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Rotation curves of other galaxies

Measured starting from 
late 1930s:

 21cm H line

 Spectroscopy of stars

Along with high velocity 
dispersion in Galaxy 
clusters – one of the 
first hints on the dark 
matter (realized in 
1960s and 70s)

Rotation curve of M33 (Data from Corbelli & Saluc-
ci (2000). Image by Stefania.deluca in Wikipedia)



Rotation curve – why to study?

Rotation curve is needed to understand:  

 Density distribution throughout the disk/ galactic potential 

-> testing galactic models/ studying shapes of DM halos

 Dependence of galactic kinematics on its formation environment 

-> Is there a universal rotation curve?

 Galactic evolution and merger history 

-> see NGC 4505 and NGC 7212 with nested counter-rotating disks



Galaxies vs the Galaxy

Outside Inside

Problem of parallaxes!



Techniques to infer v
c
(R)  

(Sofue+2009)

From cold gas (Tangent point method):
 Orbits are assumed circular
 Distances are inferred geometrically

 
 Might be imprecise if orbits are non-circular 
 (Chemin+16)/ Absolutely wrong for bar region

From other tracers:
 HII regions, O-B stars
 Masers (VLBI interferometry)  
 Disk stellar populations 

Large distance errors/ difficult to correct for asymmetric drift

(Picture from Carroll & Ostlie 
1996, Introduction to Modern 
Astrophysics, Addison-Wesley.)



What is a measure of Galactic rotation? 
Part 1. 

1. We need a rest-frame. 
Local Standard of Rest (LSR) = (0,v

0
,0)

2. Sun and other stars move with peculiar velocities (U,V,W) relative to the LSR

3. We measure relative velocities of stars with respect to the Sun (ΔU,ΔV,ΔW)

To transform relative velocities into LSR frame 
we must know (U☼,V☼,W☼) 



What is a measure of Galactic rotation? 
Part 2. 

(ΔU,ΔV,ΔW) (U,V,W)

(U☼,V☼,W☼) v
0 
= v☼ - V☼

 

(u,v,w)

(V
r
,V

φ
,V

z
)

in Galactic frame

V = V☼+ΔV v = V + v
LSR

  

v☼ = 241.6 ± 16 km/s
μ(Sgr A*) = 6.37 ± 0.02 mas/yr (Reid&Brunthaler 2005)

R
0
 = 8 kpc (see Bland-Hawthorn&Gerhard 2016)



What is a measure of Galactic rotation? 
Part 3. 

V
φ  

- is it what we want to study?

Problem 1: Different stellar populations rotate differently (asymmetric drift)
Problem 2: Rotation is slower at higher |z| (change in potential with height)

Definition:

speed of star on a circular orbit at 
distance R in the Galactic plane. 



v
c
(R) by different authors: local dip?

Data points: masers+HM disk stars (Reid+2014, blue), Sofue+2009 
(black and gray), PM of disk RCG from Lopez-Corredoira 2014 (red), 
BHB stars (Kafle+2012, green), and stream modelling for GD-1 
(Koposov, Rix&Hogg 2010) and Pal-5 (Kupper+2015, black stars). 

(Bovy+2012)

(Sofue+2009)

(Huang+2016)

(Bland-Hawthorn&Gerhard 2016)



Goal of this work

 Check the rotation curve’s shape on the presence of the local dip 
(R ~ 9 kpc as in Sofue+2009)

Approach: 
Use a homogeneous method to construct the rotation curve from the sample 
covering Galactocentric distances ~ [7-10] kpc. 



Jeans analysis: our method



Data: SDSS/SEGUE G-dwarfs
Sloan Digital Sky Survey (SDSS)

(York+2000)

Sloan Extension 
for Galactic Understanding and Exploration (SEGUE)

(Yanny+2009)

- spectroscopy + ugriz multicolor imaging
- mapping local Universe in 3D

+ large number of stellar spectra for MW stars

G-dwarfs selection:
r < 20.2

0.48 < g − r < 0.55
+ Distances from Lee+2011 

Thin 
disk

[α/Fe]<0.25
|z|<1.5 kpc

11 136 

Thick 
disk

[α/Fe]>0.25, 
|z|<2 kpc, 
[Fe/H]>-1.2

7 040 

The Sloan Foundation 2.5-m Telescope
Apache Point Observatory, New 

Mexico, USA

(Yanny+2009)



Data: SDSS/SEGUE G-dwarfs
 Stars lay high above the Galactic plane
 G-dwarfs are dynamically heated tracers!

Thoughtful analysis of asymmetric drift 
is needed.



