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1. Rotation

Curve
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Rotation velocities
Inside/outside Solar Circle




Rotation curve at R>30 kpc
assuming random motion of
satellite galaxies

Define:
Vrot =Vvirial = \/2 Ve




Solar Circular Velocity Vo=200 km/s @ Ro=8kpc




2. Mass Model




RC Fitting by
(1) Bulge: de Vaucouleurs Law

(2) Disk: Exponential
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de V < exp(-ri/4
Expo.
Plummer
Kepler

dV law =thick line
Plummer = dotted line —
Expo. disk = thin solid line
Keplerian = thin dash line

dV law = thick line
Plummer = dotted line
Expo. disk = thin solid line
Keplerian = thin dash line |




(1) Bulge
de Vaucouleus: exp(-

-

Xp(1) = A By(r) = Lpeexp
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Mass models:

Bulge: de Vaucouleurs (r'/4)

GM,
ﬁj(ﬁ)\/ " B(X).

an

where X = R/ay, and

o e el
RB(X)= ,/ -12/ ’ d.rdr
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(2) Exponential Disk
+Arm/Ring

Ya(r) = Xacexp(—r/Ra) + A,

PN
f / alr 3 d::cdy?
S

S_\/( 2+y:l

(If A=0, V(R)=written by modified Bessel functions)




Disk: Exponential

T GMg . .
Ifa(ﬁ’)w “9(X),

ad

where X = R/aq., and
P(X) = (X/V2) x
x {1 (X/2) Ko (X/2) — I (X/2) K7 (X/2)}]"?




(3) Dark Halo Density Profile
NFW Profile
(Navaro-Frenk-White 1994)

My, (R) = 4mpoh?




Volume Densities for
Bulge, Disk, and Halo (I1soth, NFW, Burkert)
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Sofue, Honma, Omodaka 2009
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3. Grand

Rotation Curve




NFW density < 1/X(1+X) 2

(Navaro-Frenk-White 1994)

Burkert oc 1/(1+X)(1+X?)

Isothermal o< 1/(1+X?) =>X2
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Grand Rotation Curve

Sattelite’s velocity
=>Virial Mass

V(R)=1\

AY




Solar Circular Velocity Vo=200 km/s @ Ro=8kpc
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de V. Bulge
Expo. Disk

NFW Halo

Milky Way GRC
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4. Galaxy

Parameters &
Locad DM Density
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Scale radius fit
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Table 1. Best-fit parameters for the mass components of the Galaxy

Mass component

Mass; Density

Scale Radius

Bulge param.
Disk param.

B+D Mass
B/D ratio

My, = (1.65240.083) x 101901,
Mg = (3.414+0.41) x 101°0 7,
Mpiq = (5.06 +£0.97) x 10190,
My, /Mg = 0.48 4 0.09

ap = 0.522 £0.037 kpc
aq = 3.19£0.35 kpc

DH param.

Local DM dens.
at Rg =8 kpc

po = (1.06 £0.14) x 102 M pc =
= 0.403+0.051 GeV cm ™3

pg = (6.1240.80) x 1073 Mspc ™3
= 0.235+0.030 GeV cm 3

h=12.53+0.88 kpc

DH Mass*

Galaxy Mass

Baryon Fraction

My(R < 8kpc) =
M (< h)=(5.05
My (< 20kpe) = (
My (< 385kpc)

0.78) x 10001,
1.37) x 101°A7,,

(2.
8.8
(6

;?\[b+d_]_h == (T“3 Zi: l”l) X 1011;\[{5_‘:

Myia/(Motrasn) = 0.072 £ 0.018

714+0.42) x 101907,

87+
524 1.01) x 1010,

(R < 385 kpce)




The Local Dark Matter Density
(@ Sun
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M ~RV%/G => p,~ M/R?>~ (V/R)?~

QL

Vo/Ro=£2, (km s! kpc™) Py (GeV cm?)

Sofue (2012)
200/8.0 =25.0 0.235=0.030

(248/8.2 = 30.3 0.34 = 0.04)

Salucci, et al. (2011) = Honma et al (2012)

248/8.2 = 30.3 0.43 = 0.11
(200/8.0 = 25.0 0.29 =+ 0.07)

Weber and de Boer (2010)

0.2~04




6. Galactic

Roche Lobe

- Territory problem —




Grand RC of M31

ilh.-'r
(km/'s)
200

1 IIIIIIl 'l 1 IIIIIII 1 I-II'IrIII

10° 10’ 10°
R (kpc)



e NFW Halo

de V. Bulge /~ ~

i

i
..-"-:'
A

;
- r ",
A .

e 1 | I I | | I T N | 1 -

1 10 100
R (kpc)

1000




Grand RC of M31 = Galaxy

NFW Halo

MW
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M31 = Galaxy>> M33, dwarfs

MW+M31= Binary




2D Matsuda et al. 2000




Binary (2 point masses) Roche Lobes




(Galactic Roche Lobe

¢=@G+¢M31 +¢.Q Rigid rot coordi:.

=-GM /r,- GM /r,- (1/2)€2° r?




NFW Roche Lobe

Mn(R) =
4drpoh?{In(1+X)-X/(1+X)}

X=R/h




(Galactic DM Roche Lobe
MW-M31 Binar
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Galaxy — M31

T. Sawa and M. Fujimoto
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2. Mass models
3. Grand RC (Log RC)

4. Local DM Density &
G-parameters

5. Roche Lobe
Galactic Territory MW vs M31




7. Grand RC (Log R(C)
for the Galactic

Center




Bulge is in between
de Vaucouleurs

and
Exponential




de V oc exp (ERESS .
| dV law =thick line

E X p O ° . Plummer = dotted line

Expo. disk = thin solid line

Plummer Keplerian = thin dash line
Kepler /N
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dV law = thick line
Plummer = dotted line
Expo. disk = thin solid line
Keplerian = thin dash line
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