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I) Evidences for dark matter

Many evidences for the existence of DM in the Universe:

 Galactic scale: Observations

Orbital velocities of stars/gas in spiral
galaxies: cannot be explained by visible
matter.

— Possible solution: existence of large DM |88 SN
halos surrounding the galaxies. o GO e . 20 30 -
T PR R (x 10001)

- Cosmological scale: M33 galaxy — Corbelli & Salucci (2000)

Angular fluctuations of temperature in the
cosmic microwave background: require large
amounts of non-interacting matter.

- ~85% of the matter in the Universe is dark
matter.

Planck collaboration (2013) 3/17



I) The WIMP hypothesis

What is dark matter made of?

« « Natural » candidate: the WIMP (Weakly Interacting Massive Particle)

y / Gamma-rays

- Massive particle sensitive to the weak _ /0
interaction: P D L. W)
—> can explain the observed DM density in the  patter Particlos >_~VP
. Vp.ve
Universe Ecm~100GeV
% WHZ/g e\
/ Neutrinos

- Predicted by particle physics theories beyond \”\*
the Standard Model (e.g. SUSY, UEDs...). :}\Vp:\’e

+ afew p/p, d/d

Anti-matter

« Annihilation of local WIMPs could be detected in y-rays — the « golden »
channel:

=~ No absorption during propagation;
= Propagation in straight line.
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I) Where to look for ?

Where to look for the y-rays?

« Need dense and close dark matter regions: stronger annihilation signals

Best target: center of the Milky Way
- Very high DM density,
- Very close (~8 kpc),

—> But large astrophysical y-ray
emission.

Other choice: most massive
« clumps » of dark matter with
baryons

- Dwarf spheroidal galaxies

Aquarius simulation — Springel et al. (2008)
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I) Dwart spheroidal galaxies

- Dwarf spheroidal galaxies (dSphs) are Milky Way satellites:

« Highly dark matter dominated:
M/L > 10-1000 Me/Le

- Largest DM clumps in which baryonic
matter collapsed.

« ~30 were discovered, ranging from very
bright (« classical ») to ultra-faint objects.

» Free of astrophysical y-ray emission.

Leo I dSph. Credit: WikiSky (SDSS)

- Among the best targets for searching y-ra
5 5 (5 YTy d ~ 250 kpe; M ~ 10" Mo

emission from dark matter annihilation.

« dSphs are primary targets of y-ray observatories:
°  Fermi-LAT [20 MeV - 300 GeV; «,, =0.5° at ~1 GeV |;
- H.E.S.S., MAGIC, and VERITAS [30 GeV — 100 TeV; o, =0.1° at ~100 GeV ]
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I) J-factors

Absence of y-ray emission: constraints on DM properties.

y-ray differential flux coming from dark matter annihilation:
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IT) Jeans analysis (1)

« J-factor: requires the DM density profile

- Use the stellar population of the dSph as tracer of its gravitational
potential: Jeans analysis

Assumptions: Spherical Jeans equation

- Spherical symmetry,

- Dynamical equilibrium, -

- Collisionless, ‘ 1 d (va) 49 Bani(r)v% . GM(T)

- Negligible rotational v dr r }_ \ r2 |

support V V
Stellar DM

[Binney & Tremaine (1987)] —

« From the solution, we can compute the stellar velocity dispersion along the
line of sight: 0 ,(R)

op(R) = %/: (1—Bani( )R2>V\(/"22”2( 7 4
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IT) Jeans analysis (2)
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« Method: R [kpe]

= Assume parametric models for B, .(r) and Pp, () [4 — 7 free parameters]
= Compute O, (R)

> Compare to the measured velocity dispersion [MCMC analysis - GreAT]

> Compute J-factor from p,,, (r) [CLUMPY package]

GP(R) ‘ B...(r), Py () ‘ J-factor

- Development of a Jeans analysis module for the CLUMPY public code —
new release soon (Bonnivard et al. in prep). 9/17



IT) Jeans analysis: uncertainties (1)

« Is the J-factor reconstruction robust against the several ingredients of
the Jeans analysis?

