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Charting the Galactic acceleration field
Il. A global mass model of the Milky Way from the STREAMFINDER Atlas of Stellar Streams detected in Gaia DR3

ABSTRACT

We present an atlas and follow-up spectroscopic observations of 87 thin stream-like structures de-

tected with the STREAMFINDER algorithm in Gaia DR3, of which 29 are new discoveries. Here we
focus on using these streams to refine mass models of the Galaxy. Fits with a double power law halo
with the outer power law slope set to —(;, = 3 yield an inner power law slope —v;, = 0.97 +8 %z, a scale
radius of 7o, = 14.777 +4.7 o kpc, a halo density flattening q,, » = 0.75 £ 0.03, and a local dark matter
density of pp o = 0.0114 4+ 0.0007 M pc™°. Freeing S yields 8 = 2. 53+8 ‘1%, but this value is heavily
influenced by our chosen virial mass limit. The stellar disks are found to have a combined mass of
4, 20+8 ég x 1019 M, with the thick disk contributing 12.4 4 0.7% to the local stellar surface density.
The scale length of the thin and thick disks are 2.1779 5% kpc and 1.6210 72 kpc, respectively, while their
scale heights are 0.3477505 kpc and 0.861005 kpc, respectively. The virial mass of the favored model
i1s Mogo = 1. 09+8 i?l x 1012 M, while the mass inside of 50 kpc is Mr<50 = 0.46 +0.03 x 1012 M. We
introduce the Large Magellanic Cloud (LMC) into the derived potential models, and fit the “Orphan”
stream therein, finding a mass for the LMC that is consistent with recent estimates. Some highlights of
the atlas include the nearby trailing arm of w-Cen, and a nearby very metal-poor stream that was once
a satellite of the Sagittarius dwart galaxy. Finally, we unambiguously detect a hot component around

the GD-1 stream, consistent with it having been tidally pre-processed within its own DM subhalo.




Section 1
STREAMFINDER results for the full Gaia DR3 dataset

N=33million RV data
Spectroscopic survey data
Dedicated follow-up data

Publish the full Gaia DR3 stream catalog

Outline:
Section 2. 7L X LDZETHES

Section 3. follow-up spectroscopic observations

Section 4. new sky maps and detections.

Section 5. modelling of the streams assuming that MW is axisymmetric and that its center defines the origin of an inertial frame around which the streams orbit
Section 6. generalize the model to allow the Local Group galaxies to move under the influence of each other, and the streams will be modelled as dissolving systems.
Section 7. how we use test particle simulations to correct simple orbit integrations, and thus greatly speed up the exploration of the parameters of the model.
Section 8. stream-fitting analysis

Section 9. we briefly summarize some salient streams



Section 2

stream contaminant
lnE — Z 11’1 [nPstream(e) + (1 - 77) Pcont] ) (1)

data

eta: stream fraction

Stream model: a stellar population along a simple orbit convulsed by Gaussian

Pstream(e) :Plength X Pwidth X PLF X Pcolor X Pu X Pw |_ = 20 deg
o I
width = 50 pc
=Pyiream . (0) X P, "
2) P_mu = (5 km/s dispersion)
P_pi = (50 pc line-of-sight distance dispersion)
Peont (@, 6, ftas 6, G, Gp — Grp, @, v) = P_v = (6 km/s dispersion)
’P(i)ag%er H(a7 57 Moy 1§, G7 GBP — GRP: w) (3)
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This PGMM term is calculated from the available velocities in large (5.6 deg x 5.6 deq) tiles of a zenithal equal area projection of the sky.
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Section 4

v [kms™1]

N=24540 non-RR Lyrae stars with In Lhat > 19.8 (6-sigma detection)

200 7 e oo 000 o
100 7 °%, .r
\ 3
s}
o
0 - o
v
.~ 0
- i " 3¢
100 .’:" °
o8%"°* *
—-200° , , |
-20 0 20

¢1 [deg]

1C-20

» 2New-1
* 3 NGC288
2 TLAS
hoenix
wando
¥ . ew-2
©_ . {8New-3

el o

10
30 -
25 - " 12 -
T 20 - .
- o. o
g 15 s O
[a— 16-
§ 10 - ¢
5 ¥y
’y - 18 1
0] » o et e— -
T T T 20'
-20 0 20
¢1 [deg]

0.5 1.0 1.5 2.0
(Gep — Grp)o

57
North
Gal. cap

1 C-20

2 New-1
3 NGC288
@ ATLAS
® Phoenix
® Kwando
@ New-2
8 New-3
9 C-13
10 Gaia-12
11 Hydrus
@ NGC1261

30

® NGC1261a
@ NGC1261b

@ Indus

16 NGC1851

17 New-4
18 New-5
19 Leiptr

C-12
New-6

22 New-7

23 NGC2298

24 c-25

25 C-11

26 NGC2808

27 New-8

@ New-9
@ New-10
8 c-10
@ New-11
82 New-12
33 Gaia-10
34 Gjoll
35 C-9

‘ C-24

2

@ New-13
88 New-14
@ slidr
40 New-15
41 Yigr
42 Sylgr
43 New-16
Gaia-7
: Gaia-8
46 New-17
@ Fjorm

48 Orphan

4

s
.

6

mod(stream D, 8)

)

(o3

N

) D
.‘“

75

.
-
-

—

-,
.

s

49 Gaia-1
50 C-23
51 LMS-1

@ C-22

@ GD1

3 »

64 Fimbulthul
85 Fimbulthul-S

56 New-18

57 NGC5466

58 New-19
59 Gaia-6
6D New-20

X

@ ral-5
62 M5

63 Kshir
64 Svol

65 Gaia-9

66 Ophiuchus
67 NGC6101

M92
NGC6397

@0 Gaia-11
@ Hrid
72 c-7

o\

Gal. cap

73 New-21
74 New-22
75 Phlegethon
. NGC7089
' NGC7099
@ New-23
@ New-24
80 New-25
81 New-26
82 New-27
83 New-28
‘ NGC7492

@ c19
€6 Jhelum
) Tuc-3



Section 5 MW (ZIHIZ %, MWHULD Y EID R L

MW model
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s) = — — e~ /Tt
Ps( ) Po (TQ) (1 + 7”0) , (9) r_t — 1000 kpC —6\ =]

where s = 1/R2?+ 22/g2, is an ellipsoidal coordinate.

il

JNJLY : McMillan (2017) TEE

Parameters

structure of MW ... 11 parameters (thin/thick disks [3x2], DM halo [5])
GD-1 stream ... 4 parameters (centroid known)
the other 28 streams ... 6 parameters (6D phase-space information)

Data 29 long and thin streams

N=1397 data points:

... 1098 stars with RV

... 0 globular clusters

... 294 Gaia RR Lyrae stars (no RV)

BT — % stellar disk [EEEEA%R... Eilers et al. (2019), R<15 kpc only (warph'ds B D THIRKERT — 4 HE1R)

HI gas #&im&EE ... McClure-Griffiths & Dickey (2007, 2016), bar T I$IEFEENHH B D THELR

Vertical force at z=1.1 kpc ... Kuijken & Gilmore (1991)
stellar density measurements near the North Galactic Pole (z< 5kpc) ... Ibata et al. (2017Db)...

SEBRIIC I thin/thick DEIGZHIE T % D ICFFE
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