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C) Tully-Fisher relation (TFR)

What is the TFR? Maximum rot. velocity v = W5¢/2/sint |km s
The TFR is an empirical 20 50 100 200

relation between absolute
magnitude and intrinsic HI
emission line width (as a
tracer of rotation velocity) I
that spiral galaxies follow. ® 24+

What’s happening
here?

This particular plot

demonstrates a novel way
of getting TFR parameters
without having galaxy =217
inclinations (See -
Obreschkow & Meyer 2013 o0 L
for more info)

Absolute magnitude

20 50 100 200
Half line width w = W50/2 [km s~ 1]

Obreschkow & Meyer, ApJ, 2013, Vol 777, pg 140
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Q) Current limitations

Optical vs Radio rotation measures
investigated in Quantity Probed
optical or radio. Optical Ha Z~1-1.5 low
Radio HI z<0.1 High

Optical probes
deep, but does not
necessarily retrieve the
full velocity profile.

Radio probes much
more of the velocity
profile but is limited to
z<0.1.

NGC 6946 — left: Optical, right: Radio
.~ ExtendedTully-Fisher relations using Hi stacking - Scott Meyer 4



C) HI stacking

NON DETECTION
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DETECTION
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- 2.4
km/s

Fabello et. al. 2011

How?

What?

This technique
seeks to creates
an Hl emission
spectrum with
increased improved
signal-to-noise by
combining several
HI spectra (usually
in an attempt to get
a detection from a
collection of non-
detections).

Rest-frame HI spectra from galaxies are created using optical redshift (or
radio redshifts if available). These are then co-added. Signal increases
proportional to N (the number of galaxies included) while noise increases

as VN.

Movie at https://vimeo.com/69062721
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C) Simulated galaxies 1

Analytically solvable galaxy profiles

A single galaxy was modeled as a disk with constant linear velocity
(not constant rotation). This galaxy was projected to various different
inclinations and convolved with Gaussians of varying o/V, ., values to
simulate different random gas velocities (dispersion). Random
projections of this galaxy were stacked to investigate the relation
between the FWHM of the stack, and the FWHM of the deprojected

galaxy.
Vmax
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- 0/Voe=1/20, edge-ononly - - o/V, . =1/5, edge-on only
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\C) Simulated galaxies 2

-~ o/V,..=1/20, edge-on only
Correction factor ek
In order to reproduce the TFR, g
our measured stack widths must £ |
relate in some predictable way S
to the deprojected widths of the 0
input galaxies. .
. W = width of stacked = | | z
profi Ie . | N‘ormal‘lsed V‘GIOCIty v=V/V, ..
- W35 = width of single x| T
analytical spectra, a0l V=120 |
deprojected and (). :
dedispersed (5)..d !
- Blue = high dispersion A :
(random gas velocities) :
. Red = low dispersion | :
ijf_’gtacklo 20 30 40 50 60 70 80 Edgg_on

Minimal inclination of stack ¢, [deg]
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Q) Simulated galaxies 3

Galaxies with differential rotation
Galaxies were given an exponential rotation curve of the form:

V(r) = Vinax (1= e77/70
Since galaxies no longer have constant velocity profiles, we prescribe a HI

surface density of the form: Mg /
_ —T/THI
EHI (7“) — 2—26
| . . . . . Trar
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N\ . .
@ Simulated galaxies 4
Low number statistic corrections
Because galaxies enter the stack without being corrected for

inclination, having a sample too small introduces an offset and
scatter into WSk,

exponential fit
0.25| e o/V,.=1/10

Fractional error

—— exponential fit ||
¢ o/V,.=1/10

0 50 100 150 200 250 _ 30C 0 50 100 150 200 250 300
Number of galaxies Number of galaxies
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C) Simulated galaxies 5

z=1.00-1.10

S3-SAX simulation
HI and H, semi-

analytical model made

by post-processing the
Millennium simulation.

o Obreschkow 2009
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C) Simulated galaxies 6

S3-SAX Tully-Fisher
relation o | 10
. 1.2 Million galaxies g o wie |
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C) Simulated galaxies 7

Simulated HIPASS

5 independent regions of the S3-SAX box were selected and
HIPASS was reproduced. TFR reproduced extremely well
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using HI stacking technique. Y T, 14
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Q) Real data (HIPASS & HICAT)

HIPASS

Galaxy selection was kept to a minimum: Galaxies to be
stacked were only cut based on angle from CMB equator. Red
galaxies were cut based on angle from CMB equator as well
as a 45 degree cut.
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Q .
Q) Extension work

Non-detections

Work is on-going in the HIPASS region by stacking 6df
galaxies (non-detections in radio).

SKA

With significantly deeper data sets such as DINGO,
WALLABY and LADUMA, stacking can be used to squeeze

more science out of these instruments.

Other uses for stacking
So far stacking has only been used to recover total HI flux

(and now average rotation velocities), how far can we take
this technique?

Optical and Radio survey overlap

This work relies heavily on overlapping optical (or IR) and
radio surveys.
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\Q) Summary
Calibrations and simulated data

- Analytical galaxies
- Simulated galaxies (from the S3-SAX model)

Real data test case (HIPASS and HICAT)
- HIPASS direct detections

Extension work

- Non-detections
- SKA
- Other stacking work
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Normalised flux density

C) Extra plots
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) Extra plots
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