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Outline

General motivation: thorough study of the impact of subhalos

e Dark matter distribution 1n a Milky-Way-like galaxy in light

of recent N-body simulations:
Via Lactea II (Diemand et al) versus Aquarius (Springel et al)

e Implication for gamma-ray searches
 Implication for antimatter searches

e Conclusions & perspectives
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Via Lactea 11 versus Aquarius

Via Lactea II: Diemand et al (2008)

Aquarius: Springel et al (2008) http//wwwmpafamhmgmpgde/aquaHUS/
MW-like halos with ~ 1 billion particles of ~10° M_ 2%
> 50,000-300,000 subhalos with masses > 10° -10*° M o By

Slightly different cosmologies: WMAP3 vs WMAPS
((78 =0.74 vs 0.9)

http://Www._ucolic_:k_.org/~di_emanc&(I/ind‘ex.htmI

Gamma-ray studies in:

Kuhlen et al (2008) — VL2
Springel et al (2008) — AQ
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Limits of N-body simulations:
the smallest scales of DM structures

(see review by T. Bringmann (2009))

The free streaming scale depends on the
time of kinetic (# chemical) decoupling of
WIMPs from the primordial soup.

The weaker the collision rate, the earlier
the gravitational collapse, the smaller the
cut-off mass.

Subhalo mass down to 10"%-10° M_
(SUSY). The lighter the denser.

500 1000 5000

Tidal effects ? Large survival fraction o e [GeV]
(Berezinsky et al, 2008)
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Adding subhalos: a self-consistent method
(example for a spherical N'FW host halo)

(1) Global fit to the N-body simulation (eg NFW)

pvw (1) such that 47 / dr 2 pviw (r) = Muw

(11) Adding subhalos means splitting the global
fit into a smooth + clumpy components

Adding subhalos = pyw (1) = psm (7)) + Psun (1) WELTLERIR ) (1) # (1 — foup) pvw (7)

psm (1) such that 47 / dri "2/-'):;1-1-1 (r) 1 — foun) Muw s Ch At

/-)Sl,llﬁ)(f].i‘) such that 47 / dri Psub ( 1 ) — j sub M MW

(111) Use N-body prescriptions: subhalo distribution cored in the center.
in Via Lactea, antibiased relation: subhalo distrib oc r X global smooth distrib

| - oMW ( r ) ,}_...—1 for r s ry o~ T
Psm (f) — X

r=%  forr 21y~

Psub ( r ) - —3

‘ OMW (_' 7) (_' r / ) {(‘st for r <
_ ~

(L= r/m)

for r
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Adding subhalos: a self-consistent method

(example for a spherical N'FW host halo)

(1) Globalflttothe E T T T T TTT] NRR T ||||||d R R 15
- Pieri, JL Bertone & Branchlm (2009) =
pymw (1) such that 47 ™'F DMdensity -2
S = —  total =
10" = smooth 5
(i) Adding subhalos means splitting the glob RSt ' f_‘;brg!os -
Tt = T idal disr. S
fit into a smooth + clumpy components i 3
Adding subhalos = pyw (1) = pPsm (7) 31; — Via Lactea l 3
E =
4 = =
Psm (1) such that 47 / drr psm( ) = (11— fy 25107 L Aquarius .
Psub (7)) such that 47 / dr T‘stub(r) = far M = 'z o = E
' L 5
(ii1) Use N-body prescriptions: subha =T -
in Via Lactea, antibiased relatiorjiias=}
10° =
Dern (1) = paw (1) =
sm (1 - T’/T‘b) 102? ::
B L[ 11111l L[ 11111l | IIIIIII|§§ L1 11111l L1 11111l
10° 107% 10" 1 10 10°
paw (1) (1, ., . Rlkec]

Psub (7) —

(1 o T'/T’b) 173—3 for r z Py~ T
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Subhalo properties
(extrapolated from simulations down to 10'69\/[@ )

Concentration vs mass and location in the MW Averaged subhalo luminosity vs distance to GC

Subhalo model
Concentration models
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Profiles:
NFW for Via Lactea, Einasto for Aquarius

Spatial dependence:
concentration + tidal disruption
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Gamma-rays: the diffuse components (DM only)

Gamma-ray flux above 3 GeV (resolution of 9")
(40 GeV WIMPs going to b-bbar)

3 different contributions:

t  Pieri, JL, Bertone & Branchini (2009)
» The smooth Galactic DM halo : —— Via Lactea Il

— semi-analytical treatment ——  Aquarius
(e.g. Bergstrom et al, 1998)

Total
Smooth halo (MW)
Unres. subhalos (MW)

Extragalactic

» The Galactic subhalos:
— semi-analytical + MC techniques
(e.g. Bi, 2006; Pieri et al, 2008)

