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The spin temperature is an interpolation between CMB
temperature and gas temperature
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Cosmological 21cm signal

Astrophysics, Cosmology
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Dark energy equation of the state
Epoch of reionization
Cosmological parameters

Cross-correlation with other optical
surveys

Structure formation
Missing baryon problems
HI bias
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99 per cent of the Cosmology is to measure: (information ascending)
(1)Abundance of the light elements

(2)Cosmic Expansion

(3)Growth of perturbations

Spacetime diagram Cosmic expansion
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e 21-cm cosmology

* Challenges

e (1) featureless power spectrum

* (2) very high foreground

e (3) Various systematics

 Machine learning aspects

* Cross-correlation with cosmic fields
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Hydrogen intensity signal

Amplitude 1T mK, lots of spectral structure
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The “other” signal: synchrotron (primarily)
Amplitude 700 K, spectrally smooth

400 MHz

f / MHz

Modeled Galaxy signal, AT ~ 700 K!
left - over full sky at 400 MHz,

right - over 50 MHz at 1 declination - spectrally smooth



Noise:

1. uncorrelated noise white noise

2. correlated noise in time and frequency 1/f
noise

3. Atmospheric noise

Systematic effect:

1. sidelobes: near, intermediate, far (mode mixing)
2. band-pass calibration

3. Ground spilled over

4. Cross polarization

5. beam ellipticity ....

Without those details, radio cosmology is an unrealistic
dream.



Input experimental

Pipeline Logistics parameters and data file
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Map-Making:
§=(A'N"1A)"'A'N"!'d,d=As+n

Component Separation:
e Principle Component Analysis
* Generalized Needlet Internal Linear Combination

v

Cosmological data analysis:
Power spectrum ¢,,
Cosmological Parameters: (Qc, Qu, ns, w, 3 m.)

Data Analysis

M.-A.Bigot-Sazy, ...
YZM, ... et al., 2015,
MNRAS




Component separation: PCA
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L Fluctuations across spectrum,
Correlated fluctuation in time . ) .
i.e. spectroscopic noise
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1/f noise:

o 1s the 1nverse spectroscopic frequency wavenumber

Description | Parameter | Value
Dish Diameter Dish 15 m?
No. Dishes Ndish 200
Receiver + CMB | Tems + Tix 20K?
No. Polarimeters Npol 2
. No. Channels Ny 23
SKA forecast:  guawian av | 950 <v < 1410 MHz
Channel width oV 20 MHz
Sample Rate fsr 4 Hz
Integration Time Tops 30 days
S. Harper, ..., YZM, ... 2018, MNRAS Elevation E odeg
Slew Speed Vi 0.5 <vi<2.0degs™
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Hydrogen Epoch of Reionzation Array (HERA)

® Radio Telescope dedicated to observing
large scale structures prior and during the
epoch of reionization.

@ Full HERA-350 will be comprised of 14 meter
parabolic dish of 320 forming a Hexagonal
core and 30 outriggers, observing at
50MHz-250MHz, located SKA site, Karoor,
South Africa.

o Currently, HERA consist of 47 antennas
observing at 100MHz-200MHz.

® On the left is HERA-19. [https://
reionization.org/]




Quasi-Redundant Calibration of HERA-47 : Internal Data
Release 1 (IDR1; JD 2458042)

2017-Oct-15 21:38:01.82 UTC

Measurement Equation
C..— * S_I_n 60 1 @e@@I
ij = 9i 9§55 T Mg of
We calibrate HERA-47 using redundant baseline = %] @
scheme, which assume that identical baseline see o
o+ D 88
same sky Signal £ 201 000000
p @ @ ﬁb Q0D
Unfortunately, in real life, variations due antenna § 0 ‘g\ g.
primary beams and antenna location misplacement, @
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calibration scheme is called correlation calibration
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Machine learning aspects

* Characterize the 21-cm tomography field (theory)

e Calibrate the interferometer (technology)
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zeta - the ionizing efficiency of
high-z galaxies

Rufp - the max horizon for

ionizing photons, set by
recombining systems

Tvir - the minimum halo virial

temperature hosting star-forming
galaxies

Lx / SFR - the <2keV X-ray

luminosity (per unit star
formation) of high-z galaxies

Nui1 (or Ey) - the HI column

density (or corresponding photon
energy) of host galaxies,
responsible for absorbing X-rays

alpha_x - the X-ray spectral
energy index of high-z galaxies






People in UKZN groups

Cheng Cheng (Joint postdoc at Tsinghua U/Beijing): Machine
learning in 21-cm tomography

Devin Crichton (postdoc): HIRAX, instrumentation
We-Ming Dai (postdoc): single-dish intensity mapping,
interferometry, reconstruction of reionisation history
Matt Hilton (faculty): galaxy clusters, LSST

Yi-Chao Li (former postdoc, now UWC): experimental
characterization of MeerKAT

Yin-Zhe Ma (faculty): 21-cm cosmology, theory and
observations

Kavilan Moodley (faculty): 21-cm cosmology, weak lensing
Mthokozisi Mdlalose: Quasi-redundant baseline calibration
Denis Tramonte (postdoc): HI stacking from Parkes and GBT
Anthony Walters (postdoc): Fast radio Burst

Elimboto Yohana (PhD Stu.): single-dish intensity mapping
pipeline, FAST



2016 BRICS Pilot call:

South
Brazil Russia India China Africa
Thematic areas CNPq | FASIE | MON | RFBR | DST | MOST | NSFC | NRF
Preventic?n and monitoring of Vv Vv Vv V Vv V V
a | natural disasters
Water resources and pollution Vv Vv Vv Vv Vv V V
b | treatment
Geos.pat.ial technology and its Vv Vv Vv V Vv Vv Vv
c | applications
New and rene\fv:f\ble energy, Vv Vv Vv Vv Vv V Vv
d | and energy efficiency
Vv V V V Vv V
e | Astronomy
Biotechnology and
biomedicine including human Vv Vv Vv Vv Vv Vv Vv
f | health and neuroscience




