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Current understanding of Galaxy Evolution

Colour bimodality: blue, mostly star-forming & old, red
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Probing the gas-richness of galaxies

Gas fractions (fiy, = My, /M)
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@ Current challenges of HI studies:

o limited by long integration times
e deepest imaged Hl at z ~ 0.35 (Fernandez et al., 2016)
@ Future Surveys using SKA and Pathfinders: LADUMA, APERTIF
MDS, DINGO, etc

o LADUMA aims to detect Hito z ~ 0.6
e use stacking for high redshift (0.4 <z < 1.4)
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What is Stacking?

Detecting the Hi signal from a distant galaxy
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What is Stacking?

Most of the Hi signal is buried in the noise
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What is Stacking?

Non-detection

10 5l
> 5 =
=5 =5
4600 4800 5000 5200 5400 -800 -600 -400 -200 0 200 400 600 800
Detection t
s MMWMMMAMM
2 ol i) MWM‘WMWMMWV—’ 20 |
oo
g 1600 2800 5000 5200 5100 ~800 -600 -400 -200 O 200 400 600 800
> Non-detection | T
. o 5 oyl
& 5 5 i of 4
‘ RA (a) -5 N R N )
4600 4800 5000 5200 5400 km/s
s
@ Extract line spectra
from cube
@ Align spectra using E
optical z ¢
© Co-add spectra to :
create average
spectrum
N R )
km/s
J Healy & Kapteyn) HI Stacking PHISCC February 2017 4/15




What is Stacking: 1. Extract spectra

@ Extract Hi line spectra from cube

Non-detection

[Credit: Fabello4 (2011)]
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What is Stacking: 2. Align spectra

@ Align spectra using optical z
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What is Stacking: 3. Co-add spectra

© Co-add spectra to create average spectrum
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My Masters Work

Two main goals:

1. Develop, test and implement an Hi spectral line stacking package
to be used by the Astronomy community
e Serve a as a reference stacking tool
o Free & accessible: Python-based
e User friendly (use command-line or a graphical user interface)
o Modular: easy to update & maintain
2. Use package to analyse spectra from the NIBLES Survey
(van Driel et al., 2016)
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Key Aspects of Hi Stacker

@ stack with different units

e spectral units (km-s™! or Hz)
o flux units (Mg, Jy, fiy))

track stacking progress
compute detection statistics (S/N, significance, etc.)

characterise shape of stacked spectrum

determine integrated flux of both individual spectra & stacked
spectrum

save all plots & calculated quantities to file

@ display results
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Average Stacked Flux (107 M)
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Stacking with NIBLES

@ NIBLES: Nancay Interstellar Baryon Legacy Extragalactic Survey
(van Driel et al., 2016)

@ Aim to investigate galaxy properties as a function of stellar mass
o Galaxies selected by stellar mass, no colour selection

o Targeted HI survey of SDSS selected galaxies
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NIBLES: Stacking the Non-Detections

Stacking the non-detections to recover the Hi content buried in the
noise

@ Stacked 361 profiles

o (M) =(9.72+0.72) x 107 Mg

@ black line: ave. stacked flux

@ grey band: error on stacked
flux

@ green line: ave. reference
spectrum
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NIBLES: Stacking non-detections by Colour

Separate blue (mostly star-forming) and red (mostly non-starforming)
populations using Baldry et al. (2004) SDSS optimal colour divider.

Find 147 (73) blue galaxies and 214 (191) red galaxies.
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NIBLES: Stacking non-detections by Colour

Stacking all non-detections with M, in two bins: blue & red

@ The blue sample: @ The red sample:
o (Mpy,) =(1.384+0.038) x 108 Mg o (My,) = (8.301+0.065)x107 Mg
@ (fiy,) =0.1188+0.0059 @ (fy,) =0.017190 + 0.000094
@ Av=198km-s1 @ Av=306km-s!
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Probing the gas-richness scale with NIBLES

“gas-richness scale” (M, ~ 109 Mg): transition from gas-rich to gas
poor (Kannappan et al., 2013)
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Probing the gas-richness scale with NIBLES

“gas-richness scale” (M, ~ 10°> Mp): transition from gas-rich to gas
poor (Kannappan et al., 2013)
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Probing the gas-richness of galaxies

Gas fractions (fiy, = My, /M)
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NIBLES: Extending published work with NIBLES sample

Find same fy, vs M, relation as Brown et al. (2015) to lower M,,
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NIBLES: Extending published work with NIBLES sample

fi, vs M, for the red and blue galaxy samples
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NIBLES: Extending published work with NIBLES sample

Investigate fiy, as function of colour: same trend as Brown et al. (2015)
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Ongoing work

Recently submitted MSc thesis

Stacking Package:
o Construct the graphical user interface for the Stacking Package
o Write User Manual
o Make HISS publicly available
NIBLES Analysis:
o Write up paper
e Investigate M, /NUV — r distribution for comparison samples

@ Start PhD with Prof Marc Verheijen and Dr Sarah Blyth
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Flux Density (mdJy)
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Flux Density (mJy)

Flux Density (mdJy)
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1.2 x beam height
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Average Stacked Mass (x10% Mg)
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Lookback Time (Gyr)
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