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CDM structures at scales much smaller

than typical galaxies

Mass of the first halos given by the ) 3. 333:

kinetic decoupling of the dark matter :
particle

According to simulations, many small
halos survive up to now : :
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~Aquarius simulation

See also Via Lactea II
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Subhalos and dark matter searches

Indirect searches:

e ’ | DM anmhllatlon

X @ position]

Direct detection:

WIMP
» Xe nucleus

# mmm) recoil

Detection via photons, neutrinos
or charged cosmic rays

If subhalos present in the galaxy,

signal is boosted!
[Silk & Stebbins 93]

Sensitive to the local DM density.
Fraction of that density inside clumps?



A dynamically constrained
model of
Galactic subhalos

Based on

Stref & Lavalle ;: arXiv:1610.02233



The Milky Way dark halo is tightly constrained by observations
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The Milky Way dark halo is tightly constrained by observations

PDM (7) = Psubl” 3+ Psmooth (7)

\

modeled/predicted



The Milky Way dark halo is tightly constrained by observations

PDM (7) = pPsub(”) + Psmooth (7)

Subhalo mass function :

Press-Schechter type :

Mg, dAN/dM,_,

with mass cutoff /MM




The Milky Way dark halo is tightly constrained by observations

PDM (7) = Psub P J + Psmooth (7)
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The Milky Way dark halo is tightly constrained by observations
PDM (7) = Psub P J + Psmooth (7)

Tidal effects!

Psub X PDM

from simulations
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Interaction of subhalos with external gravitational fields.

Two different effects :

Subhalos are stripped by
the potential of the Galaxy

Clump
center

Stellar disk

DM particles get a net velocity kick

Mgub (T‘f)

R

s —
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Subhalo number density vs. tidal effects : Mass index
— tides from halo + disk ; — Oy =2
--=- tides from halo | —_ ay=1.9
tides unplugged

Mmin=10"1M, & =1

Sun
position
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Annihilation profile
Without subhalos
With subhalos: smooth contrib.
With subhalos: sub. contrib.
With subhalos: cross product
With subhalos: total contrib.
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Boost factor
—— Local boost
7 | m— Integratedfboost

Eclumpy

boost =

Annihilation
Boost factor

smooth




Indirect searches with
cosmic-ray antiprotons

Based on

Stref, Lacroix & Lavalle : arXiv:1 7xx xxxxx
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Indirect searches :

with gamma rays

with antimatter cosmic rays

a 2.7

®-R [m>sr's'GV']

AMS-02 data




AMS-02 “hot spot”

Indirect searches :

with gamma rays

with antimatter cosmic rays

— Limit 6b
—— Limit dSphs : Ackermann (2015)

| 1-3c DM detection
Systematic uncertainty




Propagation parameters fixed by B/C (secondaries/primaries) :

model Ko [kpc?/Myr| | L [kpc] | Ve [km/s]
MED [Maurin + 01 0011
Kappl + 15 0.408 0.0967

Propagation eq. for cosmic rays sourced by DM

—I{Ai,/) T ()Z(VC Z/)) + aE{bl():-ss (E)w — I{EE(E)()ELK’} - Qcollision — QDM




Propagation parameters fixed by B/C (secondaries/primaries) :

model

Propagation eq. for cosmic rays sourced by DM

—KAY + 0,(Vec ¥) + Or{bioss(F)Y — Kgg(E)IeY} + Qcollision = &M




do _ (ov) AN .

)+ psub())?)

dR 2 fm,i dR

Stref & Lavalle (2016)

Antiproton data (AMS02 16) ay = 2
Secondary antiprotons (KRW15) Muin = 10-M 5

m, =10/50/100/200/500/1000 GeV (tidal effects on)
{ov)=3x 10726 cm?/s

Primary ps from yy—bb
No subhalos

Smooth contrib SpeCtI‘a fl"Ol’n
Subhalo contrib
Cross subhalo-smooth PPPC4DM ID

Smooth+subhalos+cross
Statistical unc.
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| MW Mass Model: Subhalo config:
McMillan 17 — NFW | |0t = 2
' ' | Moy, = 107100,

Cad

Mgﬁnm2§51“¢°_"‘§}m S]”bl’a,)'c’ cRHng; AMS02 j 3-0 bound for yy — bb

| Moy = 10780 [@4x + by < obe + 3 Tobsrin)

AMSO02 p 3-0 bound for yx — bb
[‘-I}y\ @by < Pobs } ‘I;Uo!m-%—lh]
=== no subhalos - === no subhalos
= With subhalos = With subhalos
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AMS02 ji 3-a bound for xx — b

[Bxx T Pbg < Bobe + 3T obsrin)

— == no subhalos
— with subhalos

canonical (ov) for WIMPs

| MW Mass Model: Subhalo config:

McMillan 17 = NFW | |t = 2

| Mo = 1075M:

|5 propagation:
Kappl+'15 (upd. Winkler ‘17
fT\,,,l.::P 0.83 8V [max from (%heh‘i+’1 6]
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| MW Mass Model: Subhalo config:

McMillan 17 = NFW | |t = 2

AMS02 ji 3-a bound for xx — b
" | Mew

[$x + Pog < Pobe + 3 Fobsrin]
— == no subhalos
— with subhalos

1071001,

canonical (ov) for WIMPs
_—_—-—_—_—_—_,‘_

|5 propagation:
Kappl+'15 (upd. Winkler ‘17
fT\,,,l.::P 0.83 8V [max from (%heh‘i+’1 6]
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DM distribution is fondamental to make predictions on
direct/indirect searches : dynamical constraints must be accounted for.

Cold dark matter, and WIMPs in particular, forms very
small-scale subhalos.

The subhalo population can be modeled in a dynamically consistent
way, including tidal disruption effects.

Subhalos strongly impact indirect searches, e.g. with cosmic-rays
antiprotons, and should be accounted for (at least as a theoretical
uncertainty).
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Backup



Psub (1) = Ngub Stref & Lavalle 2016
mmax o0 I LI B | ' T L I T 1 T T T T T
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Disk shocking

| — off

|— — Differential (theory-based)
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vs. virial (msgg) mass distributions Radial shell location
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AMSO02 /3 3-¢ bound for vy — bb

[Py + Pog < Pobs + 3 Tobstn]
=== no subhalos
- with subhalos
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