
Introduction Observations & Methods Results

Dynamical Characterization of the First Galaxies

G. Jones1,2, C. Carilli2

1NMT 2NRAO

New Mexico Symposium, 2016



Introduction Observations & Methods Results

Velocity Fields & Rotation Curves

Casertano & van Gorkom (1991)



Introduction Observations & Methods Results

Past Work
Pease (1918)

Rubin & Ford (1970) Carignan et al. (2005)

Line Spatial Extent Traces

HI Large Atomic
Hα Compact Ionized
CO Medium H2

[CII] Medium Varied
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Rotation Curve Decomposition

Richards et al. (2015)
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Overview

Five Observations of [CII]
with ALMA

Cubes → velocity fields

Tilted ring fitting

Mass profiles and
rotation curves



Introduction Observations & Methods Results

Sources

’Normal’ Galaxies

HZ9 (z = 5.54) - LBG

Capak et al. (2015)

HZ10 (z = 5.65) - LBG

Capak et al. (2015)

ALMAJ0817-1351 (z=4.26) - DLA Host Galaxy

Neeleman et al. (in prep)

Starbursts

ULAS J1319+0950 (z = 6.13) - QSO Host Galaxy

Shao et al. (in prep)

AzTEC/C159 (z = 4.56) - SMG

Karim et al. (in prep)
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General Approach

AIPS XGAUS

ALMA [CII] data cube → velocity field

GIPSY ROTCUR
Fits rings of radius Ri , width W

x0, y0, vsys, position angle, inclination, vc

Explored effects of initial estimates, ring widths
Produced rotation curves, physical parameters, mass profiles

Rogstad et al. (1974)
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Rotation Curves
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Rotation Curves
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Mass Profiles
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AzTEC/C159 Dark Matter

Mdyn = Mstar + Mgas + Mdust + MDM + · · ·
Mdyn = 1011.5±0.1 M�
Mstar = 1011.0 M� (Smolcic et al. 2015)
MH2 = 1010.0 M� (Jiménez-Andrade et al., in prep)
Mdust = 109 M� (Smolcic et al. 2015)

So MDM . 1011 M�
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Future Work

Fit tilted rings to entire cube (Galmod)

z0, ρ(r), beam smearing
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Conclusions

Fitted models to galaxies at t0 < 1.5 Gyr

Evidence for dark matter in AzTEC/C159

Will expand to fitting full data cubes



Iterative ROTCUR Approach



Fitting Results



Assumptions

vexp = 0

No warps

Ring width=FWHM(minor axis of synthesized beam)/(2− 3)

Initial estimates from:

Gaussian fits
Early fitting results

V (x , y) = vsys + vc(r) sin(incl) cos(θ) (1)

cos(θ) =
−(x − xo) sin(φ) + (y − yo) cos(φ)

R
(2)
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