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Numerical simulations and the formation of galaxies
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FiG. 2.— Projected dark matter density-squared map of our simulated Mi
image covers an area of 800 x kpe, and the projection goes through a 6C
The logarithmic color scale covers 20 decades in density-square.




= = =
= = =
P Lo a2}

=
-

positron fraction e /(e "+e

0.06

0.04

0.02

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

f'l|'lll-"lf'l|"|f'||"ll

Primary contribution (clumpy)
Primary contribution [smoothy)
Background from SM38
Tolal jclumpy)

Total (smoothy)

Wrong boost

HEAT dala

B_ = 200 (continue limit)
p=r?(r_=0.5kpc)
m .. = 50 GeV (m,, =6 TeV)

v HEAT e' excess
N




+
=
)
pa

+
=
B

positron fraction e /(e +€’)

=
-

=
=
=]

=
=
4

=
=
P

0.08

0.06

0.04

0.02

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

T

T

Random clumpy halo
Closest clump at ~1 kpc

Primary contribution (clumpy)
------- Primary contribution [smoothy)
——— Background from SM38
——  Total (clumpy)

------- Total (smoothy)

Wrong boost

HEAT dala

M, =10"M_, - B, = 200

sal

p=r?(r_=0.5kpc)
m .. = 50 GeV (m,, =6 TeV)




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

Primary contribution {clumpy)
------- Primary contribution (smoothy)

T

+

0221~ Random clumpy halo —— Background from SM98
~  Closestclump at~0.5kpec | — ;:::: Ffmuﬁrﬁ'ﬂ

T

Wrong boost
HEAT datla

M,=10"M_ - B_=200
p=r?(r_=0.5kpc)
m .. = 50 GeV (m,, =6 TeV)

+

positron fraction e /(e +€’)

=
-

=
=
=]

=
=
4

=
=
P

0.08

0.06

0.04

0.02




+

+

positron fraction e /(e +€’)

=
-

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

Primary contribution {clumpy)
------- Primary contribution (smoothy)

T

0221~ Random clumpy halo —— Background from SM98
~  Closest clump at~0.25 kpe | — ;:::: Ffmuﬁrﬁ'ﬂ

=
ra

Wrong boost
HEAT datla

M,=10"M_ - B_=200
p=r?(r_=0.5kpc)
m .. = 50 GeV (m,, =6 TeV)

=
=
=]

=
=
@

=
=
4

=
=
P

0.08

0.06

0.04

0.02




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

T

=
P
]

— Random clumpy halo

+

T

+
T

positron fraction e /(e +€’)

=
-

=
=
=]

=
=
4

=
=
P

0.08

0.06

0.04

0.02

Closest clump at ~0.1 kpc

Primary contribution (clumpy)
------- Primary contribution [smoothy)
——— Background from SM38
——  Total (clumpy)

------- Total (smoothy)

Wrong boost

HEAT dala

M,=10"M_ - B_=200
p=r?(r_=0.5kpc)
m .. = 50 GeV (m,, =6 TeV)




How probable is that 7

— POLFEERR | SFRERSLTErS

0.21— Wrong boost

e/

on
2

kpc)
(M, = 6 TeV)

2
=k
&

=
=
4

positron fracti

e
-

0.08

CRATEH
ZOFEST

0.06

0.04

0.02




Boost factors — a hazardous kind of magic

Pierre Salati — Université de Savoie & LAPTH

CURRENT JACKPOT

5 10°° neutralinos

Estimated for 3/31/2006

Cosmology and Particle Physics Beyond the Standard Models — Cargese — August 7, 2007



e Without clumps — with the smooth DM distribution py

2 X
by = S/D Gx) 2% g

7 P

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

D AT, 2
i = S % G(XZ) > gi Dy j\/[z :/ 5p (X) d?,x}

random behaviour ! ()

Boost factor B = 2
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The clump boost factor B,
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Statistical analysis of the signal for a 100 GeV positron line

(i) To simplify the discussion — without loss of generality — we assume
that clumps are identical.

P0

b=d, + (qbr—zwi_sXBcMchGi)

(ii) The actual distribution of DM substructures is one particular
realization € statistical ensemble of all the possible random

distributions.

(¢r) and Jg - <§b:2n> - (Cb?“)Z
Beg = (B =¢/¢s) and op=0,/¢ps
(iii) Clumps are distributed independently of each other.
Therefore, 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 Ny such substructures.

