES =1TeV] S
....... positron [ES =0.5TeV] X4
.............. positron [ES =0.25TeV] ,.//

| IIIIIII|| | IIIIIII| | IIIIIII| | 1 1 11119

10" -
10

10° 107 10*

[ED/ESfore Jor[E/E __ for P ]

Julien Lavalle, LPSC Grenoble, 05/11/2009 — p. 10



Energy-dependent diffusion scales for et and p

eT’s lose energy :

survey larger and larger volumes — L
when detected at lower and lower <t
energies

— importance of energy loss
parameters: magnetic field,
interstellar radiation field

p's do not lose energy, but !
convective wind and spallation

processes very efficient at low

energy :

survey larger volume at high ener-

gies

aragteristic diffusion length (for L = 4 kpc)
R amsgproton [E =1 TeV]

IIIIIII| | 1 1 11119

10" -
10

10°

102

10™

[ED/ESfore Jor[E/E __ for P ]

Julien Lavalle, LPSC Grenoble, 05/11/2009 — p. 10



Short recipe for secondary positrons

M

Proton & o fluxes

Interstellar gas (H, He)
located in the disc

Inclusive nuclear cross section
to positrons — source term

|

Propagation

Y

Positron flux at the Earth

Julien Lavalle, LPSC Grenoble, 05/11/2009 — p. 11



Prediction of the secondary e* flux and uncertanties

M

The Alpine connection e™ background (Annecy & Torino)
Delahaye et al, arXiv:0809.5268

(B> d@/dE [cm “.sr'ist.GeV]

1— TS T
N IS Secondary e " flux L
N iz S r
C T‘_T.-__ 1 — -
I I_{ --—I---- e LT % |
— Il t |
- ...-_-_-::::-'-’-'-'".-.-.-.-_-_-_._. ..................... c_s
-------------------- S
10°= S ab KT T Koy
- v L
B Propagation
B s Signal fraction
107 =
10% = ’ — E=0.1GeV
- MIN
0 - ([ LS E=1GeV
I “ CAPRICEO4 | S e E = 10 GeV
. — MED E =100 GeV
107
= 4 HEAT 94-95 ---- E=0500GeV
. MAX
L °® AMS 01
10-6I| ) 1 IIIIII| 1 1 IIIIII| 1 1 IIIIII| 1 11 102 1 1 1 11 | II| 1 1 1 | II|
10" 1 10 10? 10? 1 10
. eV . . . C
Secondary positron ffi%eV] Spatial origin vs energy®e

Julien Lavalle, LPSC Grenoble, 05/11/2009 — p. 12



=
(=}
[N

=
o
[

=
Q
S

(8 d@/dE [cm ZsrislGeV

PAMELA: to predict the

- s Secondary e " flux
B Propagation
§ MIN
- = CAPRICE 94

— MED
= 4 HEAT 94-95
- MAX
B * AMS 01
I| | IIIIII| | | IIIIII| | | IIIIII| | |-
10° 1 10 10°

E [GeV]

et fraction, we need e S|

M

The Alpine connection et background (Annecy & Torino)
Delahaye et al, arXiv:0809.5268

83 d@/dE [cm Zsris1GeV

1=
- medy = 3.5
| — min index fit :
i i Ve+IT
1ot~ med index fit v:Y I'T
= max index fit LA J:I
1072 =
10°
= [ Electron CR data
B e CAPRICE 94
10 = u HEAT 94-95
§ A AMSO01 98
B v ATIC 08
10° =
10-6 | IIIIII| | | IIIIII| | | IIIIII| | L1 1111l
10™ 1 10 102 10°

E [GeV]
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=
(=}
[N

=
o
[

=
Q
S

(8 d@/dE [cm ZsrislGeV

PAMELA: to predict the

- s Secondary e " flux
B Propagation
§ MIN
- = CAPRICE 94

— MED
= 4 HEAT 94-95
- MAX
- * AMS 01
I| | IIIIII| | | IIIIII| | | IIIIII| | 1 1
10° 1 10 10°

E [GeV]

et fraction, we need e S|

M

The Alpine connection et background (Annecy & Torino)
Delahaye et al, arXiv:0809.5268

