
The Distribution of Mass within The Distribution of Mass within 
Spiral GalaxiesSpiral Galaxies

Thomas Martinsson

Unique Solutions from Gas and Stellar KinematicsUnique Solutions from Gas and Stellar Kinematics

Leiden Observatory

Garching, March 2014



The DiskMass SurveyThe DiskMass Survey

Dave Andersen, Matthew Bershady, Thomas Martinsson 
Rob Swaters, Marc Verheijen, Kyle Westfall 

Breaking the disk-halo degeneracyBreaking the disk-halo degeneracy  



The DiskMass SurveyThe DiskMass Survey

Dave Andersen, Matthew Bershady, Thomas Martinsson 
Rob Swaters, Marc Verheijen, Kyle Westfall 

Breaking the disk-halo degeneracyBreaking the disk-halo degeneracy  



The DiskMass SurveyThe DiskMass Survey
Breaking the disk-halo degeneracyBreaking the disk-halo degeneracy  

(Martinsson, 2011)



OutlineOutline
  Introduction

- Rotation curve mass decompositions
- The disk-halo degeneracy
- The DiskMass Survey: Sample & Strategy

➢ Optical IFU Spectroscopy from PPak
- Exponential decline of σz

- The linear σz/Vmax relation

 21-cm Radio Synthesis Observations
- The radial ΣHI profile

 Rotation Curve Mass Decompositions
- From σz to M/L

- Sub-maximal disks
- Dark matter in spiral galaxies



PPak ObservationsPPak Observations
30 intermediate-to-late-type spiral galaxies

Typically 5-6 hours per galaxy
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... AND RADIAL PROFILES
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Asymmetric Drift
Exp σLOS decline



Exponential decline of Exponential decline of σσzz

(hσ ~ 2hR)



Exponential decline of Exponential decline of σσzz

(hσ ~ 2hR)

disk flaring?disk flaring?



Disks are too thin! (when assuming maximal disks)

σz,0 = (0.25 ± 0.04) Vmax

Vmax ~ σz,0 sqrt{hR/hz}

Bottema, 1993

A linear A linear σσ
zz
//VVmaxmax relatio relationn



Bottema (1993)

Kregel (2005)

(Bershady et al., 2011)
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Disks are too thin! (when assuming maximal disks)
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21-cm Radio Synthesis Observations21-cm Radio Synthesis Observations

WSRT

GMRT

VLA

 Determine Σgas

 Extend Hα VFs to 
larger radii for 
more extended 
rotation curves

 Detect warps & 
kin. asymmetries 
to, e.g., reveal 
elongations of the 
potential of the 
DM halos

 SFR from the 
radio continuum



UGC 463



UGC 463
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The radial The radial ΣΣHIHI profile profile

ΣHI (R)=ΣHI
maxexp[−(R−RΣ,max)
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The average radial The average radial ΣΣHIHI profile profile

ΣHI (R)=ΣHI
max exp[−(R−RΣ,max)

2

2σΣ
2 ]

RΣ,max=0.39RHI

σΣ=0.35 RHI



 MHI from total flux (+ distance)

 RHI=DHI/2 from relation (1)

 Radial mass distribution from (2) 
    (MHI to normalize)

(2)

HI mass distributions from (single-dish) 
total-flux measurements

(Martinsson, 2011)

(1)
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Baryonic Mass FractionBaryonic Mass Fraction
(F

b
 =
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/ V
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FFbb ~ (0.55  ~ (0.55 ± 0.15)  at R>1h± 0.15)  at R>1hRR



Baryonic Mass FractionBaryonic Mass Fraction

Maximum disk (Sackett, 1997)
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Sub-maximal disksSub-maximal disks
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Sub-maximal disksSub-maximal disks

 B-K  MK
 μi

0,K

~30% baryons 
~70% dark matter
(on average, within 2.2hR)

 F
b

2
.2

h
R

Maximum disk  :  Vdisk / Vobs = 0.85 +/- 0.10

Bottema ’93      :  Vdisk / Vobs = 0.63 +/- 0.17

Kregel et al. ’05:  Vdisk / Vobs = 0.58 +/- 0.18

F b
2.2hR=0.57±0.07



Dark Matter in Spiral Galaxies

pISO NFW

30 uniquely determined dark-matter 
rotation curves normalized with fitted 

pISO or NFW parameters

Scatter ~3% Scatter ~4%

(Martinsson, 2013b)



Dark Matter in Spiral Galaxies



(Martinsson et al., 2013b)(Bullock et al. 2001)

C~10-20 
(Bullock+ 01)

Dark Matter in Spiral Galaxies



ConclusionsConclusions

Disks are sub-maximal

 Fbary = 0.57 ± 0.07

Gaussian ΣHI profiles
A RΣ,max = 0.39 RHI

B σΣ = 0.35 RHI

Tight relation between σz and Vmax

σz,0 = (0.25 ± 0.04) Vmax

Implying that disks are sub-maximal

Exponential radial decline of σz

(hσ ~ 2hR)

Dark matter distributed as in N-body simulations
C ~ 10-20
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