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Dark matter (indirectly) detected!

Plenty of (gravitational) evidence for non-baryonic cold (or coldish - as
opposed to hot) DM being the building block of all structures in the
Universe. E.g.:

Planck 2015: Qcpyh? = 0.1198 + 0.0015
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Relying on the assumption that GR is the theory of gravity; still, it is
very problematic to explain, e.g., the prominence of the third peak in
an alternative theory of gravity and matter consisting of baryons only
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Dark matter (indirectly) detected!

Plenty of (gravitational) evidence for non-baryonic cold (or coldish - as
opposed to hot) DM being the building block of all structures in the
Universe. E.g.:

Bullet cluster: Paraficz et al, 2013
offset between DM, mapped A ke
via gravitational lensing, and "¢ | / /& |
hot gas - the bulk of the
baryonic matter in the system,
traced via its X-ray emissivity;
in the tE0657-558 cluster

magenta contours: Chandra
X-ray image; blue contours:
strong lensing map

4 )
Relying again on GR as a theory of gravity; again it is very problematic

to introduce an alternative theory and explain the component

segregation within a model without DM but having baryons only
| J




(Indirect) detection of dark matter particles?

Jump from this indirect evidence to a specific particle DM candidate’?

Deatter StatesSplit | On one hand: ACDM cosmology
Sneutrir.lotCh'dltl}pS Br'lneéxt'gll"lllse > h d 1
Primordial .Sull%ggs%g 19E Chapty gon with extraordinarily accurate
axino A Xion I\Ieutl;lno measurement of the mean density
uzzy .
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.. at the same time, very loose 2" l -
bounds on the properties which are 3 . e
crucial for devising a detection R

strategy for DM particles - the R
mass and coupling to ordinary —
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(Indirect) detection of dark matter particles?

Jump from the indirect (gravitational) evidence to a particle DM candidate?
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E.g.: from the CMB, limits on
eventual DM electromagnetic
couplings and on the DM heating
of the plasma at (moderately)
recent times, and, from the Bullet gravitino G

cluster, limits on the self- . V-
interaction of DM particles i
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Signals of DM particle annihilations or decay

In several frameworks for DM candidates and for early Universe DM
production mechanisms, one predicts (in principle) detectable signals from
the pair annihilation or the decay of particles in dark matter halos.

A very popular scenarios: Weakly Interacting Massive Particles (WIMPs) as
early Universe thermal relics:
D(Ty) = nJ(Tf){oav)r=r; = H(Tf)  the WIMP “miracle”:

A it {2 S
e T T R Qb ~ 3-107%"cm2s™ !
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Ipkreasing <o,v> Plenty of WIMPs in BSM setups!

A DM as a byproduct of some other
y property of the theory demanding

“““““ for an extension of the SM (1/?)
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Signals of DM particle annihilations or decay

Look at those yields with clean spectral/angular signatures and/or low or
well-understood backgrounds from standard astrophysical sources.

Proposed detection channels include: antimatter (antiproton, antideuteron
and positron cosmic-ray fluxes at earth), neutrinos (annihilation/decays in
DM halos, or at the center of the earth, the sun or other stars) and photons
(prompt or radiative emission).

The most straightforward Only one “astrophysical” uncertainty
case is GeV-TeV DM term, to be factorized with respect
particles inducing a prompt “particle physics” uncertainties

v-ray signal: photons (emissivity efficiency and spectrum of
propagate on straight lines the y-ray yield per annihilation/decay).
(geodesics) & absorption by In case of pair annihilations:

the local environment is 1 5

negligible in this band. For a ~AQ /AQ e /l.o.s. # rou )

given target, just sum all with the DM density in the target ppum
contributions along the line inferred from dynamical observations

of sight! or numerical simulation of DM halos.



Signals of DM particle annihilations or decay

Look at those yields with clean spectral/angular signatures and/or low or
well-understood backgrounds from standard astrophysical sources.

Proposed detection channels include: antimatter (antiproton, antideuteron
and positron cosmic-ray fluxes at earth), neutrinos (annihilation/decays in
DM halos, or at the center of the earth, the sun or other stars) and photons
(prompt or radiative emission).

