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Local measurements

Local vertical kinematics analyses

Label z range
McKee+15 —

Xia+16 0.2<2<1.5

Sivertsson+18“  |z| ~ 0.5-1.2 (y)

2| ~ 0.6-2.3 (o)

Tracer description

comprehensive list
of star and gas
observations

1427 G & K stars
(LAMOST DR2)

G dwarfs from [60]
(SDSS/SEGUE)

PDM, 0O
0.49 +£0.13

gi60te

0.467 505 (v - tilt)
0.48100% (v - no tilt)
0.7315:02 (o - tilt)
0.467905 (o - no tilt)
0.4010:0% (y+o - tilt)

O j\( Ig;%- ﬁ{% d) |\ l/ —_— -Ij- - "_IE=_IE O) ﬁl \ I_'— )' I-Il:l 1 d) EEE Hagen-+18 2] ~ 0.6-1.5 Z%dGi%n;p;f,{/sE . 0.68 - 0.08

i

SR («— 7 ) DE

i 0 (RI/O'Rz)

R OR
N——— ——

tilt term T

LEHE-REAF

= EJeans HIET,

Guo+20° 0<|z| <1.3

Salomon+20° 0.6 < |z| <3.5

Very local analyses
Label Spatial cuts

Schutz+18 |z| < 0.2
AR’ <0.15

Buch+19 |z| < 0.2

AR < 0.15

~ 90000 G & K stars
(LAMOST DR5 x Gaia DR2)

43 589 red clump stars
(Gaia DR2)

Tracer description

1599 A stars

16 302 F stars

14 252 G stars
(Gaia DR1 [TGAS])

4445 A stars
37707 F stars
43 332 G stars
(Gaia DR2)

0.5012-9% (N+S, P(Z.))

0.27t§;§§ EN+S, P(p«,0))
+0.
8'?318192 EIS\I,I{’D((;: *))))
. —0.12 ) *
0.51 %+ 0.09 (N)
0.37 £ 0.09 (S)

PDM,0®

1.4310-22 (A stars)
0.71759% (F stars)
0.1575:3% (G stars)

0.617933 (A stars)
1.4870-30 (F stars)
0.42F02% (G stars)

Poisson A=

82—@+1i Ra_q)
0z2 ROR\ OR

EITDlocal analysisDiER (2012.11477)

Kapteyn, J. C. 1922, ApJ, b5, 302, Jeans, Oort
Jeans J. H., 1922, MNRAS, 82, 122
J. . Read, arXiv:1404.1938

1 0vi(R, 2)

rotation curve term R




Distribution function fitting analyses of disc stars

Label Main cuts Observational inputs PDM,O

Bienaymé-+14 AR < 0.5 4600 red clump stars 0.542 £ 0.042
0.2< —-2<2 (RAVE x 2MASS x UCAC)

Pifl4+14/15° |R— Rg| <1 e Giant star kinematics (RAVE) 0.50-0.62
12| < 1.5 (|R— Re|<1&|z| <1.5)

Binney+15°¢ e Vertical dens. distr. (SDSS) 0.50
Global measurements P
Cole+17¢ e Maser kinematics 0.456-0.527
e Proper motion of SgrA*

Jeans anisotropic modelling of disc stars

Label Main cuts Tracer description PDM,®

Label Main cuts Observational inputs PDM,O R
McMillan 17 4 S RS20 e Maser kinematics 0.40 £+ 0.04 8.20 = 0.09

= —\\ e \}
‘ f d)) I I f \\I:lJ 0) ﬁiu!\z E/\] oy E | ) l/ @ 7 /r \\/ /r \/ { 7\ Nitschai+20 3.6 < R<12 ~ 2 million giant stars 0.437 £ 0.076
) ’.fK/ —7 -~ L J j |z] < 2.5 (Gaia DR2)
Galactic mass models driven by circular velocity data
- ~, —
RERAR DN S A
e GGas terminal velocities
e Proper motion of SgrA*

gjj /_I—{)j—_ \/ \\/ —\7 } l/7b\ 5 e Vertical force at 1.1kpc

e Total mass at 50 kpc

Ll
LU

e e.0.[o

himli

Cautun+20 5<R<25 e v(R) curve from [47] 0.33 &+ 0.02 8.12 + 0.03
(Gaia DR2 x APOGEE
X WISE x 2MASS)
e Total Galactic mass
e Vertical force at 1.1kpc

