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The Dark Matter problem

connecting cosmological to microscopic scales
= ._-_.li!‘_.-.ll"-""'
Cosmological data (WMA P et i .‘

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 x (ov) > géw

DM couples to standard matter
(direct detection)

Annihilation in high density re-

_ o _ http://lappweb.in2p3.fr/~taillet/
gions (indirect detection)
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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)
(v-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 e Nl
masses) i | <1 s O

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 [T~ (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:
— 171~ (60%), up q7 (35%)

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

©  Other (minimal) models
Inert doublet model, little Higgs, light DM, etc.
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Indirect detection of Dark Matter

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

nomical device

Pic_tu;e by 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
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L Dark Matter

d clusters O f
geans of astro-

Non-baryonic D}
made of exot]
nomical devj

Bpl'inl>< < ov >

o 2
87TmX

0

y)

dN)riln S,
G(Zo, E — &g, Es)* pay (£s) JIT /D
A 5‘

*

2 by P. Salati

~vand v: tre
to the observe

density regions

Antimatter cosmic T8
magnetic turbulences
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background predictions

~vand v: tre
to the observe

Antimatter cosmic T8
magnetic turbulences

L Dark Matter

d clusters O f
geans of astro-

Bprinl>< < ov >

2
X

o

8Tm

dN. rim ;
G(Zo, E — &g, Es)* pay (£s) d; /S
S

Dark matter distribution
Prescriptions from N-body cosmological simulation 2
Found to not be smooth: clumpiness effects ? & by P. Salat

Propagation Green function density regions
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b

ackground predictior

|

o(e”) / (o(e”)+ o(e))

d clusters O f
geans of astro-

Positron fraction

T T T

PAMELA collab., arXiv:0810.4995

® PAMELA

|r|] T T T T T T

to the observe

Antimatter cosmic |
magnetic turbulences

10

1 IUPMHMLIUII Iwowll 1TUulivuvili

Energy (GeV)

2 by P. Salati

100

density regions
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d clusters If
geans of astro-

Baltz & Edsjo, 98
Boost factor of 55

b

|

Positron fraction, € / (6" + €)

ackground predictior

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

- = HEAT 94+95 - S'Egaj thkg |

—— BKkg. only fit

=
o

(d) Example 4

.........

.....
- -
-~

- m, =1303GeV
© k=546
- X¥7=135

10 10°
Positron energy (GeV)

2 by P. Salati

® ~and v: trY

to the observe density regions

® Antimatter cosmic |
magnetic turbulences
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PAMELA: to predict the

et fraction, we need e S|

I__“.'..-‘_-...________-..“-___‘_.ﬂ....q...h,.._,gh.a-"

The Alpine connection et background

(Annecy & Torino)
Delahaye et al, arXiv:0809.5268

=
o
[N

[y

Secondary e " flux

=
S,
[

[8° d@/dE [cm “sris1GeV

" CAPRICE 94

A HEAT 94-95

10!

Propagation

positron fraction e */(e’+e)

e’ fraction (hard e ~ spectrum)

MIN
Propagation
102 |—
- ® HEAT 94-95 MIN
— MED -
- O HEAT 00 — MED
. ® AMS1 07 MAX
MAX L * PAMELA 08 MS98
| IIIIIII| | 1 1 10-3I| | | IIIIII| | | IIIIII| | | |
10° 1 10 10°
E [GeV] E [GeV]
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PAMELA: to predict the

et fraction, we need e S|

I__“.'..-‘_-...________-..“-___‘_.ﬂ....q...h,.._,gh.a-"

The Alpine connection et background

(Annecy & Torino)
Delahaye et al, arXiv:0809.5268

=
o
[N

=

Secondary e " flux

=
S,
[

[8° d@/dE [cm “sris1GeV

" CAPRICE 94

A HEAT 94-95

10!

Propagation

positron fraction e */(e’+e)

e’ fraction (soft e ~spectrum)

MIN
Propagation
102 |—
- = HEAT 94-95 MIN
— MED -
- O HEAT 00 — MED
| ® AMS107 MAX
MAX . * PAMELA 08 MS98
| IIIIIII| | 11 10-3I| | | IIIIII| | | IIIIII| | | |
10 1 10 10
E [GeV] E [GeV]
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PAMELA: single local dark source ?

M

IMBH solution ...
Bringmann, Lavalle & Salati (in prep)

"T BUNK You SHoup ec MORE "1 BUNK Nou fHoup ee MORE
EXPLIAT HEZE N STEP TWO, EXPLIAT HECE ™ STEP T,
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PAMELA: single local dark source ?