The most straightforward J-factor for the Milky Way (?):
case 1s GeV-TeV DM -

particles inducing a prompt
v-ray signal: photons
propagate on straight lines
(geodesics) & absorption by
the local environment is
negligible in this band. For a
given target, just sum all

-0.50 m— s 2.0 Log(Intensity)

contributions along the line Springer et al., 2008: Acquarius

of sight! simulation for a Milky-Way-type galaxy



DM vy-ray signals versus y-ray data
A dramatic improvement in quality and energy coverage of y-ray data in
recent years, due to Air-Cherenkov telescopes and satellites detectors, most
notably the Fermi Gamma-ray Space Telescope:

1 10 100 1000

Fermi Coll., 2012: galactic diffuse
emission: counts in 200 MeV-100
GeV, after subtracting point
sources, isotropic extragalactic flux
& instrumental background; it
accounts for about 70% of total #
of counts

e 2.0 Log(Intensity)

clearly a very poor match with a
DM annihilation template if
assumed as dominant emission
component



DM vy-ray signals versus y-ray data

A dramatic improvement in quality and energy coverage of y-ray data in
recent years, due to Air-Cherenkov telescopes and satellites detectors, most
notably the Fermi Gamma-ray Space Telescope:
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Fermi Coll., 2012: galactic diffuse
emission: counts in 200 MeV-100
GeV, after subtracting point
sources, isotropic extragalactic flux
& instrumental background; it
accounts for about 70% of total #
of counts

prediction (postdiction ?) of counts
for the Galactic cosmic-ray
emissivities in model ®5%4820%7150%5
Fermi Coll., 2012



DM vy-ray signals versus y-ray data

A dramatic improvement in quality and energy coverage of y-ray data in
recent years, due to Air-Cherenkov telescopes and satellites detectors, most
notably the Fermi Gamma-ray Space Telescope:

10 100 1000 1 10 100 1000
5§%24R20T1505
After including
templates for local
features and the so-
called Fermi Bubbles
+ little extra tuning,
residuals shrink to
below about 10%

Fractional
residuals




A subdominant DM term in y-ray data?

The DM signal does not stand clearly above the background from other
standard astrophysical processes (unfortunately this is the case in any of the
tested indirect DM detection channels). What about identifying anyway

the DM source as a small contribution on top of the bulk of emissivity due
to cosmic rays?

CRs

dominant

L
+

DM

up to 10%
contribution?

1
data

A route which may lead to unambiguous results only if both signals
and backgrounds are well under control!



Two recent results in (apparent) contradiction
- A tentative indication of a DM signal in the inner region of the Galaxy;

- A null detection versus dwarf satellites of the Milky Way (DM matter
dominated and cleanest targets from the background point of view),
setting a very competitive flux limit.

“Detected” flux and upper limits projected on a plane parametrizing
particle physics unknowns: in case of pair annihilations (at given final state)
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Are these signals and the relative backgrounds under control?



How much do we know about Galactic cosmic rays?

Galactic CRs: high energy (sub GeV to several tens of PeV) charged
particles propagating in the magnetic fields of the Milky Way.

CR sources: Primary CRs most likely accelerated in supernova remnants
(energetics ok; indirect detection of proton outflows from SNRs from vy-
rays), details of the acceleration mechanism under study. Secondary CRs
generated in the interaction of primary CRs with the interstellar medium
along propagation.

7 T T T T T v I 1 [ ' | .

NI -0 Solar System (Lodders) Solar system: representative of

10°4 ° —e— GCR (ACE/CRIS) il

e LR nucleo-synthesis in stars, hence of
i \ T Fe what you can accelerate in SNRs
103 I':o\./. \ O\ /8\ e

100 98 O AA KA A Deeps in solar system before C

and Fe replenished in CRs:
secondary elements sourced in
spallation processes

Relative Abundances

p+gas — s+ X

v \>
(mainly Hydrogen & Helium)

Atomic Number (Z)



How much do we know about Galactic cosmic rays?

For s and p coupled by spallation processes, the corresponding densities:

% Wi p ; with: X = dlpgas grammage

dX )\p prop. path

dn, a1 e, Ai = m/o; interaction length

: T |

dX As Ap Psp = Osp/0tot spallation probability
Solution:

N
AN

i PspAs exp i 1
np )\3 Rl )\p >\p )\S

8 Lo
5:: 03T TG b (Fi§<$¢
For s=B and p=C, being; 8 02} ?’%
Acno = 6.7g/em®  Psp & 0.35 g | W
ALiBes ~ 10g/cm? Sorp %”m +1{
I |
~ 2 i
— X ~ 4.3 g/cm at 10 Gev gzgg: o ANS.O2 ‘ *
this is much larger than for a CR oosf O PAMELAEOTY
crossing on a straight line P —
the gas disc of the Milky Way: Figlty (GV)

BRI o 030 o2 Pamela 2014 + AMS 2015 preliminary



How much do we know about Galactic cosmic rays?