10"

positron fraction e */(e’+e)

1072

[y

- e* fraction (hard e ~spectrum) Propagation
B ---MIN
. —MED
L —e—
| T . I MAX
."\‘\ T —eo—i I !
— T“’i}j 1 T l =T | - msos
E L T e ¥y i
B N R - e Nl .
- = HEAT 94-95
| 0 HEAT00
- e AMS107
* PAMELA 08
| | | | I I | | | | I I | | | | |
1 10 10

E [GeV]
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=
(=}
[N

=
o
[

(8 d@/dE [cm ZsrislGeV

PAMELA: to predict the

IS Secondary e " flux

S

Propagation
S

§ MIN
- = CAPRICE 94

— MED
= 4 HEAT 94-95
- MAX
- * AMS 01
I| i | IIIIII| | | IIIIII| | | IIIIII| | 1 1
10° 1 10 10°

E [GeV]

et fraction, we need e S|

M

The Alpine connection et background (Annecy & Torino)
Delahaye et al, arXiv:0809.5268

[y

10"

positron fraction e */(e’+e)

1072

- e* fraction (soft e ~spectrum) Propagation
B ---MIN
B —MED
i MAX
- ) MS98
L [ B e
; = HEAT 94-95
| 0 HEAT00
- e AMS107
* PAMELA 08
sl Lo Lol L
1 10 10
E [GeV]
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PAMELA excess: standard candidates?

THE ASTROPIIYSICAL JOURNAL, 342 BOT-R13, 198D July 15

% L0ER. The Americun Astropomics] Seeiety. All rights reservad Bnated in 118 A.

THE MATURE OF THE COSMIC-RAY ELECTRON SPECTRUM, AND

Positron Fraction '/( ¢” + &)

o
=

SUPERNOVA REMMNANT CONTRIBUTIONS
AHMED BOULARES

Thysics Deparement, Space Physics Laboratory, University of Wisconsin-Muadison

Receleed TOS8 Ootaber 24 acceptad TH5Y December 29

BOULARES

2l T T T T T TTTTT T T TTT1TH
e ——
L T
e Agrinier et al. '89 e 1 i
— & Fanselow et al. '89 BN _

v Daugherty et al '75 S

o Buffington et al. 75 —— T
—# Golden et al. ‘BT H"“‘a._
- ) £, ooty e
- & Muller and Tang ‘87 es(m, K} I
- J 3
il Lol i1 gl Lol
| 1 10 100

E (GeV)

¢e+/(¢e++¢e')

0.20

Hooper et al arXiv:0810.1527

T=370,000 years  “~~.___
E..=3x10*" erg (3.5x10* erg) ~~-~-._ X
D=1587 pc

(9}

50 100 200
E, (GeV)

Julien Lavalle, LPSC Grenoble, 05/11/2009 — p. 14
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PAMELA excess: dark matter?

Possible, but needs huge annihilation rate
Several limits exists.

If dark matter annihilates into quarks or
heavy bosons

©  gamma-rays (next slide)

© antiprotons
(cf Donato et al arXiv:0810.5292)

If dark matter annihilates into leptons:
© gamma-rays (cf next slide)

©® radio emission from GC
(cf Bergstrom et al arXiv:0812.3895)

In any case, boosting the annihilation rate is
a serious issue .

F. Donato, D. Maurin, P. Brun, T. Delahaye & P. Salati (2008)
T TTTTTT T T T TITTT 3

1072: T T T T T T T
r 1 TeV WIMP ]
| ® BESS 98 isothermal halo profile -
1p-s L = Buss 02
E = BESS Polar
| @ PAMELA 2008
1074 E
=} E
2
o
©
&
g v SECONDARY SPECTRUM
105 F PROPAGATION UNCERTAINTY BAND
i X X->W+W-
10-8 _
Modulation with ¢, = 500 MV
Scan with B/C compatible data
10*7 HH‘ 1 \\\HH‘ HH‘ 1 \\\\H‘

1 10
T4 [GeV]

1 1 1
100 1000

10°
my [GeV]

10*
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PAMELA excess: nearby dark sources?