M

Appealing solution from  pulsars ...
Boulares (1989), Grimani (2001-2007), Hooper et al (arXiv:08...)
but no consistent predictions at the moment

"T BUNK You SHoup ec MORE "1 BUNK Nou fHoup ee MORE
EXPLIAT HEZE N STEP TWO, EXPLIAT HECE ™ STEP T,
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The Clumpiness issue

M
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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 >2

(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, LPNHE Paris, 04/XI1/2008 — p.10/51



Inhomogeneous halo
and boosted annihilation rate

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

simulations of hierarchical formation of

e structures (in the frame of ACDM)

If unclurhpy: |

amooth ¢ = . Annihilation rate is increased in a
| P (@) = p(D)

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

_ Otherwise: . .
1 . . (Silk & Stebbins ApJ’93)
pom (&) = (1 = fp(@) |
+ 5N Moy x 83(% — &) | © The boost factor to the annihilation rate is
: related to the2 statistical variance via

. <ndm>

Effective boost2 SN g ‘ Bann ~ T
_|_ 7 cl,1 i

Beff%(l—f)

¢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)
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Gamma-rays versus antimatter cosmic rays

M

Pic_tu}e by 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, LPNHE Paris, 04/XI1/2008 — p.11/51



Sub-TeV Cosmic ray propagation in the Galaxy

Julien Lavalle, LPNHE Paris, 04/XI1/2008 — p.12/51



Sub-TeV Cosmic ray propagation in the Galaxy

= O mm—— e

cf. e.g. Berezinsky (1990)

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

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

©  free parameters :
K(E)7 L7 R7 VC') VA

....... (Figure by D. Maurin)
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Sub-TeV Cosmicfay propagation in the Galaxy

= — E— __— - e

cf. e.g. Berezinsky (1990)

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

© Gaseous disc (h fv 0.1kpc) :
spallation + convedti '
down.

©  free parameters :
K(E)7 L7 R7 VC') VA

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

Oy = QE, Z,t) + { }j—g - {%(i—f - aEE2KppapE—2)}g—g

Energy losses and reacceleration :
Inverse Compton on IR and CMB
+ synchrotron

+ Bremsstrahlung

+ Adiabatic losses

source :
injected spectrum

Uncertainties and degeneracies in parameters (Maurin et al 01)

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

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

survey larger volume at high
energies

Ay /L

10

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

| IIIIIII|| | IIIIIII| | IIIIIII| | 11 11119

10" -
10

10° 102 10"

[ED/ESfore Jor[E/E __ for P ]
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Energy-dependent diffusion scales for

et and p

eT’s lose energy :

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

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

survey larger volume at high
energies

araGteristic diffusion length (for L = 4 kpc)
R amproton [E =1 TeV]

| IIIIIII| | IIIIIII| | 11 11119

10" -
10

10°

102 10™

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

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

survey larger volume at high
energies

Signal fraction f

10—

Delahaye et al (arXiv:0809.5268)

Signal fraction

— E=0.1GeV

.......... E =10 GeV
----- E =100 GeV
----- E =500 GeV

1 10

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



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 _|st_2:1:@|
D

with \p = \/4KoAt = f(Es, Ep)

O

— Detection volume scaling a )
sphere of radius \p @190 Gev Fart

«— 2x R=40kpc —

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

@150 GeV

| Q10 GeV 1
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Two main approaches for clumpiness

M

Small number of objects

© Make sure that your scenario does not involve many other objects likely to
contribute to the signal

©  Search for isolated objects: OK if locations are known (DSPh), otherwise
guantify probability wrt theoretical spatial distributio n — needs of
large fov experiments

©® 1If unknown, make a bet on the location, compute the fluxes, and send
your predictions to the International Galactic Lottery

Large number of objects

© Perform a statistical analysis, taking into account the whole phase
space properties (PDFs)

© Give predictions associated with systematic/statistical unce rtainties :
this provides indications on the best places to search for signat ures

Julien Lavalle, LPNHE Paris, 04/XI1/2008 — p.17/51



A single nearby source: Play the Galactic Lottery

M

+e)

I(e”

+

o
o P
- ~

positron fraction e

0.06

0.04

0.02

m =50 GeV

LzP

(mKK =6TeV)

Primary contribution
Background from MS98

Total
= HEAT data

Closest clump at ~0.5 kpc
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A single nearby source: Play the Galactic Lottery

M

+e)

+/(e+

o
[y
N

o
a

positron fraction e

0.06

0.04

0.02

m = 50 GeV

(mKK =6TeV)

Primary contribution
Background from MS98

Total
HEAT data

Closest clump at ~0.25 kpc
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A single nearby source: Play the Galactic Lottery

M

0.16

?'q? —— Primary contribution
+ Background from MS98
QLo1a
+ Total

()] = HEAT data

c 0.12

i

s

Q Closest clump at ~0.12 kpc
© o1 _ P P

[ S —

- /|

o

S

=008

)

o

o /\

0.06

0.04

0.02
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A single nearby source: Play the Galactic Lottery

M

0.16

(_q;)\ m ,, =50 GeV —— Primary contribution
* (M =6 TeV) Background from MS98
30.14
+- Total

Q = HEAT data

c 0.12

9

3] clump at ~0.06 kpc
© o1

[ S—

c

(@]

S

=008

)

o

Q

0.06

0.04

0.02
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A single nearby source: Play the Galactic Lottery

M

016 . A
(o) m, ., =50 GeV Primary contribution
+
+ - Background from MS98
30.14 —
£ r Total
» - = HEAT data
c 0.12 _—
o L
3] ~ Closest ¢lump at ~0.06 kpc
© o1} Spst giump .06 kp
Y -
c -
(@] L
| —
= o008—
7)) L
o L
o L
0.06 |—
0.04 —
0.02 u \
| | I I | I| | | | 1 11 I| | | |
1 10 10°