For s and p coupled by spallation processes, the corresponding densities:

s ) p with: X = dlpgas grammage
dX N h
. D prop. pat
dndlliH A Ai = m/o; interaction length
I Tir |
dX As Ap Psp = Osp/ 0ot spallation probability
Solution:

T DspAs X X
e (i)
Np  As — Ap Ap  As The measured B/C ratio shows that

CRs of this energy do not propagate
rectilinearly but with diffusive mode

AoNo & 6.7g/cm?  Dsp = 0.39 and residence time (at 10 GeV):
ALiBeB ~ 10g/cm?

—> X ~4.3g/cm? at 10 Gev

For s=B and p=C, being;

t >(4.3/1073)(h/c) ~ 1.4 x 1014s ~ 5 x 100 yr

most likely: random walk due to the

this is much larger than for a CR small scale turbulent component of
crossing on a straight line magnetic field, on top of a large
the gas disc of the Milky Way: scale regular component.

X = mpgngh ~ 1073g/cm?



A propagation model for charged CRs

Assuming quasi-linear theory (magnetic field turbulent comp. small
compared to regular comp.) the propagation equation takes the form:

ani (777 p, t)

e ] i adills 0 1 o T. DAL Fe ) il ng Ny
3¢ =V (Dge Vi, — Ueng) + a—pp Dppa—p Fnz filex {pnZ i (V-fuc)nz] + q(7,p,t) + aj + o)
spau.al reacceleration decay, |
diffusion fragmentation

usually solved in steady state (Lh.s. put to zero) and applied to some
schematic picture of the Galaxy :

primary CR
/}{ H Ve \ sources {q(R)

& >
poorly known}
hu [ >K“ & gas sourcing,
via scattering

with primaries,
stable
secondaries
+ €.g2. plons
— 7Y, € ,€
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An eftective approach, with no parameter derived from first principles!

For examplet o “reference” Krainchnan model

Model |z (kpc)| § |Do(10*°cm?/s)| n |va(km/s) vy dv./dz(km/s/kpc) |Color in Fig.s
KRA) 4 0.50 2.64 =0 139 14.2 2.39 0 Red
KOL 4 0.33) 4.46 11 36. 1.78/2.45 0 Blue
THN |A0.5) 10.50 \ 0.31 Q2 H11E0 2.35 0
T HHK 10 ) 10.50 \ 4.75 =40 19 Ll 2.39 0

Leon | 4 \|oe6| \ 097 1. | 381 [1.62/2.35 Gray

\Kolmogorov model /

“convective” model
any of these is tuned to reproduce the local:

primary CRs, e.g. protons secondaries/primaries, e.g. B/C

35 T 0.4
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o 3.0F . 0.3 OoRY -
&
% O
§ 257 1 el 1
a
pxy
. 207 i 0.1 il
N
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E
1.5 ! | | | 0.0 I ' ' '
A 0 1 2 3 4 T AR RN 0 1 2 3

Log Kinetic

Energy [GeV]

Log Kinetic Energy [GeV/n]

Evoli, Cholis, Grasso, Maccione & PU, 2012



An eftective approach, with no parameter derived from first principles!

For examplet o “reference” Krainchnan model

Model |z (kpc)| § |Do(10*°cm?/s)| n |va(km/s) vy dv./dz(km/s/kpc) |Color in Fig.s
KRA) 4 0.50 2.64 =0 139 14.2 2.39 0 Red
KOL 4 0.33) 4.46 11 36. 1.78/2.45 0 Blue
THN |A0.5) 10.50 \ 0.31 Q2 H11E0 2.35 0
T HHK 10 ) 10.50 \ 4.75 =40 19 Ll 2.39 0

Leon | 4 \|oe6| \ 097 1. | 381 [1.62/2.35 Gray

\Kolmogorov model /

“convective” model
... and can be used to make a prediction for specular processes:

secondary/primary B/C secondary p (given primary p)
AUl T T ~1 ' ! |
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Evoli, Cholis, Grasso, Maccione & PU, 2012



Some excitement with AMS (preliminary) p data:

AMS has reported preliminary data on the antiproton to proton data at
largest energies accessed so far, with a visual mismatch with respect to B/C:

AMS 2015 preliminary 0s
— —— — 9 oo
IS _ 5 0spt T ey,
© } C + (F <F°' o
o Lo %% ccacss 5% % <F #‘.?..
5 ., . Q 02t }
107 E Q(S %”m’m‘»
. 2 + ’{*W-
c # ++
- e S o1 { byt y
" e AMS-02 - - + \
10° :j = ggg: ® AMS02
- o o R 0'04_ O PAMELA (2014)
1 5 10 50 100 500 S T R EE
IRigidityl (GV) ' 10 10° ’

10 .
Rigidity (GV)

p/p ratio flat at high energy as opposed to a declining B/C ratio! Room
(evidence) for a DM component?



