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The Epoch of Relonisation

- Exploring the first billion years of
the universe with the 21cm
spectral line of hydrogen

- Small density fluctuations in
the CMB collapsed into the
“cosmic web”

- z~1000

« Cosmic “dark ages”

- 72230

- First luminous sources ERA

- 7~6 z=1100 z=27 z=13 z=6 z=5

Full reionisation of the CMB 50 MHz 100 MHz 200 MHz 225 MHz

intergalactic medium (IGM) &S 164Myr 370Myr 1Gyr _1.1Gyr

L
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See Furlanetto et al. 2006 DeBoer et al. 2017
https://iopscience.iop.org/article/10.1088/1538-3873/129/974/045001
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The Epoch of Relonisation

Unanswered questions: :
- How did the first stars form? : ¢
- How much mass did they have, T (ﬁ
and do they still exist? i !
- When were heavy elements ”;t Y O
created and how were they A o :
distributed across the IGM? 0
- How do supermassive black :
holes fit in the picture? :
z=1100 z=27 z=13 =
These questions are answered by CMB 50 MHz 100 MHz 200 MHz 225 MHz
probing the EoR. 400kyr 164Myr 370Myr 1Gyr 1.1Gyr

See Furlanetto et al. 2006 DeBoer et al. 2017
https://iopscience.iop.org/article/10.1088/1538-3873/129/974/045001
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The Epoch of Relonisation

What'’s the problem?

— Signals from the EoR are
obscured by foregrounds

— The 21cm hydrogen lineis a
popular target - but is weak.

— Redshifted down to
frequencies < 200 MHz

— Low-frequency radio
astronomy.

CMB
400kyr
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370Myr

DeBoer et al. 2017
https://iopscience.iop.org/article/10.1088/1538-3873/129/974/045001
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Radio astronomy
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https://www.csiro.au/en/Research/Astronomy/Radio-astronomy/What-is-radio-astronomy
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Radio astronomy
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https://www.cv.nrao.edu/course/astr534/RadioTelescopes.html

https://upload.wikimedia.org/wikipedia/commons/thumb/6/63/USA.NM.Veryl a
rgeArray.02.ipg/350px-USA.NM.Veryl argeArray.02.ipg

https://upload.wikimedia.org/wikipedia/commons/thumb/5/52/Mount_Pleasant
Radio Telescope.jpg/800px-Mount Pleasant Radio Telescope.ipg
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https://www.cv.nrao.edu/course/astr534/RadioTelescopes.html
https://upload.wikimedia.org/wikipedia/commons/thumb/6/63/USA.NM.VeryLargeArray.02.jpg/350px-USA.NM.VeryLargeArray.02.jpg
https://upload.wikimedia.org/wikipedia/commons/thumb/6/63/USA.NM.VeryLargeArray.02.jpg/350px-USA.NM.VeryLargeArray.02.jpg
https://upload.wikimedia.org/wikipedia/commons/thumb/5/52/Mount_Pleasant_Radio_Telescope.jpg/800px-Mount_Pleasant_Radio_Telescope.jpg
https://upload.wikimedia.org/wikipedia/commons/thumb/5/52/Mount_Pleasant_Radio_Telescope.jpg/800px-Mount_Pleasant_Radio_Telescope.jpg

Low-frequency radio astronomy
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http://www.atnf.csiro.au/projects/askap/images/2018 CSIRO E9QA2638.ipg
https://images.theconversation.com/files/51639/original/7yr2hwxr-1403159061.ipg?ixlib=rb-1.1.0&q=45&auto=format&w=754&h=452&fit=crop&dpr=1
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http://www.atnf.csiro.au/projects/askap/images/2018_CSIRO_E9A2638.jpg
https://images.theconversation.com/files/51639/original/7yr2hwxr-1403159061.jpg?ixlib=rb-1.1.0&q=45&auto=format&w=754&h=452&fit=crop&dpr=1
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https://upload.wikimedia.org/wikipedia/commons/thumb/3/36/LOFAR_Superterp.ipg/799px-LOFAR_Superterp.ipg

https://www.skatelescope.org/wp-content/uploads/2013/11/L OFAR-map-Europe.screen.ipg
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https://upload.wikimedia.org/wikipedia/commons/thumb/c/c1/A_low-band_antenna_of_LOFAR.jpg/449px-A_low-band_antenna_of_LOFAR.jpg
https://upload.wikimedia.org/wikipedia/commons/thumb/c/c1/A_low-band_antenna_of_LOFAR.jpg/449px-A_low-band_antenna_of_LOFAR.jpg
https://upload.wikimedia.org/wikipedia/commons/thumb/3/36/LOFAR_Superterp.jpg/799px-LOFAR_Superterp.jpg
https://www.skatelescope.org/wp-content/uploads/2013/11/LOFAR-map-Europe.screen.jpg
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The Murchison Widefield Array (MWA)

« 70-300 MHz

- At 200 MHz, FOV 20x20 deg?

- Square Kilometer Array

precursor
- MWA acts as a “training

ground” for the iImmense
power and data volumes
generated by the SKA
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MWA science projects

Galactic and . f Solar, Heliospheric and
extra-galactic surveys b , : i lonospheric science

Time-domain
astrophysics

- Pulsars and
Fast-Radio Bursts
(FRBSs)

- Transients

Epoch of Reionisation
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The Curtin MWA EoR tea

Bella Nasirudin
Mahavir Sharma
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Data processing pipeline
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Recent work' ‘
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Recent work  ChristeneLynch

2013 Aug 21 MWA Phase I 2017 Nov 14 MWA Phase II
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Recent work

"J'a.c,k Line
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Recent work = .Comparisonofsky-basedand redundantcalibrationfordifferentsky

brightness distributions and array non-redundancy

Tile position offsets introduce biases in the phase component of
redundant qalibration solutions. These biases depend on the location of

Ronniy Joseph

radio sources in the field.
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sASIRDOD: - = 2=7.9,8.3,9.0 (k) = (KP(k)/27?) (
Recent work - S

1132574040 RA=0.00h

Cathryn
| Trott
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Recent work' ‘

Cathryn ----------------------------------------------------------------------------------------------------------
Trott =S, S
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MPEL Y R —
: Rece AL oS Obs ID 1132574040 with delays [0. 0, 0,0, 0, 0,0, 0, 0, 0, 0, 0, 0, 0, 0, 0]

at 2015-11-26 11:53 UT:
high_season2_drift_2457352 at 181 MHz

in the constellation Sculptor rrrelas A
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Recent work

UTC 2013-10-15 15:17:59

. https:

Loi+ 2015

on wi

//gitlab.com/chjordan/cthulhu .
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Recent work

927X

| Characterisation of the ionosphere above
| the Murchison Radio Observatory using the | o
‘ Murchison Widefield Array

Jordan+ 2017
https://arxiv.org/abs/1707.049/78
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Recent work .

-Christophpr-Jordah ik
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https://docs.google.com/file/d/1miMHe16TLq_8BtCXnTD_fXZ8ZbbU0Qij/preview
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https://docs.google.com/file/d/1g1FY5W6OHC48CwLF-w-U2Wbq8QUDWM96/preview
https://docs.google.com/file/d/12r-P55FWgTZir1ZC2T6fV1fANFcSbhi_/preview

-Perth §ciehce Festival!
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Summary

- Detection of EoR is very difficult!

- Many unexpected developments
occur along the way — serendipitous
science

- We welcome new collaboration

- Radio astronomy is just beginning

- Thank you for inviting mel

- BYMNEITSTNET
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