(Galactic mass models from halo stars

Label Main cuts Observational inputs PDM,E
Wegg+19¢ 1.5 <r <20 15651 RR Lyrae halo stars 0.35 = 0.08
e [ ——— R AN —— - T J
T BINRE, BN ZRE U 8RR («7) D (PanSTARRSL x Gaia DR2)

Hattori+20 r’ < 20 e 16197 RR Lyrae halo stars 0.342 4+ 0.007

rjj— |J|:'__ @JeanSj]_*%ﬁh\ 5 (Gaia DR2)

e v.(R) curve from [47]
e Vertical force at 1.1kpc

8 1I1 1% 8 hl U% T Dglobal analysis®#ER (2012.11477)

Lt Oln R y Oln R
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2Zalb—Y 3o RESNSDMEE

o 3 DDiIRAI(DM/\O—) ~ ppu=0.396 GeV/cmA3, M. Zemp et al.,
g1536DM |  gl1536  gl5784 | arXiv:0812.2033: Via Lactea || DMO

(DM-only) § (DM-+baryons) (DM-baryons)] "
Simulation T SI m u I atl O n E__K }Lx_ j:/;j
Virial Mass [Mg] 7.48 x10M 5.84 x10M 1.50 x10!2

yiclal actus pe =00 143 428 B REETS & povDsubstructureh B 2% M
DM particle mass [Mg)] 1,33 108 1.11 x10° 1.11 x106 -  =JEFRE/C < Ppy 25 :

Circular velocity (a — c) km/s .
pirrengh pireivos b B ad Vogelsberger et al., arXiv:0812.0367;

Torus (r; = 8 kpc, r2 = 2 kpc)
Number of DV D3

;“Aragb'M denm[ewcm‘” 46 0493 | Aquarius DMO simulations, EKx 13

““Average velocity (U,V, W) [km/s| (0.0, 5.3, =0.5) (2.7, : .9, 3.
Velocity s.d. (oy,ov,ow) |km/s] (109, 95 90) (144, 128, 121) (205 166, 177)
RMS speed [km/s] 98\f 13343 184f
Maximum speed [km/s] 359 454 600.

MaGICC cosmological simulation
Chris Kelso et al., arXiv:1601.04725

10°®

Distribution Function 1
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eagle HR simulation
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Via Lactea |

_ ISimuIal n, J. Diemand et al.
arXiv:0805.12
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Steller Stream

e Streams by SDSS-Gala ® Sagittarius Streams

Credit: NASA/JPL-Caltech/R. Hurt (SSC/Caltech)

S. T. Sohn et al.,
arXiv:1611.02282
Hubble Space Telescope

20

G.C. Myeong et al,,
arXiv:1712.0407 1
SDSS-Gala




-5 —LEEITEE

1 L—Y 3> 7TlE. DM&metal-poor’i[BED

/7
///

t”ﬁ-
G+
IT=H
OFF

=

[E—

OP—‘NUJ-hlJ‘lO\\]OO\OO

Eris Galactic Velocity Distributions

Ir — ro| < 2 kpe, |zpm|<2 kpc
[a/Fe]>0 2, [Fe/H]<-1

[rv/F‘ 1»0’) [F /T—ﬂ( 2
[a/Fe]>02 [Fe/H]<-3
e AT NEATS X )./
—DM r—‘[

L

L400-300-200-100 0 100 200 300 400 %00~ 300-200-100 0 100 200 300 400 —400-300-200-100 0 100 200 300 400
Vvp [km/s] v, [km/s] ve [km/s]