* The extragalactic DM halos:

— semi-analytical
(e.g. Bergstrom et al, 2001; Ullio et al, 2002)
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=> Large global subhalo effects for VL2
=> No global subhalo effects for Aquarius
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Gamma-ray sKy map (DM only)
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Aquarlus Via Lactea I1
rescaled to the same local density (0.38 GeV/cm3) — eg Catena & Ullio (2009)
[ i [




Sensitivity map for 5-year Fermi-LAT
(wrt empirical astrophysical back ground)

Johannesson (Moriond 2009) — Abdo et al (2009)

Empirical diffuse emission model:
template maps from EGRET
(Cillis & Hartman 05)

But EGRET is no longer a reference:
our Bg = EGRET - 50%

5.0e+01
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Sensitivity to individual subhalos

Pieri, JL, Bertone & Branchini (2009

Observable subhalos

—&—  Via Lactealll
—s- Aquarius Galactic center:

astrophysical contributions not under control,
notably cosmic ray electrons.

(from 10 MC runs)
Subhalos:

clean signal if located at high latitude, no
counterpart at lower energies ... but have to be
very massive and nearby to be observable.

N <10 objects detectable with
Fermi in 5 years.

model VLIT3 e VLIIG e Ag3 o
Model A: 40 GeV WIMP going to b-bbar A 92426 41+1.3 135+£25
Model B: 100 GeV WIMP going to WW B 31411 14408 6.2+£21
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Complementarity with antimatter signal

VOLUME 53, NUMBER 6 FHYSICAL REVIEW LETTERS 6 AUGUST 1984

Cosmic-Ray Antiprotons as a Probe of a Photino-Dominated Universe

Joseph Silk

Astromomy Department, Uni

Physics Depariment, Lnivers 1, Santa Barbara, California 93106

By & V'S

Courtesy P. Salati

Main arguments: But:
» DM annihilation provides as many particles as antiparticles e We must control the backgrounds
« Antimatter cosmic rays are rare because secondary products * Antiprotons are secondaries, what about positrons ?

* DM-induced antimatter CRs may have specific spectral properties ~* Do the natural DM particle models provide clean signatures?
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Dark Matter subhalos:
energy-dependent boost factor < 5 (modulo variance)

Positron flux Positron fraction Antiproton flux

. 3 ) Via Lactea Il (rescaled)
Injected spectra Injected spectra th
Via Lactea Il Injected spectra Smooth approx.
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Pieri, JL, Bertone & Branchini (2009)
using results from Via Lactea II (Diemand et al) and Aquarius (Springel et al)
-- see early calculations in Lavalle et al (2007-2008) --

Important features:

W * 40 GeV WIMP (b-bbar) excluded by antiproton constraints
100 Wtw- * 100 GeV WIMP (WW) at the edge of tension with the antiproton data

B
C 100 eie: » 100 GeV WIMP going t o0 e+e- can fit the PAMELA data; but pulsars
D 2000 . not included => background must be known before any claim.
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High-resolution is not the end of the story:
what about baryons?

Subhalos:
more efficient tidal stripping in the disk and the bulge,
sreliminar leading to a dark disk
veloety profies Galactic center:
. M:"ﬂri":f o Adiabatic compression might increase the DM
e, rescaled 1o pTL"u_; GeViom® density, but competition with dynamical friction from

SF feedback re-heating the gas.

=> Still large uncertainties

Governato et al 10:
CDM + high-resolution baryon physics can lead to cores

DG1 tilted ring
analysis

Kinematics data are available for the MW:
— try to use them to improve predictions

2 3
J. Lavalle, TeVPA @ 1AP-Paris 22/VII1/2010 Radius (kpc)




Conclusions ¢ perspectives

e High-resolution N-body simulations, e.g. Via Lactea II (Diemand et al) and Aquarius
(Springel et al), provide new insights to describe the subhalo phase-space.

» The prospect to observe subhalos with Fermi 1s weak: only a few objects are detectable
in 5 years [astrophysical diffuse emission to be deeply refined — connection with cosmic

rays].

» The antiproton signal provides interesting complementary constraints. The local
positron background 1s not under control.

» Caveats: still large theoretical uncertainties due (i) to baryons and (i1) to our current
understanding of the Galactic diffuse emission. Relevant to subhalos and the Galactic
center. Many ongoing studies on that.

e Complementary methods mandatory. [LHC, direct detection, multi-messenger-
wavelength-scale astrophysical signals]. Difficult, but maybe soon ...
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Backup

J. Lavalle, TeVPA @ 1AP-Paris 22/VII1/2010



‘Boost factors for positrons and antiprotons

Pieri, JL, Bertone & Branchini (2009)

Subhalo model Subhalo model
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See also Lavalle et al (2007,2008)
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