Asymmetric drif

Dynamical heating by scattering on molecular 
clouds and spiral arms (Just&Jahreiß 2010) 

σ
i
 ~ τβ

Asymmetric drift seen in 5 color-
bins for RAVE DR3

: Rotationally supported vs pressure supported systems



Jeans analysis
For axisymmetric and steady-state system motion of a stellar population is given by:



Jeans analysis
For axisymmetric and steady-state system motion of a stellar population is given by:

Assumption: Tilt of velocity ellipsoid 
changes slowly with z

Assumption: Constant 
thickness of the disk 2R

E
=R

d



Jeans analysis



Jeans analysis

Derive from 
SEGUE data



Jeans analysis

~ 0.8 
(Binney 2009)

Assume 
Galactic 

potential and 
calculate with 

GalPot code or
analytically 

Take from the local 
disk model 

(Just&Jahreiß 2010) 

Derive from 
SEGUE data



Jeans analysis

~ 0.8 
(Binney 2009)

?
Derive from 

SEGUE data

(U☼,V☼,W☼)
must be known

Assume 
Galactic 

potential and 
calculate with 

GalPot code or
analytically 

Take from the local 
disk model 

(Just&Jahreiß 2010) 



Jeans analysis at R = R0

Known from Sgr A* pm

=

New Strömberg relation

Populations with different kinematics are required



Inferring the peculiar velocity of the Sun 

(10.0, 5.2, 7.2) km/s (Dehnen&Binney 1998)

V☼ = 26 ± 3 km/s 
(Bovy+2012)

V☼ = 3.06 ± 0.68 km/s 
(Golubov+2013)

V☼ = 7.62 +0.13/-0.16 km/s 
(Sharma+2014)

(11.1, 12.24, 7.25) km/s (Schönrich+2010)

?



Data: RAVE DR5

(RAVE Collaboration)

+ UCAC5 proper motions
+ new distances from McMillan+2017

+ JHK
s
 photometry from 2MASS

- kinematically unbiased spectroscopic survey 
- mapping extended solar neighborhood

Selection criteria:
|b| < 20°

0.75<K
s
– 4(J - K

s
)<2.75

SNR > 30, δd/d < 0.5

Thin disk [Mg/Fe]<0.2
|z| < 1.5 kpc

23 478

Radial Velocity Experiment (RAVE)
(Steinmetz+2006)

UK Schmidt Telescope
Anglo-Australian Observatory

Siding Spring, Australia



Applying the new Strömberg relation 

➔ V'(σ
R

2) ~ linear
➔ From simultaneous fit of three 

metallicity bins:

V☼ 4.45 ± 0.8 km/s 

R
d
(-0.5<[Fe/H]<-0.2) 3.04 ± 0.44 kpc

R
d
(-0.2<[Fe/H]<0) 2.28 ± 0.26 kpc

R
d
(0<[Fe/H]<0.2) 2.07 ± 0.2 kpc

Sysoliatina,Just,Golubov+2018



RAVE and SEGUE consistency check

➔ V'(σ
R

2) ~ linear
➔ From simultaneous fit of three 

metallicity bins:

➔ From V☼ and SEGUE points :

R
d
(-0.5<[Fe/H]<-0.2) 3.62 ± 0.43 kpc

R
d
(-0.2<[Fe/H]<0) 2.54 ± 0.26 kpc

R
d
(0<[Fe/H]<0.2) 1.93 ± 0.23 kpc

V☼ 4.45 ± 0.8 km/s 

R
d
(-0.5<[Fe/H]<-0.2) 3.04 ± 0.44 kpc

R
d
(-0.2<[Fe/H]<0) 2.28 ± 0.26 kpc

R
d
(0<[Fe/H]<0.2) 2.07 ± 0.2 kpc

Sysoliatina,Just,Golubov+2018



Reconstructed Rotation Curve 



Rotation curve of the extended solar neighbourhood

v
c
 ~ Rα, α = 0.029 ± 0.034 v

0
 = v

LSR
= 241.6 – 4.45 = 237.15 km/s  

Sysoliatina,Just,Golubov+2018



Application to the thick disk



Thick disk scalelength 

V☼ = 4.45 ± 0.8 km/s

R
d
 = 2.14

 
± 0.05 kpc

(In agreement with Minchev+2015, 
Bovy+2012, Kordopatis+2017)

 

Sysoliatina,Just,Golubov+2018



Summary

 We used classical Jeans analysis and reconstructed rotation curve for 7 kpc < R < 10 
kpc from SEGUE G-dwarfs. 

 The shape of the rotation curve is approximately flat, 
no dips around R=R0 kpc are found.

 Side-results, also with use of RAVE DR5 data:
➔ V☼ = 4.45 ± 0.8 km/s, 
➔ R

d
(-0.5<[Fe/H]< -0.2) = 3.62 ± 0.43 kpc, 

➔ R
d
(-0.2<[Fe/H]<0) = 2.54 ± 0.26 kpc, 

➔ R
d
(0<[Fe/H]<0.2) = 2.54 ± 0.26 kpc   

➔ R
d
(thick disk) = 2.14 ± 0.05 kpc

 Accounting for asymmetric drif is crucially important when using dynamically 
heated populations! 



Thank you!


