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Dwarf Spheroidal Galaxies

Sculptor
T Dwarf spheroidal galaxies
(dSphs):

e Nearby systems
(resolved sellar pop.s)

e Pressure supported,
flattened

®* Dark-matter dominated

(equilibrium ?)

References:
Battaglia et al. (2013), Irwin &

, Hatzidimitriou (1995), Aaronson
credits: ESO/Digitized Sky Survey 2 (1983)
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Dwarf Spheroidal Galaxies
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Mass modeling methods

Computational
cheap?

Distribution Function (DF) What’s needed:
— probability at any given * Steady-state
point of the phase-space * Equilibrium (no tides,

no recent interactions)

f — f ( X,V ) + CBE satiesfied
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Mass modeling methods

I R e
Analytical DF? -_-
heap?

Physical model? ---

Jeans Analysis s (R)

Assume a reasonable fit to the
() light profile, a potential and an
anisotropy distribution [5(7»)

Integrate Jeans Equations
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Mass modeling methods

Computational
cheap?

Compute all the relevant

DF based methods: :
model properties

Assume an analytic expression for the DF

flE, L) f<E) —7 p(;;)(xl ’ Ulos)

f J Get physically consistent

models

Distribution function based models of the Fornax dSph



DF depending on actions

T

Life-changing questions.

How to write any reasonable DF?
F=flxv

Jeans Theorems!

Adopt integrals of motion as

argument of the DF

e Which integrals? e and why?
The actions Flattening

(JT; qu) JZ) Rotation

Multi-component systems
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Model set-up and comparison to data

Setting the models:  Assume separate DFs for stars and dark-matter

Spherical models

Ful)=1. ()48, (1) (g
~———(p,..P,.)

and find the self-consistent pairs

Integrate for

2

IdQVde||f(J) n*(XJ_):J'd?) de”f<J)

p* ( XJ_ ) ,Ul ):
S ) . (x)
Model line-of-sight velocity Model octed densit
odel projected densi
distribution (LOSVD) Prel Y
® star-by-star analysis ® physical LOSVD Add a model for ‘
(no use of binned data) _I_ MW foreground
contamination
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Fornax samples

Data sets:

Spatial distribution
1 | | P | R
*  Walker et al. (2009)
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""" runcatlion radius
b) Projected stellar number
WL | density profile
/ * .
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Position-velocity diagram
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Fornax: a cored dark halo

J)=f, (J)+ J

ft0t< ) f*< ) fdm< ) Family re/lkpe]  (Probability)
Stars DF f*(J) : designed to MFL - 4.7x 1074
reproduce anisotropic stellar NFW halo —~ 3.4 x 10731
components, with truncation of Cored halo 1 0.34 1.2 % 10-8
adjustable steepness in the outer parts Cored halo 2 0.87 0.5
and cored in inner parts Cored halo 3 103 .
(Pascale et al. 2018Db) i :

DM DF fdm(J) : designed to
reproduce NFW-like models with the
optional presence of a core of

Five scenarios (families) have been
considered:

variable size in the inner parts of the * 3 cored halo families

density distribution (Posti et al. 2015, * NFW family
Cole & Binney 2017) e Mass-follows-light family

Best Model: Cored halo
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Fornax: a cored dark halo

0.05 , S T| “ o Family ro/[kpc]  (Probability)
A 0 __+_____1|] _____ g]__q]___ + i A1 MFL - 4.7 x 1074
g ‘I’Mﬂ, il NFW halo - 3.4 % 10731
—0.05 p—+—+—++ + ————t+—+—+h L —
o 5 | Cored halo 1 0.34 1.2 x 1078
- . ] Cored halo 2 0.87 0.52
TowE Projected E Cored halo 3 1.03 1
= . number ] ored e '
= - density
= ok profile _:
i : ' Five scenarios (families) have been
— .
S| considered:
+
107 F E 3 cored halo families
S f - £(J) Model ] NFW family
02 b III Observations i Mass-follows-light family
: o e :
0.1 1.0

R [kpc] Best Model: Cored halo
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Results

® Dark matter dominates over

Density distribution

stars over the full radial

CT 107 extent of Fornax

=
% e Largest core among the
E 0o b Te ™ 1.03 kpc family explored. Further
: f - Dark halo investigations show that