Some excitement with AMS (preliminary) p data:

AMS has reported preliminary data on the antiproton to proton data at
largest energies accessed so far, with a visual mismatch with respect to B/C:

p/p ratio

—
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N

107 |

AMS 2015 preliminary
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IRigidityl (GV)
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Giesel et al., 2015
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Cross-sections
Propagation

I Primary slopes
Solar modulation

Uncertainty from:

1 5 10 50 100
Kinetic energy T [GeV]

Unfortunately this dataset is still compatible, within uncertainties, with a

secondary antiproton component only:.



Galactic CRs and the y-ray emissivity
Along propagation the Galactic CRs interact with the interstellar medium

(ISM) giving rise to a y-ray flux (as well as radiation at other wavelengths).
Three main components:

e decay of mesons produced in the interaction of CRs on target ISM gas;
* CR lepton inverse Compton scattering on target CMB, IR and optical ys;
* bremsstrahlung radiation oft CR leptons on target ionized gas.

Prediction: loop over models to find the one best matching data, e.g.:

e e
e e e R O e e e A S R
R S Ol L S e P A e e

1 10 100 1000
55%4R20T150¢5
Postdiction: beside a tuning on local CR measurements, there is a tuning
on the CR source distribution and over all ISM targets (nearly pixel by pixel)



Galactic CRs and the y-ray emissivity
Along propagation the Galactic CRs interact with the interstellar medium

(ISM) giving rise to a y-ray flux (as well as radiation at other wavelengths).
Three main components:

* decay of mesons produced in the interaction of CRs on target ISM gas;

* CR lepton inverse Compton scattering on target CMB, IR and optical ys;
* bremsstrahlung radiation oft CR leptons on target ionized gas.

Prediction: loop over models to find the one best matching data, e.g.:

A drastic choice in this prediction/
postdiction scheme:

it is assumed that the mean local
properties of CR propagation are
universal, with a rigid extrapolation
to the whole Galaxy what you learn
from locally measured grammage!

|
1 10 100 1000 . ; .
NO CHVII'Onmental dac endenCICS?
SgZ4R90T150C5 P

Postdiction: beside a tuning on local CR measurements, there is a tuning
on the CR source distribution and over all ISM targets (nearly pixel by pixel)



Slight discrepancies: y-rays in inner Galactic plane

A systematic underestimate of the measured flux above few GeV in any
model in the loop of Fermi Coll., 2012:

E}Z,JY(EY) [MeV cm™2 s~ ! sr1]

(data-model)/data

[S—
3
\S}

[E—
S
"

10~4
0.4

0.2
0.0
—0.2

—80° <=1<=280°
—8°<=b<=8"°

3 SsZ4R20TI150C5

103

E, [MeV]

10*

10°

there seems to be the problem of
having the wrong spectral index,
reflecting an angular gradient of

the spectral index in the y-ray flux:

sky window Q sky window Q
(o] <57) [(@~ES%)) (b <5°) |[(®~ES7)
0° < |l] < 10°]2.55 +0.09([40° < || < 50°|2.57 + 0.09
10° < || < 20°|2.49 +0.09||50° < |I| < 60°|2.56 4+ 0.09
20° < |I] < 307(2.47 £0.08{|60° < |I| < 70°|2.60 £ 0.09
30° < |I] < 40°|2.57 £0.08{|70° < |I| < 80°|2.52 £+ 0.09

no way to fix such problem by
scaling the ISM or SNRs

Since in this region the diffuse Galactic flux is dominated by the meson
component, the spectral index reflects the spectral index of the CR proton

density at the emission spot. In Fermi Coll., 2012 this is assumed to be the
same as the local by construction of the model. What about changing this?