M

IMBH solution but conventional scenarios excluded gy

amn, Lavalle & Salati (in preg

“T TNk vou FHOULD &€ MONE "T TNK Nou FHOULD &€ MORE
EXPLIUT HERE ™ STEP TWOW EXPLICIT HERZE spieh Loang egoorepgid osidos - p. 16



PAMELA excess: nearby dark sources?

)
Al

'|'II Iy

RA ARy

T BUNK vou FHOULD &C MONE “T TUNK Nou PHOULD &2 MORE
EXPLIAT | e N STEP WO,V EXVPLICT HERZE Nyertape fPsogpe stz —p. 17




The Clumpiness issue

M

Clumpiness has long been invoked to boost
the antimatter yield from dark matter annihi-
lation.

©®  clumps are not expected in the GC:
no synchrotron constraints

© they are expected to be numerous
from cosmological simulations

Are they able to boost enough the positron
signal?

Positron fraction, € / (e" + €)

Baltz & Edsjo, 98
Boost factor of 55

E.A. Baltz and J. Edsj6, 1998
T T T T T T T T T

—— Signal + bkg.
------ Bkg.

SERERE Signal
—— Bkag. only fit

- = HEAT 94+95

=
o

(d) Example 4

- - .

e - =

m, = 130.3 GeV
k= 54.6
X37=135

1 10 10° 10°
Positron energy (GeV)

10

Julien Lavalle, LPSC Grenoble, 05/11/2009 — p. 18



Inhomogeneous halo
and boosted annihilation rate

Though the topic is controversial, clumps
are predicted by theory and

simulations of hierarchical formation of
structures (in the frame of ACDM)

Annihilation rate is increased in a
characteristic volume, because
<ni >>< ngm >?

(Silk & Stebbins ApJ'93)

The boost factor to the annihilation rate is

related to the statistical variance via
B <Mdm>

ann <ndm>2
There is some scatter in N-body experi-
ments: how to translate theoretical un-
certainties to flux uncertainties ? what
and where are the less ambiguous sig-
natures, if so ?

(Fig. from Diemand et al, MNRAS’04)

Julien Lavalle, LPSC Grenoble, 05/11/2009 — p. 19



Inhomogeneous halo
and boosted annihilation rate

Though the topic is controversial, clumps
are predicted by theory and

simulations of hierarchical formation of

i, structures (in the frame of ACDM)

If unclurhpy: |

cmooth ¢ — B Annihilation rate is increased in a
DM (%) = p(X)

characteristic volume, because
2 2
< N3y >>< ngm >

| Otherwise: : :
1y . . (Silk & Stebbins ApJ’93)
Pon Y (Z) = (1= f)p(Z) |
-+ Z,fv M X 83 (Z — Z;) ! ©  The boost factor to the annihilation rate is
: related to the2 statistical variance via
. <ndm>

Effective boost2 SN | Bann ~ .

' Beg =~ (1 — f)° + =2——== :

¢snlooth

There is some scatter in N-body experi-
ments: how to translate theoretical un-
certainties to flux uncertainties ? what
and where are the less ambiguous sig-
natures, if so ?

(Fig. from Diemand et al, MNRAS’04)

Julien Lavalle, LPSC Grenoble, 05/11/2009 — p. 19



Gamma-rays versus antimatter cosmic rays

M

Co,ur"[_esy P. Salati

© over a small solid angle around the line

of sight for ~—rays and neutrinos
g v y — Boost factors are not the same |

©® over a rather small volume around the
Earth for antimatter CRs, due to diffu-
sion processes Julien Lavalle, LPSC Grenoble, 05/11/2009 — p. 20



Effective volume picture for the smooth contribution
Inject a 200 GeV et with Q(r) = p*(r) ocr 2 ...

Julien Lavalle, LPSC Grenoble, 05/11/2009 — p. 21



Effective volume picture for the smooth contribution
Inject a 200 GeV e with Q(r) = p*(r) oc 772 ...