(¢pr) = Ny () and o7 = Nyo® =Ny {{¢*) — (¢)*}



(iv) The set of the random distributions of one single clump inside the
domain Dy forms the statistical ensemble 7 which we need to consider.
An event from that ensemble consists in a clump located at position ¥
within the elementary volume d*Z.




(v) In the following analysis we have furthermore assumed that clumps
trace the smooth DM distribution. This is not generally correct —

see IMBHs !
L ps (D)

P = p(@) &7 = >z
d p(¥) d°% o T

(vi) We have finally assumed that p., = (1 — f) X ps so that
B. M.,
o=(1—-f)0¢s + (@—Sx P > Gf)
0 :

Analytical determination of Beg and op

Comparison between analytical and Monte-Carlo
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Effective boost factor B, and its 1-o¢ range

J. Lavalle, J. Pochon, P. Salati & R. Taillet (2006)
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The hard-sphere approach

The signal originates from the volume Vg = (\/ 21 )\D)3

Binomial density of probability for one clump
Plp) = pole™ Puas) T —p) (p)
7 cinmps inside

Me Vs o)
p e - = = ‘ (1 T p)
Ef I hf}f

Poisson distribution

P(n) = 2 exp (—Ng) where Ng = p Ny

On average (n) clumps generate the signal

V S T Tl ]'
(n) = Ng = 5/ps(©) and o9

M. (ér) () VNs
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The large Ng limit

The Poisson statistics becomes Maxwellian

P(0=n—Ng) = 1 exp (— 8 /2N5)

%
=

The 1—clump distribution P(¢p) is continuous !
The theorem of the central limit

P{%Z%} = —217“72 exp{(@ ;;2@)) }
P{B = ¢/d,} = ! exp{(BBeﬂ> }

V/2ro%, 205
1 —1)?
P{n= B/Be} = eXP{— (772 2) }
27m,3 i



Analytical versus Monte Carlo

e Substructures contribute a fraction f = 0.2 to the mass of the Milky
Way dark matter halo.

e A NFW profile is assumed with typical scale 25 kpc.
e Fach clump has a mass of 10° M.

e 10° different Monte-Carlo realizations of the distribution of
substructures.

e Fach Monte-Carlo realization involves 271,488 clumps.

e The positron injection energy is EFg = 100 GeV.

To be compared to the analytical results

E | Beg | 0y =08B/Bes | Ns

50 | 2009 | 0.04338 | 498.0
65 | 2032 | 006472 | 2235
80 | 2048 | 0.10966 78.0 ||
90 | 20.57 | 0.19680 24.2
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The small Ng limit

The distribution of probability is the product of convolution

731\er731>1<731>1<...>1<731

PNH {O < QY < Sﬁmax} ~ Ng x Py (99)
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Substructures, Cosmic Rays and Statistics

(i) The position x; and annihilation volume &; of the ith clump are not known and
should be treated as random variables. In some cases, neither the number Ny of MW
substructures is well determined — see IMBHs for instance.

Ny Ny
=, + ¢-r:Z¢i:5XZfiXGz’
i=1 i—1

(ii) The average boost factor B.g and its variance op are energy dependent. The

boost factor is not just a rescaling constant !

(6) and o2 = (g2 — (6’
Ber = (B=0¢/¢s) and op=0,/¢s
(iii) Two statistical regimes appear depending on Ng — the average number of clumps
that participate in the signal at the Earth.

o OB 1

Yl

<Or> N Befr

2

e Large Ng = maxwellian distribution.

b Small NS = PNH {0 S ¥ E /V:)max} =~ NH X Pl ((10)
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Intermediate mass black holes (IMBHs) — an illustration

G. Bertone, A.R. Zentner & J. Silk, PRD 72 (2005) 103517

When the first DM halos form, gas cools and collapses as pressure supported disks

A baryonic mass of ~ 10° Mg, looses its angular momentum
It is transferred at the center to form an Intermediate Mass Black Hole

During the process, DM is adiabatically compressed onto this central object




Adiabatic DM compression around the IMBH
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FIG. 3: The probability law ¢(£) for the annihilation volume gy 4. Radial distribution of the mini-spikes, as extracted
has been derived from the Monte-Carlo results of Ref. [10].  f.01 the numerical results of Ref. [40].

We found no correlation with the mini-spike position.
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Boost distributions
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