Gaggero, Urbano, Valli & PU, 2015



Slight discrepancies: y-rays in inner Galactic plane
Introduce a radial gradient in the spectral index of the diffusion coefhcient:

D =D(p,R) x p° with: § = §(R)

Simplest toy-model to be fitted to the data: take a linear dependence.
Sharp increase in the match with data:
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Of course we could have also advocated an exotic inner-disc DM
component doing the job ... (of course not!)



Slight discrepancies: y-rays in Galactic center region

Morphological and spectral mismatches when looking at the central region
of the Galaxy - say, the inner 10 to 20 degrees - even when cutting out the

Galactic plane component (Hooper et al., 2009-15 + several analyses by
other authors, see in particular Calore, Cholis & Weniger, 2014).

A detailed model in this region is very problematic (while for standard CR
models is just a nearly empty spot 8 kpc away from us).

| Residuals:

Most analyse.s cons1de.r the oottt ey

template fitting technique: ' ' |
A blob-like

1) fix the morphology of each

component of the CR diffuse Vil

! seems to

emission (plus sources, plus

emerge

bubbles) from some theory/
data-driven prior;

11) scale freely the templates
il eavolot | v ey orialdel N ATREH | IEAENS A ey R 1, .4

minimize the residuals. m m
5 D
overshoot undershoot




Slight discrepancies: y-rays in Galactic center region

A component from DM pair annihilations is expected to be centrally

concentrated: try to wipe out the blob adding an extra template scaling like

J

1 ! | L bl
36 fua ), 4w with pou)=m ()

andy = 1.26, analogously to numerical simulation results.

Residuals without DM

ModelA
Counts-Model, E, =1 — 10 GeV

5
overshoot

undershoot

Residuals including DM

ModelA+DM
Counts-Model, £, =1 — 10 GeV

B I O

'y .
¥ *
.............................................. o .
-
[ TR
5 5
overshoot undershoot

jiliL

33—
r8>

The fit has
clearly

improved!



Slight discrepancies: y-rays in Galactic center region
CMZ

What about including an extra
SINR source, connected to the
“Central Molecular Zone”,
usually neglected in standard

CR models?

Toy model: a gaussian term

with tunable width.

Fiducial CR model

ModelA
Counts-Model, £, =1 — 10 GeV

-
5 5
overshoot undershoot

3.5

St
o

g
in

g
=

._
in

=)

Normalization [arb. units]

e
in

&
=)

-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-”
-

two parameters: o [pc]and N

5 10
R [kpc]

Including DM
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Slight discrepancies: y-rays in Galactic center region

Test Stotlstlc

300 pc, N = 227

20:"""

At the test statistic level,
DM and spike do

perform analogously, with
the DM case being

TS'/2

marginally better only on i
longitude profile tests. i
-20 i e
10° 10‘ 107
E, [GeV]

Spectral results:
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Slight discrepancies: y-rays in Galactic center region

Back to the plot with tentative indication of a DM signal in the inner

region of the Galaxy:
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Is the DM signal excluded by the Fermi
Coll. 2015 limit from dwarf satellites?
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Milky Way dwarfs as Dark Matter detection Labs

I deal targets for detecting a DM signal (prompt or radiative emission
from DM particle pair annihilations or decays):

* objects with fairly large S = e~ .
18y ! y |_.C.D v Leoll _- LN CVn &x‘»fn Il T
DM densities, located fairly | T T M
Seque 1/ 7 te.Leol: Boo I \I"". 3 i< ma N
close to the Sun (about 10 to SRS UM Vilman 1

200 kpo);

e intrinsic backgrounds from
“standard” astrophysical
sources below detection
sensitivities (?)

+ low Milky Way
foregrounds (intermediate
to high latitude locations).

3 ’; Piﬁrges I° ~ Segue 2- -
ki
About 35 (tentatively) identified;

8 with adequate kinematic data samples,
the so-called “classical” dwarfs.

Are they ideal targets for setting limits as well? For the classical dwarfs 1-0
uncertainties on J-factors often assumed within factors of 1.5 < the “astro”

uncertainty in any other indirect detection tool! Where does it come from?