Simplest view of propagation

S o2
G x exp _|$S/\—2£U@|
D

with \p = \V4KoAt = f(Es, Ep)

O

— Detection volume scaling a

sphere of radius Ap @190 Gev FEarth | @150 GeV
«— 2 x R=140kpc —

Figures:

galactic plane at z=0 kpc
x and y from -20 to 20 kpc

Earth located at (x = 8,y = 0) kpc @
2D plots of

G(Z,200GeV — %X, E) x p?

@100 GeV @10 GeV

Julien Lavalle, LPSC Grenoble, 05/11/2009 — p. 22
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Many-object method:
Define the phase space of substructures

M

The phase space distribution depends on two main quantities:
©  the spatial distribution  of objects

©  the luminosity function  of objects

dnc =\ dNC ==\ — —
l(ﬁ,ﬂf) — m(ﬁ,iﬁ) — NO X g—e(ﬁﬁ) X %(L,ZE’)

PDFs allow to compute and associated
SiEUS[EIRVEE (IS for some physical quantities

Julien Lavalle, LPSC Grenoble, 05/11/2009 — p. 23



Computing the odds of the Galactic Lottery:
ldentical clumps tracking the smooth halo

M

Julien Lavalle, LPSC Grenoble, 05/11/2009 — p. 24



Computing the odds of the Galactic Lottery:
ldentical clumps tracking the smooth halo

M

Boost for antimatter CRs

G

Long believed to be simple rescaling of
fluxes ...

This picture is wrong . Due to
propagation effects, boost is a
non-trivial function of energy  (J.L,
Pochon, Salati & Taillet, 2006).

Variance depends on the number of
clumps within the volume bounded by
diffusion length A p: increases when the
population when \p decreases

(~ 1/ V Netr).

The recipe applies to any kind of
sources

Predictions for N-body-like models ?7??

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

34

30

28

26

24

22

R0

18

16

14

12

10

[ R AV e ]

J. Lavalle, J. Pochon, P. Salati & R. Taillet (2006)
T T T T T T T T T

F ' ' T T |
- NFW DM Halo — p < 1/r

:_ ascalle - 25 [kpC]

— Clump Fraction f = 0.2 B

=~ B, = 100 max

E_ Z Bmin |
- M_=10% M, _
- —— M _=10° M, ]
— M_ =106 M,

1 10 100

Positron Energy E at the Earth [GeV]
Lavalle et al,

saien (A AO2AZOX doos _p 25



Cosmological sub-halos:
Results of the state-of-the-art N-body experiments

M

Julien Lavalle, LPSC Grenoble, 05/11/2009 — p. 26



Cosmological sub-halos:
Results of the state-of-the-art N-body experiments

M

. [cored isothermal — smooth-like]

©  Spherical inner profile(s) for clumps

N-body results as input ingredients , and al- NFW vs cored isothermal
. S0°E
lowed [rangeS] ) 8 E Space distribution of clumps
= L _
© Mass distribution : =0F N
.. al> r — Cored isoth
minimal clump mass M in AN
[10° — 10~ 5 M),
logarithmic slope ay, [1.8-2.0] 10°
© Spatial distribution : 07k

ox r~ 7, with v €[NFW-Moore]=[1,1.5] 10
and concentration [Eke etal 01 -Bullock
et al 01] 100 1 10 10°

radius [kpc]

Julien Lavalle, LPSC Grenoble, 05/11/2009 — p. 27



Results for e* and p using different models

of N-body-like clumps
M

Next slides: (i) Fluxes — smooth & clumps (ii) Boosts

Positrons:

6 Source: injection of a 200 GeV line
Antiprotons:

© Source: flat spectrum (1/GeV)
Both:

© Assume annihilation rate of m, = 200GeV
and (ov) = 3 x 1072%cm? /s

© Spectra between 0.1-200 GeV

Julien Lavalle, LPSC Grenoble, 05/11/2009 — p. 28



Primary fluxes for a 200 GeV e line / antiprotons

Configurations: M, = 107%]10° Mg, am = 2.0, inner-NFW,
BO1,
smooth-like space distribution (imooth = NFW)

2slsrlGeVy

d@/dT [cm~

E Fiducial WIMPs with m _ = 200 GeV E L .

