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/ Luminous sources heat IGM
Density too low for collisions, (shocks and X-rays from AGN/SNRs).
so Tg starts to follow Ty Ts increases with Tigy, until Tg >> Teupg

J R Pritchard and A Loeb (2012)




1. Background

Global spectrum
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Polynomial fit

Polynomial fit (5-order)

N
A R V
TAa(v) =Ta(vy)exp § dn lOg”(_) >
V-

n=1I

Questions:

* Chromaticity

* Spatial correlation of foreground
spectral indices
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Can we Iinverse the structure caused by the chromaticity in case we bring the beam information into the
polynomial model?
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Method of chromaticity correction

¢ Tp (v+,m) B 4 (v, n)dQ
& Tp(vr,m)BA(vr, n)dQ’

Beam correction factor C =

6 Regions

Method raised by REACH
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D Anstey et al. (2021)
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An improved polynomial fitting algoritr

N
- V
Common polynomial Fa(v) =exp |ap+ Z anlog”(—)|.
=1 '

4

Vari-Zeroth-Order Polynomial (VZOP) Talv) = exp “u‘”Jrzﬂn log"™( :J

i

Degree of freedom of a, equals to the number of “declination
bins,” which will be defined on the next two pages.
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Celestial Coordinate System

Convolutes

. = Antenna temperature

. . Equatorial Equatorial
I I

2.28947e-12 2.3187e-06 7.66407 17.1979

! Averaging them over the right ascension | |
24-h averaged beam model 24-h averaged temperature model

Mollweide view Mollweide view

...
Times
X = Antenna temperature
N

I ]

2.34466e-09 1.1224e-06 10.1079 11.4237

I
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An improved polynomial flttlng algorithm - VZOP

' 6 is declination, ¢ is right ascension,
d ° T, (v,0), 24-h averaged beam model
e B(v,0), 24-h averaged temperature model :!/ Tp(v. 0) B(v.6) cos 0.

TA(r /// B(v.0,$)Tp(v.0.¢ — ¢") cos #d6dpded

Discretizing 1
Divide declination into N bins

In the Celestial Coordinate System \
?%A(Vi): / ?:—b{l',‘.ﬁ)g(l-';.H)CUHH[JH

\ ~ Z Tt (v 07)S{Vis v, @) B(vi, 8) cos 0 + Teor (V).

N, log(2r) — log(detX)
9]

log p(a. Tgy. Peor| Ta) = =

; . . 1 I ¢ " . \ - N LY
(TA ~S(a)BTy, - T) r- (T,J, ~S(a)BTy, - T) SOrivea) = exp| ) anlog" ()]

n=1

B is a full-rank matrix with no Ta(vi) = exp [ao(vi) +Zan log" (—) + Teor (vi)-
more columns than rows. n=1
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In our simulation, the antenna is placed by the 21CMA
station (42.93°N, 86.68°E).




Integration time:

Frequency range: 50 — 120 MHz

Foreground model: Galactic Global Sky Model
de Oliveira-Costa et al. 2008)

21cm signal model:
1. Gaussian model

2. EDGES model

Thermal noiiA

Op =

Tp
VNAVtint
Number of antennas: N = 1

channel bandwidth: Av = 1 MHz
tint - 10 d
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2(:_)'

(V - 1’(')2
TEDI'(V) == A 6}{}3 - = .

amplitude: A=-0.150K
center frequency: v, = 78.3 MHz
width: w = 5 MHz.

4(v = ve)? | L
= oo |—— 10
w? o e 2

B

amplitude: A=-0520K
center frequency: v, = 78.3 MHz
fullwidth at half-maximum: w = 20.3 MHz
flattening factor: T=17.
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Antenna temperature based on the GSM 21cm signal model
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» 5-order polynomial

e 10 declination bins

Fitting results

Assuming the antenna beam can be accurately measured
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lnaccurate beam measurement

Completely random at different spatial positions but
satisfying the following relations at different frequencies.

Model Function

constant eg(v,ng) =ep(vp,ng)

linearity egl(v,np) = : x eg(vp,ny)

Results: For all error models, using 10 bins _. ._
can effectively extract 21 cm signal even If  quadratic  ep(v.ny) = — 1| x e (v, ng)
l the errors reach 10%. ' '

P
cosine eg(v,np) = cos Em) x eg(vp, )

Functions of four error models. Where ey is the relative
error between measured and real value, n, is any fixed
position and v, = 50 MHz. Unit of frequency v in each
function is MHz,
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Inaccurate beam measurement

Completely random errors at both different
frequencies and spatial positions

« VZOP will lost Its advantage when error
reaches 0.6%.

e VZOP will not be worse than common
polynomial.

(S) Fardrusianss |
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Considering the Lunar radiation
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. VZOP on DSL project

lnaccurate beam measurement
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1. VZOP iIs a new method to correct the chromaticity that doesn’t need to simulate the

sky map.

2. VZOP can accurately recover 21 cm signal even the errors exist.

3. No matter how large the errors are, the fitting results of VZOP will not be worse

than common polynomial.
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If anyone Is interested in my work, feel free to contact me for
further discussion.

E-mall: liutianyang@shao.ac.cn
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