Study of Low Frequency Radio Foregrounds
using the uGMRT

- Applications to Cosmological Hl signal Extraction

\ /@ /®
Abhirup Datta V '

WA .
IIT Indore DI\ INDIA

T
glarwus YeATS :
/ivgsa0 - Arnab Chakraborty, Madhurima Choudhury (lIT Indore)

Nirupam Roy (lISc), Samir Choudhury (NCRA),

Prasun Dutta (IITBHU), Somnath Bharadwaj (IITKGP),
Kanan Datta (PU), Huib Intema (Leiden/ICRAR).



Years after the Big Bang

400 thousand 0.1 billien 1 billion 4 billion 8 billion 13.8 billion

+ ™ Presentday

Fully ionized

NOW



The 21-cm Global Signal
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Foregrounds



Tsys = Tsky + TReceiver At 150 MHz T ~200K

Radio sky at 408 MHz continuum Haslam et al, 1982
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Source selection :
1. Search radius = 6"
2. SNR > 200
3. Size <5” ( Compact)
4. No sources with 30”
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correction factor from FIRST
histogram : mean offset in
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Chakraborty et al. (in prep)



S400MHzIS325MH2

DEC [deg]

2.00

TITtfrrrrfrrrrfrrrrfrrrrrrrrgprrrr

. 3
= -
1.75F . -
= : .
} . . “4
1.50} : -}
Es ................. e et dycnpaiecncnedacccnnnnna .-..f
D . . s
1.25f . .t . .

. y .. N *- s
[0 o e, o ¢ '-".‘a e e ™ . =

A 2 a

LOO— i —oattane, i
o D N A * ., et
[Peae 2 00 ) % “ooe T 4 * e
0.75p « . . n e
- PR3 .. ¢ ° r
:-'l ------------- . T i—— SR — be
0.50F . E
. . N
- . n
0.25F -
e -
- -
o.ooLl 2 L l LAl 1 l L4 1 1 l b bl l L0 1 1 l 2 0 1 1 l Ll 1l l“

o

50 100 150 200

¢ldeg]

250 300 350

B b 1] T 1 T b T ~
ss.5| E
55.0f 3 N a ]

: ._—:'.' . N '.i e . :
sa.5fF e o . ]

i R T R
54.0f =L TRY SALS E
53.5F -

Al L1 i 1 1 | P
241.5 242.0 2425 243.0 2435 244.0

RA [deg]

0.9
0.8
0.7
0.6
0.5
0.4

distance [deg]

0.3
0.2
0.1

1.6
1.4
=1.2
1.0

0.8

Sa0omMH2lS 325MHz

0.6

0.4

0.2

Flux ratio

2.5

2.0

1.5

1.0

0.5

0.0

Trrrryrrrrey

T™ET

[rrrrrrry Ty rrrrrrT

. . i * *
% s ° .
.‘o’o‘f”: - o g BT
et .~ .
.
% " :..':o..':.'. : ‘ .
. 4 -
Qg e
¢ .o .
bpg}w: =t
l o oF A .r, .2
P S, . T el
et P, T o0 H
-
wed o7 2
-
* FIRST
* NVSS
*  GMRT 325 MHz

10° 10! 102 10°

10 20
SaoomHz [M)y] N

30 40

Source selection :

1.

2.

Compact sources ( size less than the
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Comparison with NVSS and WENSS catalogs
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Signal Extraction



A MODEL FOREGROUND

EOR signal
(~5mK)
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o Where, all tempeml:ures are in K,
and % =80 Hz , is an arbitrary
reference frequeucw which is chosen
to Lie in the middle of our band.

o The foreground parameters we deal
with are ! o0,a1,42,a3 ) 120 MHz




A Inskrument model

- We have considered
two very simmple
models for the

3 @
tnstrument, £
Q.
o
- The nsktrument g
response is given by E
Gv) =1 -T?| T o
Antenna , // — Cp+ C15in(w1v + p))
T'QfLQCELOV\ Co + c1sin(wyv + p1) + c2sin(wav + p1)
coe.ffi.ci.ev\l: , 80 100

v, Frequency(MHz)

[DARE Radiometer calibration, R.Bradley, 2012] 10 | Choudhury et al,2018 (in prep) ]




Outline

Random values of parameters within a given range

Tanh parametrisation
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Choudhury et al (in prep)

Building the
Eraining
dataset

We need ko simulate
o A model 2lcm signal

o A model foreground

o Other conditions ko
make the simulation
realistic



Basic architecture of the nebwork

o The ANN constructs functions, which
MAPINY  associakes the input with the output

data.
J ref
J dz
T 92/ G ot o The basic neural network model is
X_dz |parameters . . .
T described by a series of functional
T.20 transformations

X z0
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Case 1: Perfect Case 3: Imperfect
Instrument Instrument

Reconstructed Signal for Perfect Instrument Reconstructed Signal for Varying Instrument
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Nt=1000hrs, Training without noise, Parameter :)_ref
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RMSE increases with more complexity of the dataset, but is still considerably small. In other
words, we get very good prediction of the parameters.Choudhury et al. (in prep)




Power Spectrum Detection — Using ANN
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21cm PS from 21cmFAST

| — Original
-— Reconstructed
100 .
101
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Choudhury et al. (in prep, II)

RESULTS

B C Rmfp Tvz’r
Original | 50.0 | 35.0 | 5000
Predicted | 41.8 | 25.0 | 6114




ROAD AHEAD

Further analysis of the ELAIS-N1 data at Band 3

uGMRT data at Band 2 on ELAIS-N1 field

ANN analysis extended to Power Spectrum with Foregrounds +
Systematics

Application of Wide-band Direction Dependent Calibration algorithms.
More DEEP fields.....