C X % C Fiducial WIMPs with m = 200 GeV

L _ O L

. f b " 10 — _

10 E p ( rom ) HL 10 E oo p (from b)

- —  e'(line 0w r .

- (line) e — &' (line)

m 7
PP S - N %_\
- __,,——"___— -\":::I::\ E e e
S Igl L N ¢

10° - \. —10°F

= ©

- S |

B o] L
0 E_ Contributions 0 E_

C C Contributions
10" = smooth halo onl 10" =

= y E —— smooth halo only
101 +10°Mg,, sub-halos ( * 50) 101 —— +10°M,, sub-halos ( * 50)
10.12_ | I I | | | IIIIII| | | |IIIII|l 10-12_ | | | | | IIIIII| | | IIIIII|I:

1 10 10° 1 10 10°
T [GeV] T [GeV]

Lavalle, Maurin et al — A&A 429, 427 (2008)
Lavalle, Nezri et al — PRD 78 (2008)
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Boost factors for a 200 GeV e™ line / antiprotons
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10

Boost factors for a 200 GeV e™ line / antiprotons
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Small concentration models favored !!!
(e.g. Neto et al (2007), Springel et al (2008) — Aquarius)
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Going farther :
3D map of DM density from N-body simulations
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Going farther :

3D map of DM density from N-body simulations
(PRD 78 (2008) M

Lavalle, Nezri, Ling, Athanassoula &

_ Athanassoula, Ling, Nezri & Teyssier
Teyssier)

(arXiv:0801.4673)
©® N-body data from the HORIZON
Project (Teyssier, 2002) —
Myes = 10Mg ; Lyes = 200 pc

©  Analysis already made for ~-rays
(arXiv:0801.4673) — but not as good
as Diemand et al(2008) or Springel et
al (2008)

© 15t trial for GCRs: study of the effects
due to actual density fluctuations and
departure from spherical symmetry

Log, p(r) (Msun pc~?)

Results: ~ 1-2 order of magnitude un-
certainty on antimatter flux (local density
fluctuations or asphericity), but still be-
low the data: no excess expected below
100 GeV.
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(PRD 78 (2008)

Lavalle, Nezri, Ling, Athanassoula &
Teyssier)
© N-body data from the HORIZON

G

Results:

Project (Teyssier, 2002) —
Myes = 10Mg ; Lyes = 200 pc

Analysis already made for y-rays
(arXiv:0801.4673) — but not as good
as Diemand et al(2008) or Springel et
al (2008)

15 trial for GCRs: study of the effects
due to actual density fluctuations and
departure from spherical symmetry

~ 1-2 order of magnitude un-

certainty on antimatter flux (local density
fluctuations or asphericity), but still be-
low the data: no excess expected below
100 GeV.

Going farther :
3D map of DM density from N-body simulations
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Going farther :

3D map of DM density from N-body simulations

(PRD 78 (2008)
Lavalle, Nezri, Ling, Athanassoula ¢
Teyssier)

©® N-body data from the HORIZON
Project (Teyssier, 2002) —
Myes = 10Mg ; Lyes = 200 pc

©  Analysis already made for y-rays
(arXiv:0801.4673) — but not as good
as Diemand et al(2008) or Springel et
al (2008)

©  15% trial for GCRs: study of the effects
due to actual density fluctuations and
departure from spherical symmetry

Results: ~ 1-2 order of magnitude un-
certainty on antimatter flux (local density
fluctuations or asphericity), but still be-
low the data: no excess expected below
100 GeV.
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Going farther :

3D map of DM density from N-body simulations

(PRD 78 (2008)
Lavalle, Nezri,
Teyssier)

Ling, Athanassoula ¢

©® N-body data from the HORIZON
Project (Teyssier, 2002) —
Myes = 10Mg ; Lyes = 200 pc

y axis [kpc] - N-body frame

©  Analysis already made for ~-rays

(arXiv:0801.4673) — but not as good
as Diemand et al(2008) or Springel et
al (2008)

15 trial for GCRs: study of the effects
due to actual density fluctuations and
departure from spherical symmetry