Mass models for dwarf galaxies

A stellar population as tracer of the gravitational potential (i.e. the DM
distribution) assuming dynamical equilibrium. Velocity moments of the
collision-less Boltzmann equation. Spherical symmetry for all components:

= a single Jeans equation

At S

E(VO-T’) | i Ol i5m i o

2

2(r) in terms of the

Usually solved for the radial pressure: p(r) = v(r)o
3 unknown functions:

the star density the star anisotropy the DM mass
profile profile profile
2 (LD
et
v(r) B(r) =1 302 M(r)

—o0 < fB(r) <1
/ (r) " radial orbits

circular orbits

isotropy: B(r) =0



Mass models for dwarf galaxies (i)

The 3 unknowns: v(r), B(r) and M (1) can be mapped into 2 observables:

the star surface brightness

I(R) = Z/ROO \/TZZT_TRQ v(r)

YRR sy
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Mass models for dwarf galaxies (iii)

The mapping is usually done introducing parametric forms for:

v(r) - Plummer, King, Sersic ... profile as supported from star profiles in
other observed systems;

M (r){or DM p(r)] - from N-body simulations or DM phenomenology;

B(r) - as an arbitrary choice, since there is no real observational handle.
and performing:

- a frequentist fit of v(r) to data on I(R);

)

- a Markov-Chain Monte Carlo sampling of a likelihood defined from
data on o7, . (R): posteriors on M (r) [or p(r) ] parameters after
marginalization over B(r) parameters {prior choice for the latter again
arbitrary}l. The derived posterior for J (and its small error bar) is what
will enter as an input for particle physics limits.

How much should we trust this procedure?



Mass models: our approach PU & Valli, 2015 to appear

the star surface brightness the l.o.s. velocity dispersion

=2 vt B [ (1—5<r>fi§)p<r>

are in a form which resembles the Abel integral transform for the pairf < ]?:

o =Alfw) = [ < fo=ati@l--2 [ o

Actually I(R?) + I(r?) = v(r). Analogously you can invert also the projected
dynamical pressure P(R?) = I(R) o7, . (R) and find:

,"Z

M(r) = At} {Cfl—f[l —ag(r)] + ap(r) - ba(r) {ﬁ(fr) + /OO dfaﬁ(?) Hp(r,T) ﬁ(f)] }

dlogagp

Halltin Rt dal)

Hp(r,7) = exp (/ dr’aﬁﬁr )>

see also: Wolf et al. 2010 + Mamon & Boué 2009.




Mass models: our approach (ii)

Now: model I(R) and 07, s.(R) with a direct parametric fit on data for
these observables. E.g.: assume for the surface brightness a Plummer model:

IHE 1
nR?, (14 R?/R2,)?

and fit the half-light radius R, i.e. in Ursa Minor: R,,» =~ 0.3 kpc.

I(R)

13

For the line-of-sight projected
velocity dispersion in general
data are less constraining and
one can consider different
possibilities, e.g.:

11t
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— NFW fit
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—— Constant fit
Linear fit ||
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R [ kpe]
The Abel transforms P(r) and I (7) are computed numerically, and then one
can perform a direct projection of what you do (not) know about 5(r) into a
prediction for M(r), p(r) and J, and hence have a more direct assessment of
uncertainties in the predictions for dark matter signals.



Mass profiles in Ursa Minor as a function of constant [:

In practice, agnostic mass reconstruction with our inversion formula not
always give physical results. In a concrete example we need to restrain (a
posteriori) to cases in which we get M (r) > 0, dM/dr > 0 and dp/dr <O0:
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Burkert profile: imposing
radial orbits gives unphysical
results at low radii
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Mass profiles in Ursa Minor as a function of constant [:

In practice, agnostic mass reconstruction with our inversion formula not
always give physical results. In a concrete example we need to restrain (a
posteriori) to cases in which we get M (r) > 0, dM/dr > 0 and dp/dr <O0:
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r — 0
- for 07.0.5.(R) = const., Plummer I(R)+ 8(r) = —co => p(r) oc r~ 2 + black

hole



J-factors in Ursa Minor as a function of constant [3:
In line-of-sight integrals: J= LA o / dl ph (1)
AS) AQ l.o.s.

we conservative set p(7) to a constant at radii smaller than the radius at
which 07 ,.s.(R) can be measured (smallest radius in our data binning):
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_ 5 190 | .
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1-2.

Take home message: current and projected limits from dwarfs need caution!



Conclusions:

Dark matter has been indirectly detected (via its gravitational effects).

Dark matter particles may still be indirectly detected (as well as directly
detected in underground labs or produced at accelerators), but the
playground for almost all detection channels proposed so far is that a
small signal is expected on top of a large background.

Particular caution is then needed in this playground, examining critically
what are the assumptions involved in both background estimates and
signal predictions.

The point has been illustrated here via two examples which received
particular attention recently: a tentative DM y-ray signal from the central
region of the Galaxy and DM y-ray limits from dwarf satellites.