~
=%
2]
E
-
[E—
—~
&,
L
o
o
—

OF—‘NUJ#—UIC\\]OO\DO

Eris simulation
J. Herzog-Arbeitman et al., arXiv:1704.04499

e Steller Streamh¥$ %7 5DM Streamb H 3139

21



DM Stream

o I

R (EVWEANREE/\O—) &

By debris(&HWEANGER)INEFE

|
)
~~

g
=,
—

=
=
S
(5]
o
) e |

SDSS-Gaia DR2 ; Direct Detection Limits
Heliocentric |v| Xenon Target

|2| >2.5 kpc === Halo
d. <4.0 kpc \ =us:1 Subs
e Total

- SHM

SDSS-Gaia DR2
L. Necib et al., arXiv:1807.02519

T, Fukushige, J. Makino, astro-ph/0008104
R. A. Ibata, G. F. Lewis, M. J. Irwin, astro-ph/01 10690

o WCTEERKNY —LAICHSDM Stream

ARRED S SR L4 TR 2% AL

' 8Ge detector
| My=60GeV

with Sgr
., stream
Galactic =
Halo WIMPs

CS, detector
My,p=60GeV
EG,=-20keV

=60 T T
—60 —40 —20 O 20 40 60
Eq, [keV]

June 28

—
)
=
|
>~
©
o
|
Q)
e
N
0
E )
a
3
(@)
O
=
o
B
o
o

— — December 27

K. Freese, P. Gondolo, H. J. Newberg, astro-ph/0309279

22


https://arxiv.org/search/astro-ph?searchtype=author&query=Ibata,+R+A
https://arxiv.org/search/astro-ph?searchtype=author&query=Lewis,+G+F
https://arxiv.org/search/astro-ph?searchtype=author&query=Irwin,+M+J

HA 7

e 80-110{E4HiIC
. SRR S BRI - OE

#RA] R

p—

H

mi

- [EE+5X+DM

Effect of ngy,

.00 125 150  L75
logy(1my) [GeV]

flv) =(1

Direct Detection

— nsub)fhalo ('U) T nsubfsub ('U)

J. Buch et al., arXiv:1910.06356

V. Belokurov (Cambridge, UK and CCA, New York,

US) based on the image by ESO/Juan Carlos Munoz

Y —t—

g UTcE/I\g

v-floor (Xe)

Motions of 7,000,000 Gaia stars

Galaotlio disc

high positive spin

200

-200

@
£
X
c
o
lg
(@)
£
S
3
S
o
—
o

The Séusage

igh negative spin

=~ h

o the centre of the Galaxy from the centre of the Galaxy

200 0 200
radial motion, km/s

V. Belokurov et al., arXiv:1802.03414

credit: V. Belokurov (Cambridge, UK and CCA, New
York, US) and Gaia/ESA

Directional Detection: N. W. Evans et al.,
arXiv:1810.11468

Round halo

905

Sausage

QN ¢ AN\ 1R(0) o o R0°180° L o
1500 12060, S 1801: | ] 0150 12008607 -
-60° <= -;_,/"/, _60° . -60°

—gpe LT — — < _g90° L —

I 1 0 ot

ol = 107% em?
0 20 40 60

Z «
po = 0.55 GeV cm 3
d*R —4 —1 1 -1 o1
g0, 1077 ton™" year™ keV ™ sr]

Gas: He:SFg (740:20 torr)
E,. =5 keV



DM streamZz B EH TR S h%ib‘

!'j—l‘/_':

KN, T. [keda, R. Yakabe, T.
Naka, K. Miuchi,
arXiv:1707.05523

o
Mt}
83
3t
S
\LL
TIT
ll!l Y

~I§“
S
~
a3
N
=
S~

v, (km/s)

B anisotropic
component
25%
Ling, Nezri, Athanassoula, Teyssier (2009) 0 360 350 400 450 500 24

M



&= DRV 7T R Z RN

— NFW

Pseudo Iso-thermal

O(/S /OJ/ Einasto

C'I')_I
&
o

S~
>
)
2
=
‘»
c
)
O
=
0

1 10
Distance from G.C. [kpc]

o IRIROFLAMICIEDMA L &

ABRELTWSIET
KEZRDETAHR - SRAROFLA
[EH S DMDE|FE ?

25




%7? ﬁ‘-: :H&EIJ lJ T Z"] é n% D M KN, S. Higashino, T. Naka, K. Miuchi,

arXiv:2211.13399

LI ADLEVNY; F&'J7'J\ 2k 9 5 AR EZ MEICHRIEAIBERIZE B

23k 9 2DMD A MR
mDM=0.01GeV
NFW profile
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Direct summation
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