- Use simulated dSphs for which the DM and anisotropy profiles are
known.

s ~100 mock dSphs used;
» Covering large ranges of DM densities and anisotropy values;
= Mimicking observationnal uncertainties.

u:;:' —T— | L IIII | T T TTTI | --I."I-.l"l.l--l"

. g- e e - -
« We find that: o0 E _ .
gt -
= J-factors are 5 F :
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- ® Reconstructed Median -
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;Szgm;ltlated ol .
p _T- | I I I I | I I I I | I I | H

10 10™ 1

10
o, [deg]  10/17



IT) Jeans analysis: uncertainties (2)

 Several ingredients can bias the J-factor reconstruction:

= Too specific anisotropy parametrizations,

10"
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Anisotropy profiles
T TTT T T T 1T 71T I|

u:)_' 13 LR T T Tl | T T T
o 10 | R g O e 1 !
< A I ' =1 4
NEO """" — — Constant profile: — Osipkov-Merritt profile: |
et _.-'::: .-: ----------------- : B(r)=l'2r_:l'2 :
= L, 10| @ @St et a

102 O & 05— —

Large Sample - .
z o0

— Baes-Van Hese profile:

— . . . B i ]

Median o Osipkov-Merritt ool o= _

1010 E— ..... 950/0 CIS | Baes & van Hese = Tk i

o = True (Osipkov) - i -

0 — A= ] r,=0.1 kpc —

9 | | IIIIIII | | IIIIIII | [ Ll TR R Y I ol | Lo
10 - - 102 -1 10

0
O [deg]

o Fitting of the stellar projected number density,
= Non-sphericity of the DM halo (triaxiality).

- We proposed an « optimised » setup in Bonnivard et al. (MNRAS

2015). 11/17



IIT) Application to the real dSphs (1)

« We have applied our setup to real data: 8 « classical » and 13
« ultrafaint » dSphs (Bonnivard et al., submitted to MNRAS).
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IIT) Application to the real dSphs (2)

J-factors and comparison to other works:
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s« Ultrafaint » dSphs are more uncertain,
= Our setup gives larger uncertainties than in other analyses.

—> Consistant analysis of all the dSphs, with realistic uncertainties.
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s« Ultrafaint » dSphs are more uncertain,
= Our setup gives larger uncertainties than in other analyses.

—> Consistant analysis of all the dSphs, with realistic uncertainties.
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IIT) The Segue I case
« The ultrafaint Segue I is often promoted as the « best target »
among the dSphs.
1017 T T T TTIT] T T T T 1717 T T T 17171

1
= P._weighted analysis (all stars) =
——— Unweighted (cut P >0.95) =

Segue I (P =bayesian)

« However, its kinematic
sample might be 101
contaminated by Milky Way
foreground stars.

—> Our analysis is very
sensitive to these ambiguous
stars.
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—> It appears as a very uncertain target! (Bonnivard, Maurin, Walker, in
prep.)
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IIT) Dark matter signal from Ret II?

« In March 2015, 9 new potential dSphs were discovered in the
Southern Sky with the Dark Energy Survey (Koposov et al. & DES
collaboration, 2015).

—5
10 T LA L L L | T LA L LR | T LA L LR |

« Using publicly available
Fermi-LAT data, Geringer-
Sameth et al. found
evidence for y-ray emission
from the closest object,
Reticulum I1

[d ~ 32 kpc].

107° |

E?dF/dE [GeV cm™2 s7! sr7?]

-7
]-0 o el L l | R A

« Fermi-LAT collaboration o0 EEETY
found no excess using Energy [GeV]

unreleased data sets (Fermi- y-ray flux toward Ret II (Geringer-
LAT collaboration 2015). Sameth et al. 2015 b)

. AR 4 A =
102
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III) J-factor of Reticulum II

- Stellar kinematic data from Ret II were obtained a few days later by
Walker et al.

- We used these data to publish the first estimation of Ret IT’s J-factor,

using our optimised Jeans analysis (Bonnivard et al., submitted to
ApJL):

GO | | | | | | )
g 21 . i Bonnivard et al: (2015b)
D = | Classical '
© 20} | | é . ] .
O, o Ultmfamt: We are associated
0 ol ‘ I DL 5 | s | to Geringer-
9 T | Sameth’s team for
& 18] Retc')' | ' a paper on DM
N . : : .
= ° PIP&Z'S;ijetu? constraints from
g 177 WIS T Ret II using this J-
S ¢ Binned analysis : .
16} . v Half samples : : ] factor (in prep.).
. — 68% Cls (+ trlaX|aI|ty systematlcs [] ) '
15} g . dlkpc] ;
32 | 3 | 44 | 38 | 8 | 6 | 23
Ret Il UMa Coma Wil | Dra UMi Seg |
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Conclusions and prospects

« Context:

- Milky Way’s dwart spheroidal galaxies: among the best targets for
searching y-rays from DM annihilation.