HOW PROBABLE IS THAT ?777?
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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 ==\ — —
I(L,ZC) — W(L,ZC) — N() X %(SE) X 2—72(11,:6)

PDFs allow to compute and associated
SIEUSEIRVEER (SIS for some physical quantities
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Many-object method:
Connecting primary fluxes to the main quantities

M

A general expression for the primary flux from a single clump  reads:

i (E,Te) =85 X & X G,(F, 7o « ;. Fg)

Particle physics factor: © Propagation (GCRs) or dilution (y-rays):
_ 6 o P 2
S_47r<2v>(7r?) f(E')
. oy - . gi;ﬁ (E’\/’qub) X — /7_, 2
Effective annihilation volume Am|Z; — T
(internal clump properties) Gi cn(E) /dES G(E, To — Eg, i) x f(Eg)

= sz‘ A (%@f))Q

In a many clump scenario, ¢; is a stochastic variable !

PDFs of £ and G translate to the PDF of ¢ = Compute (¢'0") and T gtot
Il

dP 2P dP dP
— = (£.6) ~ — (@) x — =
@ dV d§ av d§

ot = S ¢y = ad X () = N X Sx(Ex0G) m Ng xS x (€) x{(0)
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Computing the odds of the Galactic Lottery:
ldentical clumps tracking the smooth halo

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

M

Boost for antimatter CRs : a4 . I ILe:va]]e, J. Pochon, P. Salati & R. Taillet (2006)
© Long believed to be simple rescaling of ~ %} NFW DM Halo = p =« 1/r
fluxes ... & 905 agq = 25 [kpc]
© 28
©® This picture is wrong . Due to ® 26 Clump Fraction f = 0.2 -
propagation effects, boost is a » 2p B = 100 e
non-trivial function of energy  (J.L, v “F E
Pochon, Salati & Taillet, 2006). ° o .
o 18 =
® Variance depends on the number of 5 1¢F B
O o o’ min
clumps within the volume bounded by &€ "¢
. . . w 1R
diffusion length Ap: increases when the s |
population when \p decreases ; 6 b M_=10* M, 1
(~ 1/+/Negt). g o —— M_=105 M, t
S 4fF —— M =108 M 3
©® The recipe applies to any kind of - b : ©
sources oF e N
1 10 100
©  Predictions for N-body-like models ??? Positron Energy E at the Earth [GeV]
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Cosmological sub-halos:
Results of the state-of-the-art N-body experiments

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

M

N-body results as input ingredients , and al-
lowed [ranges] :

©® Mass distribution
minimal clump mass Myin
[106 — 10~ Me)],
logarithmic slope an, [1.8-2.0]

© Spatial distribution
. [cored isothermal — smooth-like]

©  Spherical inner profile(s) for clumps
o r~ 7, with v €[NFW-Moore]=[1,1.5]
and concentration [Eke et al 01 — Bullock
et al 01]

dn(M) / dlog M [(h™*Mpc) ™3]

Diemand et al (2005)

10

16

13|

12]

1f
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Cosmological sub-halos:
Results of the state-of-the-art N-body experiments

M

N-body results as input ingredients , and al-
lowed [ranges] :

©® Mass distribution
minimal clump mass Myin
[106 — 10~ Me)],
logarithmic slope an, [1.8-2.0]

© Spatial distribution
. [cored isothermal — smooth-like]

©  Spherical inner profile(s) for clumps
o r~ 7, with v €[NFW-Moore]=[1,1.5]
and concentration [Eke et al 01 — Bullock
et al 01]

NFW vs cored isothermal

r.},—10'3 E
o Space distribution of clumps
g- 4 i — NFW
Q_|> — Cored isoth
Ol
10°E
10°E
107
10%
10°
- ‘ | \\\\\H‘ | \\\\\H‘
10 10 | | | 1111
10" 1 10 10?

radius [kpc]
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Cosmological sub-halos:
Results of the state-of-the-art N-body experiments

M

N-body results as input ingredients , and al- EROL, ~ 0.1 x €801~ 10 x ¢RRSO!
lowed [ranges] :

© Mass distribution : ST e
minimal clump mass Myin A & moors | R
77777 EensOllRef

[10° —107%Mg], wE L

logarithmic slope an, [1.8-2.0]

© Spatial distribution
. [cored isothermal — smooth-like]

©  Spherical inner profile(s) for clumps
o r~ 7, with v €[NFW-Moore]=[1,1.5]

and concentration [Eke et al 01 — Bullock M., (solar unit)
et al 01]
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Draw me a clumpy sheep

Some statements: M

©®  Any Sub-halo forms when the Universe is
matter-dominated, when an overdensity

collapses (a fluctuation of the critical oh
. .. . . O 10°E , . .
denS|ty at this tlme): its characteristic _% : Concentration effect on the density profile
density is larger when it has formed 3 F Sub-halo of 10 ° M-
earlier. = _ NFWwithc =100
= E — NFWwithc . =10
— Q_ — vir
© It can be (very roughly) modelled as a e N N Peun
spherical object, with typical power law 1093
density profiles (r—7, withy ~ 1 — 1.5 up g
to a scale radius) YE
= . . L s N N
©  The concentration is a key parameter -
. e 10° =
Some definitions: g
- . R 10° -
©  Concentration: cyi, = . F
o 10*
. . 2 EI IIIIIII| | IIIIIII| | IIIIIII| | IIIIIII| | IIIIIII| L1111
©®  Luminosity volume: ¢ = fv N (p;—gb) 10° 10° 10° 10° 10? 10° 1
su

radius / virial radius
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Draw me a clumpy sheep