[ —— Stars . P <4 kpc
10° —l—l—l—l—H—H—I—l—l—l—l—H—H— =

- 10 g- Mass * NFW and MFL hypothesis

@ 3 . . . . . . . .
E 10k distribution rejected with high statistical
=y significance
o
Y

ol

107! 10°

r |kpc]

Distribution function based models of the Fornax dSph



Results

' ! ' ' ! Dark matter dominates over
1 FoxRE stars over the full radial

. 107 | e FHXCOI'el
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— Best Model P
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- 108k —— FnxMFL ! _ i

5 | possible models explored
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indirect detection
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14
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Perfect targets for dark

matter indirect detection

J-factor: proportional to the

Y-ray flux due to annihilation

+00 0d
J(0) 2—?[ dz | o’ RdR
> 0

D-factor: proportional to the
Y -ray flux due to decay

+00 0d
D(@):Z—f_f dz [ p, RAR
> 0

The higher the better!
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Fornax: indirect detection

Perfect targets for dark

@ Pascale et al. (2018) @  Geringer-Sameth et al. (2015) matter indirect detection
B  Evanset al. (2016) @  DBonnivard et al. (2015)

¥  Ackermann et al. (2014)
J-factor: proportional to the

184 f - 18.6 1= 1 N .
¢ Y-ray flux due to annihilation
18.3 | T T - B
18.4 = —
582 4 9§ 2N A e
JU
: T : . J(6)="= [ dz [ o> RdR
o 181 Y T % 12F - 2 dm
i 9, d” — 0
l/o_(—D\ 180 — L = EQ £
N (-]
% 17.9 | | 4 a8 8T 7
%% L ] gi ; D-factor: proportional to the
| ¢ s . Y -ray flux due to decay
17.7 = — l

+00 od
! | N | | I D(H):%_f depddeR
. 0

Not so much a bad candidate!
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Positive in
testing other
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Appealing in the
multicomponent
modeling when
separate stellar
components are

available
(Pascale 2018b,

in prep)
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First dynamical models based on DF of the Fornax dSph.

Improved data-model comparison, accounting for:
- Individual stars basis (no binning)
- Physical LOSVD

- MW contaminants

Best model: cored dark-matter halo, isotropic stellar

distribution

Accurate measurements of J-D factors

Test to other dSphs, ok
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Anxiliary: Slicdes



Performances of other models
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Performances of other models

FnxNFW FnxCorel

FnxCore2 FnxMFL
Best Model
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dark matter
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Performances of other models
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Mock test:

samples

100

Vlos [km /]

Application to mock

galaxy:

 Stellar component

3 embedded in a dominant

7 NFW halo

—100
0.0

" * Isotropic stellar velocity

distribution

400
B \ock
x 300

200

100

I
I Fornax

e Photometric and
kinematic samples similar

to the Fornax samples

8 10
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Mock test: results
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Mock test: results
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DF for dSphs

and GCs

k()|

M*f*(J):M*foeXp o

0, %
K(J)=J +n(|J,[+J )=J +nL
2
(04
= 1
(27J, ,)'T(3/a)

Free parameters:

. ( a, 77) : dimensionless
parameters regulating the
structural and kinematic model

properties
o M* : total mass

o J 0 " action scale

0.2 b) S
02 |8 <0.1 .
0 —_— :e::e:} :e:eeee} —
1k a) |
* 9 ]
3+ -

10-% & isotropic model .
5 ) ) ) ) L Il ) ) ) L ]
107! 10° 10!
/T
100 =
S
2 0
SAERL
3L N
07 e —— (a,n) = (0.5,0.75)
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DF for dSphs and

w Centari NGC 5904
I

NGC 5024
I

I LI | I I

10! | +4F +4F -

109
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1073

— 5 =0.50,x2=—1.65

ot L n=075,x2=-1.32
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[ =150, = -1.15
0> e
1.0

| | | | |
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About the best model

+ Pmember = 0.9 (2805 stars) : DPmemper < 0.9 (185 stars)

—100 |- | | ' .

100 , K : _

! ] ! I : ¢ l ] L l
0.0 0.5 1.0 1.5 2.0 2.5

R [kpc]
" Raffacle Pascale
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About the best model

R = 0.43 kpc
|

R = 1.09 kpc
|

—50

|
I Binaries

1 Sample B
I Sample A

Vlos

Sample A: whole cross-

matched stars

Sample B: cross-
matched stars without

binaries

LOSVDs computed in
two radial bins (inner

and outer Fornax)

Bins have approximately

the same number of stars
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Flattened models
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