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Importance of the dark halo modeling

Indirect detection:
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DM detection via
photons, neutrinos or
charged cosmic rays

msm) Dependent on the
DM density profile

==m)p Dependent on the

local DM density



Small-scale structuring of CDM = ===p

Many subhalos survive up to now: A
Important for indirect
detection of annihilating DM

(p*) > (p)?
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A semi-analytic model
of galactic subhalos

based on
MS and J.Lavalle, arXiv:1610.02233
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Respect available dynamical constraints

Calibrate on cosmological simulations

(subhalos mass fraction)

Tidal effects from the DM halo Ia - Lt,,

——  Aquarius

Tidal effects from baryons
(halo+disc)

CosPA 2016

DM density
=— total

-- smooth

-+ subhalos

= tidal disr.




Start from a Milky Way mass model:

p(Z) = ppM(T) + poulgelT) + pdisc(E) + .-

e.g. NFW )
Einasto L e

mmm) Take the DM density as an input

Dark halo is part smooth, part clumpy:

—

PDM(f) — psm(iﬁ) =7 <psub(f)>
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« Universal form for the subhalos profile is assumed
(NFW, Einasto, ...)

« Subhalo fully characterized by 3 quantities:
and

« Statistical description: we want the PDF
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Ansatz:
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Ansatz:
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Ansatz:

fm(m) oc m™— M

Power:

Cutoff: Mmin
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Ansatz:

(c,m) = log — normal

- P Median
- A —OM
f 1’11(777’_) X m concentration:

Power: ¢ =1¢(m)

Cutoff: Mmin
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Ansatz:

(c,m) = log — normal

- P Median
- A —OM
f 1’11(777’_) X m concentration:

Power: ¢ =¢(m)

Cutoff: Mmin

BUT... what about tidal effects?
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DM particles inside a clump experience two potentials:
« subhalo’s potential
* host’s potential (DM+baryons)

Competition between the two results in a tidal stripping
of subhalos

=) the mass/radius today is smaller than the
mass/radius at infall

msmmm)p- Stripping stronger near the galactic center
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Grav. potentials competition results in a tidal radius

Tidal radius at R=8kpc
— Jacobi point-like
— Jacobismooth

— Psub (7r ) = Ptot ( H)

m(rt)
3M(R) (1 — 3%5%)

10t

concentration cogy
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Disc shocking: as subhalos cross the Galactic disc,
they experience a rapidly changing potential

Increase kinetic energy per DM particle

mmm) some particles escape the subhalo

Effect computed for globular clusters

Kinetic energy increase per particle mass:

CosPA 2016
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Stref & Lavalle 2016

» Tidal radius definition Disk shocking ot 1~

- Disk shocking energy A¢, (theory-based)
— Potential energy per particle |d(r)—d(ry) |
— Potential energy per particle |d(r)—d{re/ 10)|

n
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L)
n
=
]
£
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« “Integral” version

Energy/(m % Gy p,

AE(“}) — Ebind (T‘t)

e + criterion from simu
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Number of subhalos calibrated on cosmological simulation
without baryons (Via Lactea II, )

« avoid modeling uncertainties

 make the model predictive

1 \
/ (Ra m, C) — E Jv (R) / 1'1'1(777’) Je (Ca 771‘)

Subhalos contribution to the density:

| NSU Mmax oo
(poan(R) = 22 fu(R) [ o fum) [ defulesm) mu(Rom o
[X M i Y Cmin ( R)

Smooth DM density:

Psm(R) — le\I(R) T <psub(R)>
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Mass density: Luminosity profile:

Stref & Lavalle 2016 Stref & Lavalle 2016
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DM (sub)halo mass profile with tides
= Whole DM profile
—— Sub (point-like host)
= Sub (smooth host)
—— Sub (pan(r:) = prat (R))

Annihilation profile
Without subhalos
With subhalos: smooth contrib.
With subhalos: sub. contrib.
With subhalos: cross product
With subhalos: total contrib.
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Disk shocking

| — off

— — Differential (theory-based)

-+ - Integrated (theory-based)
Integrated (simu-based)
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- Tidal effects
- = Without disk shocking
—— With disk shocking

Annihilation profile £/p? [dimensionless]
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Boost factor
—— Local boost
~|=—— Integrated boost

Subhalo
mass fraction

My = 10100

Annihilation
Boost factor

=1

1073
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Application to indirect searches
with cosmic-ray antiprotons

CosPA 2016
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(.jf o [
N’

time evolution

« MED

e = 4 KDD
» Kappl et al., 2015

Q(Z, E, 1)
\—-\,f—l/

source

+ﬁ{ ' -V N}

S————

n ' 1 .
"{(*T - — P fx“,*fru‘)\}
Y P

Y

momentum current 7,

spallation, decay
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(m?) dN
dE

dgf Gprop(f? E) <(Pc;m( ) I pbub(x))z

Antiproton flux : hﬂ
; i JAhIS':Z : (]\l _'.-_)

— smooth halo 10-1901.

min

5 M
-~ clumpy halo |
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(preliminary)

Propagation model: Tidal effects:

Propagation models. ; Impact of tidal.effects
— kappletal., 2015 — without clump
-- MED -- "soft" tidal effects
| "strong" tidal effects

V. 10-10
My = 1077 M, prop. model: kappl et al.

M, = 1071901

031—2 ¢
oy =2

thermal relic

Limits on yy — bb (99%CL) Limits on yy — bb (99%CL)
— conservative ¢ < ¢ans + 00 — conservative ¢ < ganso + ¢
— stringent ¢ < 6¢ s — stringent ¢ < 6¢
I | 10‘ I |
10° 10° 10* 10° 10° 10*
m, [GeV] m, [GeV]
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Consistent modeling of galactic subhalos, including
tidal effects from halo and disc

Reproduces results from cosmological simulations

Easily adaptable to new dynamical constraints from
Gala —» DM density profile is an input

Can be used for indirect searches (antiprotons, but
also positrons, gamma rays, ...)
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Thank you for your attention

CosPA 2016
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Stref & Lavalle 2016

« Suhalo destroyed if

]h)

« Subhalo survives tidal
effects if:

. | Inner subhalo profile
' — NFW
— Einasto

C200 = Cmin (R)
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« Entanglement of spatial,
mass and concentration
distributions
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Annihilation
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T T T T T | B

Annihilation profile
Without subhalos
With subhalos: smooth contrib.
With subhalos: sub. contrib.
With subhalos: cross product
With subhalos: total contrib.

Boost factor

- | ocal boost
| = Integrated boost
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) after tidal stripping
No tidal stripping

—— Tides from host halo

- - +tides from disk shocking
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McMillan 2011 mass model

— without subhalos

-- clumpy halowith ap; =2

clumpy halowithogy =1.9] e 02" ]

ju—m in — 10~ 10 ﬂ'IZZEZ:-

Odj..[IQ

Limits on xx—;bﬁ (99%CL)
— conservative ¢ < ¢amso + 00
— stringent ¢ < ¢

102 10° 10
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