Some statements: M

©®  Any Sub-halo forms when the Universe is
matter-dominated, when an overdensity

collapses (a fluctuation of the critical o F
. . . . " " O B i

density at this time): its characteristic g | Concentration effecton ¢

density is larger when it has formed o f

earlier. (\liolg—
- Q r
© It can be (very roughly) modelled as a —.

spherical object, with typical power law 2 -

density profiles (»—7, with vy ~ 1 — 1.5 up ,Igm@' _

to a scale radius) wooE
P ) ) 10% - !
©®  The concentration is a key parameter S Sub-halo of 10 ® M,

B —— NFW withc ., =100
Some definitions: 10° - — NFWwithc , =10
5 i i N 43 ur?
® Concentration: cj, = vir N "
r—2 10° -
- . . 2 E | IIIIIII| | IIIIIII| | IIIIIII| ,'III IIIIIII| | IIIIIII| L 1Ll
©®  Luminosity volume: ¢ = fv N (p;—gb) 10° 10° 10° 10° 10? 10° 1
su

radius / virial radius
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Results for e* and p using different models

of N-body-like clumps
M

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

Positrons:

© Source: injection of a 200 GeV line
Antiprotons:

© Source: flat spectrum (1/GeV)
Both:

& Assume annihilation rate of m, = 200GeV
and (ov) = 3 x 107%%cm? /s

6 Spectra between 0.1-200 GeV
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Primary fluxes for a 200 GeV e line / antiprotons

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

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

% C X % C Fiducial WIMPs with m = 200 GeV

Q | — O I
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10.12_ | 111111 | | IIIIII| | | |IIIII|| 10-12_ | 11 1111 | | IIIIII| | | IIIIII|I:
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Lavalle, Maurin et al — A&A 429, 427 (2008)
Lavalle, Nezri et al - PRD 78 (2008)
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B for e

10

Boost factors for a 200 GeV

et line / antiprotons

M

Extreme configurations

cored/smooth-like space distril?ution (smooth = NFW)
o

Max, Inter and Min boost configurations
- Min: cored, inner NFW, Mmin = 106, a=1.8
- Inter: NFW, inner NFW, M _ =107, a0 = 1.9

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

10 10°

E [GeV]

10

Mpin = 107910 Mg, am = 1.8]2.0,
inner-NFW/Moore, BO1/ENSO1,

10°

Max, Inter and Min boost configurations
- Min: cored, inner NFW, Mmin = 106, a=1.8

- Inter: NFW, inner NFW, M = 10% a =19

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

| I | |
1 10 10°

T [GeV]

Lavalle, Yuan, Maurin & Bi — A&A 429, 427 (2008)
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B for e

10

Boost factors for a 200 GeV

et line / antiprotons

M

Small concentration models favored !!!
(e.g. Neto et al (2007), Springel et al (2008) — Aquarius)

Boosts ~ I1 more likely
o

Max, Inter and Min boost configurations
- Min: cored, inner NFW, Mmin = 106, a=1.8
- Inter: NFW, inner NFW, M _ =107, a0 = 1.9

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

10 10°

E [GeV]

S
O
Y—

Y—
fy

(*]

o0

10

Max, Inter and Min boost configurations
- Min: cored, inner NFW, Mmin = 106, a=1.8
- Inter: NFW, inner NFW, M_ =107, a = 1.9

------------- Max: NFW, inner Moore, M__ = 10%a=2

| I | |
1 10 10°

T [GeV]

Lavalle, Yuan, Maurin & Bi — A&A 429, 427 (2008)
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Propagation effects on boost factors

1-‘.-lll-1lll--I--Il----'-.-'q‘.I"-"LF‘-#r:

Mmin = 107%Mg, am = 1.9, inner-NFW, BO1, cored space distri-
bution, min, med and max propagation sets of Maurin et al 01

Varying propagation

Varying propagation

B for p

| | IIIIII| I | IIIIIII| I

10° 10 1 10 10°

E [GeV] T [GeV]
Lavalle, Yuan, Maurin & Bi — A&A 429, 427 (2008)
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Going farther :
3D map of DM density from N-body simulations

M
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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.