= J-factors needed for putting constraints on DM properties.

« Results:

= Optimised Jeans analysis to mitigate several possible biases
(Bonnivard et al., MNRAS 2015)

> New Jeans analysis module added to the CLUMPY code (in prep.)

> Annihilation and decay factors for 21 dSphs
(Bonnivard et al., submitted to MNRAS)

> Segue I highly uncertain due to contamination (in prep.)

= First determination of J-factor for Reticulum II
(Bonnivard et al., submitted to ApJL)

 Prospects:
= QOther channel for indirect detection of DM: charged antiparticles

- AMS-02 dat lysis of anti-deut
ata analysis of anti-deuterons 17/17






IIT) The Segue I case

« The ultrafaint Segue I is often promoted as the « best
target » among the dSphs.
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- Our analysis is very
sensitive to these
ambiguous stars.
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- It appears as a very uncertain target! (Bonnivard, Maurin,
Walker, in prep.)
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Jeans analysis

- = (I/’U—,,Qn) + 2 ' = — Spherical Jeans equation

e Generic solution: I/(T') _%(7“) = f(M, Bani, V, "")

 However, the observables are: O, (R) [velocity disp. along the l.o.s.],
I (R) [surtace brightness]

o0 2 2
Line-of-sight 2 _ 2 . , R v (’r) Ur ('r) r
projection UP(R) o I(R) /R (1 Bani(7) r2 ) Vr2 — R? dr
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Triaxiality
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J vs background _

= T T T T T T T T T T T T T T
g 10% _
g
~ @107
2
= lo™ .

» Galactic DM background

10™
BN e S B Sel_Umi .

10° W] 686 and 95% Cls s Classical : |
. o Ultrafaint " '
10° N N N N 1 N N N PR | N N N :
0 50 100
¢ from GC [deg]
2 10"
.
~ @10"
: 10" i Uma2
. ‘Umal
l LeoT 1
;s

i
1 o ¢
PP, T
7 B

&

ag

[

Segl

10% jgr Galactic DM background

107 , Joa =Im+ <> E:

10° i ® (Classical '

\ 68% and 95% ClIs o Ultrafaint
10° N N L N 1 N N N . 1 L N L n
0 50 100
¢ from GC [deg]

i L"m;tl
B lI Umal :{
- =|‘!’ 1 cg2
ISR ,l ‘ % '
segl] I
: LeoT -
10° | Galactic DM background
IO“( I J(ial ='|sm + <l\:!> .E
10 v
106 i ® (Classical 4
68% and 95% Cls o Ultrafaint
10° N N N A 1 A N N " 1 L . .
0 50 100

¢ from GC [deg]



J-Fornax

u:-,— Etl' [ 1T TP TTl [ T T T TT] ____l-.-.L_.L-J-J-J-Lg
(&) = e —
Q T .-*__._.J'_ -__---_--------L
X | - _,-" p—d
N B B et
E "

—~ 10— a —
5 - Fornax =
= — N
- a,=2xr/d~055  _

10" |== —

— J-factor =

B —— Median B

. ---- 68% Cls |
R 95% Cls =

T | Illlllll | llllllll | lllllll—r
1072 10" 1 10




D-Fornax

q'l_' | | lllllll | Tl | | IIIII-_
&) - b =4
Q [ . - —
X T e
5 ’.." ‘—‘
<® 10°= Fornax -
R e . - :
—~ [ aP=r/d=~0.28° e T e =
c R A il
i — LR .
a 10*=" o =
—_— > p—
7 4
10 = HF =
- P D-factor =
[ L —
- LA —— Median ]
o S
P %’
10°— i 7 ----68% Cls =
— % —]
— . ’ o' ]
=Lt e 95% Cls -
_" Al ]
0’6’
10 | | II | I II | I |

10 1 10

—
=
N