Results: ~ 1-2 order of magnitude un-
certainty on antimatter flux (local density
fluctuations or asphericity), but still be-
low the data: no excess expected below
100 GeV.
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Going farther :

3D map of DM density from N-body simulations
(PRD 78 (2008) M

Lavalle, Nezri, Ling, Athanassoula ¢
Teyssier)

©® N-body data from the HORIZON
Project (Teyssier, 2002) —
Myes = 10Mg ; Lyes = 200 pc

©  Analysis already made for y-rays
(arXiv:0801.4673) — but not as good
as Diemand et al(2008) or Springel et
al (2008)

©  15% trial for GCRs: study of the effects
due to actual density fluctuations and
departure from spherical symmetry

Results: ~ 1-2 order of magnitude un-
certainty on antimatter flux (local density
fluctuations or asphericity), but still be-
low the data: no excess expected below
100 GeV.

Earth at different 3 positions (8 kpc)

y axis [kpc] - N-body frame

frame

Earth at 100 di‘fferent%géifions (8kpo)
et fluxes

y frame

iy
o‘
&

T 1
| & Fiducial WIMPs with m , = 200 GeV
10"
‘-.(P' XX— e e
-2
Qnw = CAPRICE 94
S 3
o 10 ot t0 s HEAT 94-95
N Fi‘.“'—ﬁt?é'.é'ﬂi
£ 10 : l RS * AMS 01 |
& l J.fT:’ mi_ ‘—‘—L‘—‘M
TTECH R
©
=2
©

=
S
5

-
o.
&

100 Earthes in a HORIZON Milky Way
p,,, 0[0.2,0.4] GeV.cm ™

-3
— Py, J[0.2,0.4] GeV.cm

------- Horizon best fit profile

-
o‘
©

=

o\
o
S

N

o
o
=

i

<
N
)

IIIIIII| 1 IIIIIII| 1 IIIIIII|
10" 1 10 10

E [GeV]

[ |
-15
-20 - &
1|

1 I 1 1 1 1 ‘ 1 1 1 1 ‘ 1 1 1 1 ‘ 1 1 1 1 I 1 1 1

0 5 10

Julién Lavalle, ’PSC Grenoble, 05/11/2009 — p. 32
z axis [kpc] - N-body frame

density projection alongz  [I[-4,4] kpc



Going farther :
3D map of DM density from N-body simulations
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(PRD 78 (2008)
Lavalle, Nezri, Ling, Athanassoula ¢
Teyssier)
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Going farther :

3D map of DM density from N-body simulations

N-body data from the HORIZON
Project (Teyssier, 2002) —
Myes = 10Mg ; Lyes = 200 pc

Analysis already made for y-rays
(arXiv:0801.4673) — but not as good
as Diemand et al(2008) or Springel et
al (2008)

15 trial for GCRs: study of the effects
due to actual density fluctuations and
departure from spherical symmetry

Results: ~ 1-2 order of magnitude un-
certainty on antimatter flux (local density
fluctuations or asphericity), but still be-
low the data: no excess expected below
100 GeV.
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3D map of DM density from N-body simulations
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3D map of DM density from N-body simulations
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CAVEATS: too simplistic galaxy model
M

Rotation curves with baryon contribution subtracted
(Englmaier & Gerhard 2006, Bissantz & Gerhard 2002)
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Cosmic Rays:

the necessity/tools to understand the backgrounds
- -

Sources [ Transport / Backgrounds
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Summary
M
Dark Matter: alink between LHC physics, astrophysics and cos __mology
 Antimatter cosmic rays are ineresting messengers fo study __new physics |

On the positron fraction

Standard sources are enough

Dark matter may contribute, but needs very specific properti es (strong couplings to
leptons, Sommerfeld enhancement)

Nearby dark sources or clumpiness enhancement are disfavor ed

Need much better precision in the predictions of both exotic and standard signals

Propagation a the key ingredient

Need much better constraints on propagation parameters: PA MELA, Fermi results (e.g.
CREAM, AMS-02 later)

ficy
N |

Complementarity with other messengers (-, p) and detection methods!
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Backup
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