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

(PRD 78 (2008) i e

Lavalle, Nezri, Ling, Athanassoula &
Teyssier)

6 N-body data from the HORIZON Different spherical fits give  ~ the same fluxes

Project (Teyssier, 2002) — CAPRICE 94
Myes = 106M@ : Lres = 200 pc ::I\Eﬂgoslm-gs
©  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 S e(ufzj) ;':;ZOT, D:MOZZPGGV,Cms \\\\
due to actual density fluctuations and 1: Best fit (0.4,3.7,0.25) R _ = 13 kpc
departure from spherical symmetry 1o NFW LR = 10kpe
I Cored isoth. fit (0.5,3.3,0) R . =4.5 kpc
Results: ~ 1-2 order of magnitude un- A BT R R

10? 1 10 107

certainty on antimatter flux (local density E [GeV]
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) Earth at different 3 positions (8 kpc)
Lavalle, Nezri, Ling, Athanassoula & ¢ . g
Teyssier)

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

y axis [kpc] - N-body frame
x axis [kpc] - N-body frame

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

y axis [kpc] - N-body frame

al (2008) o 0 i_
:
© 15 trial for GCRs: study of the effects g = 1>
due to actual density fluctuations and z °F l‘
departure from spherical symmetry g h
Z o~ 12
Results: ~ 1-2 order of magnitude un- s b 18
certainty on antimatter flux (local density - 05
fluctuations or asphericity), but still be- :
low the data: no excess expected below -
100 GeV. S ok

| | | | | | | | |
0 s % julien Lav&lle, LPNHE Paris, 04/X11/2008 — p.30/51
z axis [kpc] - N-body frame



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

©  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

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.

M
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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

©  Analysis already made for v-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

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) —ggriin—a

Lavalle, Nezri, Ling, Athanassoula & g.. o :
Teyssier 3 o i ey " a '
y ) g F Earth at 100 different positions (8 kopc) bl
© N-body data from the HORIZON g —0 p fluxes |
Project (Teyssier, 2002) — g Em Fiducial WIMPS with m = 200 GeV }
Myes = 106M@ ; Lres = 200 pc o H'u; o M7 L :EE: 22-97 -
- HL - ® BESS 99
©  Analysis already made for y-rays M w: o jeiode:
(arXiv:0801.4673) — but not as good S S " AMSOL L
as Diemand et al(2008) or Springel et %wﬂ ©
al (2008)
© 15t trial for GCRs: study of the effects a0 EaTInES I A HORIZON Milly Way
. . e 0[0.2,0.4] GeV.cm
due to actual density fluctuations and 10% Par DEOZOJG e
. — Py, .2,0. eV.cm
departure from spherical symmetry e Horizon best it profie
Results: ~ 1-2 order of magnitude un- 10-144 L v vl
certainty on antimatter flux (local density T [GeV]
fluctuations or asphericity), but still be-
low the data: no excess expected below
100 GeV. et
0 s % julien Lav&lle, LPNHE Paris, 04/X11/2008 — p.30/51
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Going farther :

3D map of DM density from N-body simulations

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

Athanassoula &

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

©  Analysis already made for v-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

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

©  Analysis already made for v-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

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,
Teyssier)

Ling, Athanassoula &

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

©  Analysis already made for v-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

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.

Going farther :
3D map of DM density from N-body simulations
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x axis [kpc] - N-body frame
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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

©  Analysis already made for y-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

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

©  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

©  Analysis already made for v-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

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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CAVEATS: too simplistic galaxy model
M

Rotation curves with baryon contribution subtracted
(Englmaier & Gerhard 2006, Bissantz & Gerhard 2002)
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Lavalle, Nezri, Ling, Athanassoula & Teyssier — arXiv:0808.0332
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Differences with ~-rays ?

M
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Sub-halos and ~-rays

Boost for ~-rays (stuM

L. Bergstrom, J. Edsjo, P. Gondolo and P. Ullio, 1998

= | | |
©  Factor to the smooth flux  which "’; 10 % @) Navarmo et al: b) Isothermal sphere: |
depends on the angle between GC & | nosewen ongeven ]
direction and line of sight (cf. Bergstrom et Sl N o
al, 1998) ; main effects at high latitude \IZI;102
regions (see figure) : oL ;
©® Very small additional contribution to the L ]
smooth flux in the GC direction (cf. Stoerh A
et al (2004), Berezinsky et al 05 e w0 s @ 0
(2003-2008)) — but possibly large latitue b (deg)
contribution to the diffuse flux at high
latitudes.

©  Statistical M-C analysis by Bi (2006), Pieri
et al (2007)

© A very few objects could perhaps be
resolved with GLAST towards the anti-
center (Diemand et al, 2006 | see figure).
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Sub-halos and ~-rays

Boost for ~-rays (stuM

L. Bergstrom, J. Edsjo, P. Gondolo and P. Ullio, 1998

©®  Factor to the smooth flux  which °§ 10 % @) Navarmo et al: b) Isothermal sphere: |
depends on the angle between GC & | nosewen ongeven ]
direction and line of sight (cf. Bergstrom et e N o
al, 1998) ; main effects at high latitude \IZI;102
regions (see figure) : oL ;
®  Very small additional contribution to the L ]
smooth flux in the GC direction (cf. Stoerh oo ]

More quantitatively:

¢c1(>Fin) ~, _6x10"12
[Cm_Q.st_l] ~ (d/(1 kp(:))2 X N7<> Eth) X (

(ov)
3x10—26 cm3s—-

latitudes.

