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Introduction

Rotation curves
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1. Mass distribution of galaxies

@ M(R) « RVZ(R)
@ The rotation curves are important tools in studies of the structures and mass
distribution of galaxies.

2. Evidence for dark matter

@ In the outer parts of the galaxies, V:(R) o 1/+v/R if visible components only.

@ The flatness of the outer rotation curves implies that the galaxies contain large
amounts of unseen matter — dark matter.
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Rotation curves
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1. Mass distribution of galaxies

@ M(R) « RVZ(R)
@ The rotation curves are important tools in studies of the structures and mass
distribution of galaxies.

2. Evidence for dark matter

@ In the outer parts of the galaxies, V:(R) o 1/+v/R if visible components only.

@ The flatness of the outer rotation curves implies that the galaxies contain large
amounts of unseen matter — dark matter.




Workshop@IAP — The Milky Way and its environment: gaining insights into the drivers of galaxy formation and evolution

Introduction

Rotation curve of the Milky Way: disc tracers

@ Tangent-point @ Radial velocity
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Challenges:

@ Poorly distance
determinations in the
outer Galactic disc

@ Significant
perturbations by
non-axisymmetric
structures (e.g. central
bar, spiral arms)

Image Credit: R. Hurt
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Introduction

Rotation curve of the Milky Way: disc tracers

@ 3365 APOGEE red giant
stars (warm tracers)

@ Over 100 masers from
BeSSel survey (cold tracers)
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@ Distance determinations: poorly

@ Perturbations: relatively small

Reid et al., 2014, ApJ, 783, 130 |
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R (kpc)

@ Distance determinations: accurate

@ Perturbations: significant
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Introduction

Rotation curve of the Milky Way: halo tracers

@ 2401 BHB stars @ 1457 BHB stars; 2227 K giants;
16 GCs, 28 FHB stars, 21 dSphs
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Challenges:

@ The halo density profile: inner halo & outer halo
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@ The velocity anisotropy parameter § =1 —
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Remarks of the current Galactic rotation curve

measurements

1. Tracers in the inner disc region

@ The distribution and kinematics of cold gas are significantly perturbed by
central bar in the innermost region (i.e. R < 4 — 4.5kpc)

4

2. Tracers in the outer disc region

@ Poorly distance determinations

@ Significant perturbations (especially for cold tracers)

3. Tracers in the halo region

@ Halo density profile

@ Velocity anisotropy parameter
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Data sample

Primary red clump giant stars & Halo K giant stars

PRCGS Select purely (>90%) PRCGs based on their position in
color—-metallicity—surface-gravity—effective-temperature space.
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@ Standard candle: distance
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@ Warm population: relatively
insensitive to the perturbations
caused by non-axisymmetric i
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The final sample

PRCG sample HKG sample
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@ To ignore the vertical motions and to minimize @ To exclude possible contamination from the disc
the contamination of halo stars, we have population, we have selected only those HKGs of
restricted the PRCG sample to stars of |b| < 3° |z| > 4kpc.
and [Fe/H]> —1.0. @ Finally, 5733 HKGs are left.

@ Finally, 15,634 PRCGs are left (11,572 from
LSS-GAC and 3792 from APOGEE).
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Methods, results & discussions

Rotation curve from PRCG sample
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Rotation curve from PRCG sample
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Rotation curve from PRCG sample
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Rotation curve from PRCG sample
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The systematic errors of rotation curve
resultant as a consequence of our adopted
canonical values of parameters are likely to
be smaller than 5 km/s.

The newly derived RC shows a prominent
dip at R~11 kpc.

The possibility that the derived RC is
affected by the non-axisymmetric structures
cannot be ruled out.
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Rotation curve from HKG sample

Spherical Jeans equation:

For the stellar density, a double

power-law distribution is assumed:
< dIny dlno?

VZ(R) = —0o} r B),

e (1) a dInr dInr +25),

1.00
2 2
o + o
B=1—-""—>2

Fit to XSTPS RRLs;
1 W09 profile

=
S
T

-2

ver

Density (kpc®)

4 r < 20kpe

TR
001 vor .7 > 20kpc

2 2 2 _ R2)2
A(r) = T 4+,.2RU o (r 0) 1

10 2
‘7‘ + Ro | * (k29
8r3 Ro r— Ry




Workshop@IAP — The Milky Way and its environment: gaining insights into the drivers of galaxy formation and evolution

Methods, results & discussions

Rotation curve from HKG sample

Spherical Jeans equation:

. dInv
vz2 =0}
e () o dlnr
B—1_ o5 +§0'(_,
202
o, =

4+ Ry (r?— R‘f,)’l

dlno?
dInr

+28),

r + Ro

A(r) =

4r2 813 Ro r — Ro

n|

The radial velocity dispersion profile
is derived from the observed
line-of-sight velocity dispersion:

o, (km s™)
ERARRRR ==
e
I
T




Workshop@IAP — The Milky Way and its environment: gaining insights into the drivers of galaxy formation and evolution

Methods, results & discussions

Rotation curve from HKG sample

Spherical Jeans equation: _
For the anisotropy parameter,
adopted the results available in the

dIny dlnc? literature:
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Rotation curve from HKG sample

Spherical Jeans equation: i )
The final rotation curve for the halo

region:
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Combined rotation curve & Galactic mass distribution
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Methods, results & discussions
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Summary

@ The Galactic rotation curve between 8 and 100 kpc in Galactocentric
radius has been constructed using PRCG samples selected from the
LSS-GAC and the APOGEE surveys, combined with a sample of halo K
giants selected from the SDSS/SEGUE.

@ The newly constructed rotation curve has a generally flat value of 240
km/s within a Galactocentric radius r of 25 kpc and then decreases steadily
to 150 km/s at r~100 kpc. On top of this overall trend, the RC exhibits
two prominent localized dips, one at r~11 kpc and another at r~19 kpc.
The dips could be explained by assuming the existence of two massive
(dark) matter rings in the Galactic plane.

@ From the newly constructed RC, combined with other data, we have built a
mass model of the Galaxy, yielding a virial mass of the Milky Way's dark
matter halo of 0.9 x 10"?M, and a local dark matter density,

PDM,sun = 0.32 +0.02 GeV cm 3.

@ More details, see Huang et al. 2016, MNRAS, in press (arXiv: 1604.01216).
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