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1. tour of the galaxy: summary
�tot = �bulge + �disc + �gas + �dm
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1. tour of the galaxy: summary ok, so what?

�tot = �bulge + �disc + �gas + �dm
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2. dark matter: localise or globalise?
local methods

aim: use data from a patch of the sky to
derive dynamics there.

+ “assumption-free”
� low precision

vs global methods

aim: use data across the Galaxy to
derive dynamics somewhere.

� global assumptions
+ high precision

[Kapteyn ’22, Jeans ’22, Oort ’32, Hill ’60, Oort ’60,
Bahcall ’84, Bienaymé+ ’87, Kuijken & Gilmore ’91,
Bahcall+ ’92, Creze+ ’98, Holmberg & Flynn ’00,
Holmberg & Flynn ’04, Bienaymé+ ’06, Garbari+ ’11
’12, Moni Bidin+ ’12, Bovy & Tremaine ’12, Smith+
’12, Zhang+ ’13, Bovy & Rix ’13, Loebman+ ’14,
Moni Bidin+ ’14]

[Caldwell & Ostriker ’81, Gates+ ’95, Dehnen &
Binney ’98, Sakamoto+ ’03, Dehnen+ ’06, Xue+ ’08,
Sofue+ ’09, Strigari & Trotta ’09, Catena & Ullio ’10,
Weber & de Boer ’10, Salucci+ ’10, Iocco+ ’11,
McMillan ’11, Nesti & Salucci ’13, Bhattacharjee+
’14, Kafle+ ’14, MP & Iocco ’15, MP, Iocco &
Bertone ’15, Sofue ’15]
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2. local methods

In a galaxy star encounters are rare and stars feel on average the smooth gravitational
potential. We can therefore treat a set of stars as a collisionless gas and apply the
collisionless Boltzmann equation, whose first momentum gives the Jeans equations:
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This is the so-called Oort limit.
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2. dark matter: localise or globalise?
local methods

aim: use data from a patch of the sky to
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2. global methods
�tot = �bulge + �disc + �gas + �dm

vc

r

rotation curve traces all matter

baryons

dark matter

v2
c = v2

b + v2
dm

v2
dm

sph.
= G Mdm(< r)=r ! �dm

[Dehnen & Binney ’98, Sofue+ ’09, Catena & Ullio ’10, Weber & de Boer ’10, Salucci+ ’10, McMillan ’11, Iocco+
’11, Nesti & Salucci ’13, Sofue ’15]

miguel pato (okc stockholm) 6



2. global methods
�tot = �bulge + �disc + �gas + �dm
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2. profile fitting
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2. profile fitting

[Catena & Ullio ’10] [Weber & de Boer ’10] [Salucci ’10]

[McMillan ’11] [Iocco+ ’11] [Nesti & Salucci ’13]

miguel pato (okc stockholm) 9



2. profile fitting �dm / (r=rs )�
(1 + r=rs )�3+
 [MP, Iocco & Bertone ’15, 1504.06324]
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2. profile fitting �dm / (r=rs )�
(1 + r=rs )�3+
 [MP, Iocco & Bertone ’15, 1504.06324]
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2. profile fitting �dm / (r=rs )�
(1 + r=rs )�3+
 [MP, Iocco & Bertone ’15, 1504.06324]
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2. profile fitting �dm / (r=rs )�
(1 + r=rs )�3+
 [MP, Iocco & Bertone ’15, 1504.06324]
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2. modified newtonian dynamics wait, what about MoND?

�

�
a

a0

�
a = aN a0 ' 10�10 m/s2

[Milgrom x3 ’83]
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spiral galaxies

solar system

[Bekenstein ’07]

[Gentile+ ’11]
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2. global methods
�tot = �bulge + �disc + �gas + �dm

R [kpc]
5 10 15 20 25

 [k
m

/s
/k

pc
]

ω

1

10

210

 =
 2

.5
 k

pc
cu

t
R

 =
 8

 k
pc

0
R

rotation curve data
baryonic bracketing

!2
c = !2

baryons + !2
dm

evidence for dark matter

[Iocco, MP & Bertone ’15,

Nat. Phys., 1502.03821]

profile fitting

[MP, Iocco & Bertone ’15,

1504.06324]

profile reconstruction

[MP & Iocco ’15,

ApJ Lett., 1504.03317]

miguel pato (okc stockholm) 14



2. profile fitting
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2. profile reconstruction
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2. profile reconstruction

Let us take a spherical dark matter distribution. Then,
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3. future directions?
local methods

aim: use data from a patch of the sky to
derive dynamics there.

+ “assumption-free”
� low precision

vs global methods

aim: use data across the Galaxy to
derive dynamics somewhere.

� global assumptions
+ high precision

[Kapteyn ’22, Jeans ’22, Oort ’32, Hill ’60, Oort ’60,
Bahcall ’84, Bienaymé+ ’87, Kuijken & Gilmore ’91,
Bahcall+ ’92, Creze+ ’98, Holmberg & Flynn ’00,
Holmberg & Flynn ’04, Bienaymé+ ’06, Garbari+ ’11
’12, Moni Bidin+ ’12, Bovy & Tremaine ’12, Smith+
’12, Zhang+ ’13, Bovy & Rix ’13, Loebman+ ’14,
Moni Bidin+ ’14]

[Caldwell & Ostriker ’81, Gates+ ’95, Dehnen &
Binney ’98, Sakamoto+ ’03, Dehnen+ ’06, Xue+ ’08,
Sofue+ ’09, Strigari & Trotta ’09, Catena & Ullio ’10,
Weber & de Boer ’10, Salucci+ ’10, Iocco+ ’11,
McMillan ’11, Nesti & Salucci ’13, Bhattacharjee+
’14, Kafle+ ’14, MP & Iocco ’15, MP, Iocco &
Bertone ’15, Sofue ’15]
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3. future directions?
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3. conclusion (fabio's and mine)

photometry vs kinematics

photometry: tracks baryonic matter

kinematics: tracks total matter

kinematics – photometry: tracks dark matter

local vs global methods

local methods: robust but low precision

global methods: model-dependent but high precision

profile fitting

MoND constraints

profile reconstruction

bottomline

The distribution of dark matter in the Milky Way remains largely unconstrained,

but Gaia and other surveys will shrink current uncertainties,

leading to a new precision era in mapping dark matter in the Galaxy.
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BACKUP SLIDES
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1. tour of the galaxy: summary

�tot = �bulge + �disc + �gas + �dm|{z} | {z }

kinematics traces total potential

R � 0:1� 30 kpc rotation curve tracers

R � 8� 60 kpc star population tracers

R � 100� 300 kpc satellite kinematics

R � 300+ kpc timing in Local Group

photometry traces individual baryonic components

bulge star counts, luminosity, microlensing

disc star counts, luminosity, stellar dynamics

gas emission lines, dispersion measure

�������)
�
�

�
�
�

�
�

�
�
��	
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1. galkin

coming soon: galkin, public code in python

user-friendly interface

data & parameter selection

output rotation curve

output positional data

[MP & Iocco, in progress]miguel pato (okc stockholm) 22



2. galactic parameters
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[Iocco, MP & Bertone ’15, 1505.05181]
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2. modified newtonian dynamics wait, what about MoND?
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2. modified newtonian dynamics wait, what about MoND?
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a = aN a0 ' 10�10 m/s2

[Milgrom x3 ’83]

a! R!2
c aN = R!2
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�std(x) = xp
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spiral galaxies
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