©  Statistical M-C analysis by Bi (2006), Pieri
et al (2007)

© A very few objects could perhaps be
resolved with GLAST towards the anti-
center (Diemand et al, 2006 | see figure).
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Primary e~s and e¢* from DM annihilation in clusters

M
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Primary e~s and e¢* from DM annihilation in clusters

Sunyaev - Zel'dovich effect
(e.g. 1972):

distortion of the CMB black-body
spectrum due to Compton
scattering with electrons in
clusters (independent on z)

dominant contribution from
thermal e—s

what about e/~ injected by DM
annihilation ?
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Primary e~s and e¢* from DM annihilation in clusters

M

Proposal by Colafrancesco
(2003-2007):

® relativistic calculation based on 1004 L ]
Birkinshaw (1999) and Wright
(1979) — inspired from n.oonk |
Chandrasekhar (1950) e
© the effect increases when the oy - I e
WIMP mass decreases E LU i oy = —— =
©® potentially observable with coming _ '_ ]
instruments (Planck) A Nao L . J
Preliminary from Boehm & Lavalle . |
(in prep) : 00041 |
©® new covariant method for r K 1n G, 278

relativistic cosmic rays

©® different predictions: no observ-
able effect
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Cosmic Rays:

the necessity/tools to understand the backgrounds
- -

Sources | Transport /| Backgrounds

GLAST
HESS I
HESsS II

Supar'bubbies Xy
‘P v ! et.
nr'hcle accelemh}

P

\If’hofnn emission

, SNRs, Shocks\

GLAST, HESSII
AS‘TQ ARGO
AMS-vy

Zomr v _—
modulation—CNG —~a« ACE

ANTARES
PAMELA % -

: rsr BESS
Adapted from Moskalenko et al. (2004) - AMS PAMELA
GAPS AMS
CREAM
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Summary
We derived a robust method to account for DM inhomogeneity pr operties :

Clump properties are still under debate, though their prese nce is now well accepted

Within the standard view of clumpiness, and constraints com ing from N-body
simulations, boost factors are too low to significantly enha nce the primary flux
This study somewhat demystifies the substructure effect for antimatter signatures

DM signatures more likely at high energies, if so (or anti-d a t low energy)

Renewed estimate of the positron background and uncertaint ies

Need for better constraints on propagation parameters: PAME LA results soon
(AMS-02 later)

Complementarity with other messengers (-, ) and detection methods!
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Backup
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Cosmic ray diffusion: Constraints

M

Secondary/Primary : I*Y + (p,He,...) — ... + II*Y (spallation). Better
knowledge of nuclear cross sections for B/C : usually used to fit the
propagation parameters

Maurin, Taillet et al., 2002

““““““‘L—{‘Lﬁ»““‘“““

,L=14,a=2.2,6=0.6
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| \\\HH‘ | \\\HH‘ | [N
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® \Voyager
*x |SEE
& ACE
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A HEAO-3

107 1
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Julien Lavalle, LPNHE Paris, 04/XI1/2008 — p.39/51



Propagators for e¢*/p

p (see e.g. Maurin et al 2001)

= exp Fvz
G (r2) = Q:KL 8 9
> e ' Ko(ry/k2 + k2) sin[ky, L] sin[ky, (L — 2)]
n=0

e’ (see e.g. Lavalle et al 2006)

2

5 A\ 0(7) r 1D/, A
g@(T,Z,T) — 47TK()72 exXp (_4[{0%) X g (Z7T)

with G1¥ image-like or Shrodinger-like depending on the source
location.
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Pure smooth flux:

gbsm(E,f@) x S X /

halo

37 G(Zp «— ) ¥ <

The Effective Boost factor

p(Z)

PO

y

tot

Bui(B) = (1 = fo)? + 25 ~

14+ Ngx <

§> 48 (7o)

Total sub-halo flux:

Statistical variance !:

¢

tot

cl

(B,75) o< Ny X Sx < € > x < G(Za «— T) >

(

O_tot

cl

;

2
e

2

g

<G>

T+t et

G>2 T o<ex>?
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Luminosity profiles: effects of

Qi

M

Luminosity profiles for different mass
ranges

dPy (1) dPp,

,CZ' ZN() X
dV

©  luminosity  local number of
annihilations

O N(> M) oc MP=m: if €
M?# and each decade of mass
contributes the same to the anni-
hilation rate when ay, — 8 = 1 (for
BO1, 3 ~ 0.9)

/Az':fi dog(m) dlog(m) N

L/Ly,
o

Luminosity profiles (f=0.13)
----- smooth (NFW)

»»»»»»»» subhalos (O cored r?)

— total

Range mass contribution
a,=1.9
10°-10° M,
- 10°%-1 M,

1 2 3 4 5 6
r/R

sol
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Luminosity profiles: effects of

Qi

M

Luminosity profiles for different mass
ranges

dP dPm
L; = Ng X v r)/ dlog(m)———&(m
A;=3 dlog(m)
©  luminosity  local number of
annihilations
O N(> M) oc MP=om: jf &€

MP#B and each decade of mass
contributes the same to the anni-
hilation rate when oy, — 8 = 1 (for
BO1, 3 ~ 0.9)

L/Ly,
o

101

1072

10

10

Luminosity profiles (f=0.09)
----- smooth (NFW)

»»»»»»»» subhalos (O cored r?)