BRICS submitted proposal: (3—5 years project)
21-cm cosmology and large-scale structure of the Universe

Combination: 4,5,6,15 of the proposed project

South Africa:

Name Organization, Division Title Degree Speciality
Astronomy and Cosmology Cosmology,
Yin-Zhe Ma Research Unit, University of Dr. PhD Computational
KwaZulu-Natal Astrophysics
Department of Astronomy Galaxy
Romeel Dave . . ' Prof. PhD formation,
University of Western Cape
Cosmology
Radio
Mario Santos Department of Astronomy, Prof. PhD astronomy,
University of Western Cape
cosmology
Kavilan Astronomy and Cosmology Z::orehcal
Research Unit, University of Prof. PhD .
Moodley observatoinal
KwaZulu-Natal
cosmology
J(?nathan Astronomy and Cosmology Radio
Sievers Research Unit, University of Prof. PhD astronomy,
KwaZulu-Natal cosmology
Aroonkumar University of Zululand Prof. PhD Theoretical
Beesham

Cosmology




China:

Name Organization, Division Title Degree Speciality
National Astronomical Radio
Xuelei Chen Observatory, Chinese Academy Prof. PhD astronomoy,
of Sciences cosmology
Yan Gong National Astronomical Cosmology,
Observatory, Chinese Academy Prof. PhD optical
of Sciences astronomy
Epoch of
. , reionization
Depart t of Ph T h A : ’
Yi Mao epa men of Physics, Tsinghua Ssoc PhD cosmology,
University Prof. :
computational
astrophysics
Epoch of
National Astronomical AsSoC reionization,
Yi-dong Xu Observatory, Chinese Academy Prof ' PhD cosmology,
of Sciences rot. computational

astrophysics




India:

Name Organization, Division Title Degree Speciality
Theoretical
, , cosmology,
Tirthankar Roy National Qentre for Ra@o Intergalactic
Astrophysics, Tata Institute for Prof. PhD ;
Choudhury medium,
Fundamental Research
Epoch of
reionization
Observational
cosmology,
Low-
Inter-University Centre for frequency
. Astronomy and Astrophysics observations,
Neeraj Gupta (IUCAA), Pune University Prof. PhD Neutral
Campus hydrogen,
High-z
absorption
systems
Epoch of
Kanan K. . . . reionization,
Datta Presidency University Prof. PhD HI intensity
mapping
Theoretical
Tapomoy Birla Institute of Technology and Prof PhD cosmology,
Guha Sarkar Science Pilani ' HI intensity

mapping




Russia:

Name Organization, Division Title Degree Speciality
Alexandre Department of Theoretical
, Astrophysics, loffe Physical- Prof. PhD Cosmology
Ivanchik . .
Technical Institute
Sergei Department of Theoretical
g Astrophysics, loffe Physical- Dr. PhD Cosmology
Balashev . .
Technical Institute
Dmitry Department of Theoretical Prof.,
. Astrophysics, loffe Physical- Academician | PhD Cosmology
Varshalovich Technical Institute of RAS
Viacheslav Department of Theoretical
, Astrophysics, loffe Physical- Dr. PhD Cosmology
Klimenko . .
Technical Institute




Brazil: (newly added)

Name Organization, Division Title Degree Speciality
Elicio Abdalla | _miversity of Sao Paulo, Institute |, PhD Cosmology
of Physics
Carlos ,
Radio
Alexander INPE, Sao Jose de campus Dr. PhD
Astronomy
Wuensche
Michael Peel | INPE, Sao Jose de campus Dr. PhD Radio
Astronomy




Plan of work:

Building new models of Epoch of Reionization,
and investigating evolution of HI over cosmic
time

Cross-correlation of 21-cm with other cosmic
fields

Subtraction of foreground for 21-cm signal.

Calibration of telescope systematics
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Results: 2016 pilot call

Thank you for the time and effort you took to participate in the BRICS Multilateral Joint Science and Technology
Research call.

Funding applications for this instrument were extremely competitive with many high quality proposals. The
adjudication process was intense and only proposals that achieved a high ranking according to the designated
assessment scorecard were supported. Due to the high number of applications, competitiveness of the programme,
alignment with BRICS objectives and budgetary constraints, not all deserving applications were selected for funding.

Review panel comments:
e This is an excellent and innovative project with significant potential for exploitation or commercialisation.

e There s a clear plan for student exchange and their names have been provided. However, there is no other
source of funding.

Based on the above remarks, the local panel recommended that this proposal be funded. However, the proposal was
not recommended for funding by the Joint Technical Committee (JTC). A very limited number of applications were
recommended. The JTC makes a final decision on proposals to be funded.



Please note:
e Cooperation projects with the potential to be sustained beyond the funding period will be favourably
considered.
e Only joint proposals that involve at least three or more partners from the BRICS countries will be
considered for funding.

But each country evaluates its own proposal. The problem can arise from here.

Country A Country B Country C Country D
Project 1 1 1 4 N/A
Project 2 3 3 2 N/A
Project 3 4 4 1 N/A
Project 4 2 2 2 Evaluated

Please could you tell me which project should be funded?



Since the project is a joint project, it
should be required to submit one
joint proposal with all partner
countries’ contribution, and being
evaluation at one unique, joint
committee.