— total
Range mass contribution
a,=1 8
10 -10° M.,
- 10%1 M,

[ T |>~;~-I_-—I-_I--]-.I_.-I'~I"’I"|‘-—I--l T

1

2 3 4 5 6
r/iR

sol
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Luminosity profiles: effects of

Qi

M

Luminosity profiles for different mass
ranges

dPy (1) dPp,

Ei ZN() X
dV

©  Juminosity o local number of
annihilations

O N(> M) oc MP=m: if €
M?# and each decade of mass
contributes the same to the anni-
hilation rate when ay, — 8 = 1 (for
BO1, 3 ~ 0.9)

/Az':fi dog(m) dlog(m) N

Luminosity profiles (f=0.34)
----- smooth (NFW)

------- subhalos ({ cored r?)

— total
Range mass contribution
a,=20
6 43
107107 My,
- 107-1 M,
3
1-10° M,
3 6
10°-10° M,
- 10%10° M,

1 2 3 4 5 6
r/ RSol
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10%

Luminosity profiles: effects of

dP/dV

M

Luminosity profiles (f=0.13)
----- smooth (NFW)

------- subhalos (O cored r?)

— total
Range mass contribution
a,=19
6 43
10_3-10 M.,
~10°-1 M,
3
1-10° M

sol

10°-10° M_,,
-10%10° M,

10

101

102

10

10

[ IIIIII| [ IIIIII| T 1 Illllll‘,»"

Luminosity profiles (f=0.13)

----- smooth (NFW)
......... subhalos (O psm(r))

— total
Range mass contribution
a,=1.9
6 43
10°-10™ M,
- 107-1 M,
3
1-10° M,
3 6
10°-10° M,
-10%10° M,
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©

Mass distribution

dPM :KM( M )_Oém

dM Mg
with ap, ~ 1.7 — 2.1 (Shaw et al, 2007), . Diemand et al (2005)
and Kr = f(Mmin, Mmax, am) allows 10 ' ' ' '
normalization to 1 in the mass range 10%1

The mass range ??? Mmax ~ 1019 Mg
Mpin = Mgs ~ 10712 — 10~4 depending
on the particle physics model (Profumo et
al, 2006). Diemand et al (2005) resolve
masses down to 10~%My at z = 26.
Survival to tidal stripping from GC ?

dn(M) / dlog M [(h™*Mpc) 3]
=)

10
Encounters with stars ? — M,,;, IS a free
. 10
parameter, lying between ~ 10—6 — 104 107 ¢
Ny fixed by number of well resolved 10’
objects in various N-body experiments: 10° | | | | | | | |
— 108 ~ _ _ _ _ _ _ _
Nyef (> Mo = 108 M) ~ 100 => 10° 107 10" 10°,10° 10 10" 10'
NO — f(Nreeref7 Mmina Mmax) M [h M ]

solar

The mass fraction depends on M,,;, and

Om
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Space distribution of clumps

M

The space distribution of clumps is found ~ —44°
to be well approximated with a spheri- '3
cal cored isothermal distribution  with j‘j

Space distribution of clumps

0—4;— — NFW
rp >~ 0.1 X R\};ir ~ Ts. %\r% ; —— Cored isoth

6 dPy(r) A2\ 10°
dnr2dr KV 1+ (H) -
where Ky normalizes the 10°
distribution to 1 within the halo -
. h —
extension R, . 107
©® Caution: many authors use the n
. . . -8 ——
same space distribution for the 10 -
smooth halo and clumps. There N
are arguments for very light 10°

clumps (Berezinsky et al, 2004), - | | |

M . . . -10 | I I I | I I I | I | |
but it is not seen is simulations 107 1 10 107

radius [kpc]
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Clump internal properties:
profiles and concentration models

Clump profile ~ NFW M

@  Virial radius given by mass: Colafrancesco et al (2005)
Rvir X Mvir1/3

E \‘ \‘ \‘ \‘ \‘ \‘ \‘ \‘ \‘ \‘ \‘ \‘ \‘ \‘ \‘ \‘ \‘ \‘ \‘ \‘ \‘ T
6 . : &) z=0
Scale radius rs fixed by the concentration G =1
parameter: 107 8 E
Corivn = Rvir — Rvir - \l/ _|
YT ezl I ]

vv Diemand et al.

©®  Concentration parameter given by
simulations:
Cvir = f(Myir)
2 extreme parameterizations: Bullock et al
(2001), Eke et al (2001) 10

Bullock et

Once the relation ¢y, — Myir IS known, clump

internal properties are fixed by its mass. - ——Bullock et al. / -
- ----ENS Tasitsiomi et al.
B(M) x M 0.9 Y Y Y Y Y Yy Y e e T
£ = —oc M for BO1 7. 5, 3, -1 3.5, 7.9 11 13 15
PO 10 10 10 710 © 10 10 10" 10 10 101010
dP; _ dPy M[h*M g
d& dM
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Clump internal properties:
profiles and concentration models

Clump profile ~ NFW m?‘ﬁ*ﬂ_—dﬂ#

©®  Virial radius given by mass:

Rvir X Mvir1/3 -] lE I
=
Y e b P
©® Scale radius 5 fixed by the concentraticR [
parameter: 1ot
Cr,: _— RViI‘ J— h E
VIir — - nfw C
-2 : Clump parameters
- : : i —--c_ e
©® Concentration parameter given by 102  rmak”
simulations: - p /o
- S S
Cvir = f(MViI‘) B _E/Emax
2 extreme parameterizations: Bullock et alo® = —B/B™
(2001), Eke et al (2001) -
Once the relation cy;; — My, iS known, clump _4__
internal properties are fixed by its mass. 10 F
B(M) x M i
E = (M) —ox MY for BO1 4% .
0] 10°10°10%10°10%10* 1 10 10? 10° 10* 10° 10° 10" 10° 10° 10"
dP AP M, [SOlar unit]
I M
dg dM
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Clump internal properties:
profiles and concentration models

Clump profile ~ NFW M

©®  Virial radius given by mass:

Ryir o< My '/3 2
8 € Ref =&
. MS 102 — nfw
©  Scale radius 5 fixed by the concentratiQ) £ Ref
parameter: L 991 Ret
Coiy = Dvir — Llvir " eneot
Vi r—2 'I”?fw o— E'moore / Ref

©®  Concentration parameter given by
simulations:
Cvir = f(Myir) d
2 extreme parameterizations: Bullock et al
(2001), Eke et al (2001)

Once the relation cyiy — My IS known, clumpio:
internal properties are fixed by its mass.

B(M) x M

£ = —voc M29 for BO1 102 WWW@WW@@WW@WWN
p® 10 100 107 10 10° 10 1 10 10° 10 10 10 10 100 10 10 10
AP APy M., (solar unit)
¢ dM
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Important features

M

Mg.b T Ts Ps Co £ B
(Mo) (kpc) (kpc) (M@ /kpc?) (kpc?)
107 2x107% 1.7x107% 4.1x10° 120 5.8x10712 46
1073 2x1073% 21x107° 2.3 x10° 98 35x107? 27
1 2x 1072 2.7x107% 1.2 x10° 77 1.9x107% 15
103 0.2 3.6 x1073 5.6 x 10% 58 9.8x 104 8
100 2 5.1 x 102 2.2 x 108 41 0.43 3
107 20 0.8 6.7 x 107 26 153 1

Table 0: Sub-halo parameters for different masses: virial
radius r,, scale radius r,, scale density p,, concentration
parameter c,, effective volume &, intrinsic boost B.
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Primary fluxes for a 200 GeV

et line / antiprotons

Mmin = 107°Mg, am = 1.9, inner-NFW vs Moore, B01, cored
vs smooth-like space distribution (smooth = NFW)

Varying sub-halo spatial distribution
- cored + inner NFW
- smooth NFW + inner NFW

.............. smooth NFW + inner Moore
—&«— smooth flux (med)

E [GeV]
Lavalle, Yuan, Maurin & Bi (arXiv:0709.3634)

1

sffor p

N
ou

[GeVicm=2sr-i

tot
_sub

Varying sub-halo spatial distribution
- cored + inner NFW
- smooth NFW + inner NFW

.............. smooth NFW + inner Moore

—&— smooth flux (med)

2

1 10 10

T [GeV]
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+

B for e

Boost factors for a 200 GeV e™ line / antiprotons

M

Mmin = 107°Mg, am = 1.9, inner-NFW vs Moore, B01, cored
vs smooth-like space distribution (smooth = NFW)

10— lo 10F
| Varying sub-halo spatial distribution 5 i Varying sub-halo spatial distribution
- S L
B - cored + inner NFW T - cored + inner NFW
— m —
- smooth NFW + inner NFW - smooth NFW + inner NFW
[ smooth NFW + inner Moore | G smooth NFW + inner Moore

IIIIIII| | IIIIIII| |
1 10 10°

E [GeV] T [GeV]
Lavalle, Yuan, Maurin & Bi | A&A 429, 427 (2008)

2

1 10 10

Julien Lavalle, LPNHE Paris, 04/XI1/2008 — p.49/51



Fluxes for a 200 GeV ¢ line / antiprotons

Mmin = 107°Mg, am = 1.9, inner-NFW vs Moore, B01, cored
vs smooth-like space distribution (smooth = NFW)

+ 1 o !
107 . e o w0 . e
O Varying sub-halo spatial distribution O Varying sub-halo spatial distribution
A I i P I i
: cored + inner NFW cored + inner NFW
0
(7)) 3 3
< 10 - smooth NFW + inner NFW 10 - smooth NFW + inner NFW
S .
I WHE smooth NFW + inner Moore W e smooth NFW + inner Moore
IE 10° —a— smooth flux (med) 10° —a— smooth flux (med)
(&)

[GeVicm=2sr-i

=
o

)

tot
_sub

10-12

2

1 10 10

T [GeV]
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Interesting WIMP candidates for detection with et

M

Interesting candidates for the e bump (spectrally speaking) are those vyielding
hard spectra:

© susy
Higgsino neutralino: W= production ( 7%)
Sneutrinos: W= production

©  Extra-dimensions

Universal Extra dimensions (B! LKP): non-suppressed couplings to
leptons, m ~ TeV

Warped-GUT extra-dimensions (RS, LZP): non-suppressed co  uplings to
leptons, m < 100 GeV
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Interesting WIMP candidates for detection with et

—

Model 2: m _, = 686 GeV
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