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• Comparison of several configurations for the 
Tianlai 16-dish array, and survey strategy

• Based on work being done by Jiao Zhang

• Computation of reconstructed beams from 
visibilities, Transfer function and noise power 
spectrum 

• Assume transit mode operation, with several scans 
along the declination, and complete beam 
knowledge

• assume stationary white noise for the visibilities as 
a function of time Vij(t)⇢Vij(!) 
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Configurations

• 16=4x4   D=6 m dishes, Deff=#D=5.4 m, base spacing d=7 m 
• maximum  N_B = 8x17=136 baselines
• (a) regular array, 28x28 m^2 , N_B =25 baselines
• (b) circular, 1+6+9, ~32x32 m^2 , N_B =101 baselines
• (c) irregular, 2+3+5+4+2, ~32x32 m^2 , N_B =84 baselines
• 9 scans : "= {0, ±1.5∘, ±3∘, ±4.5∘, ±6∘} 
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Synchrotron map @ 400 MHz - Eq. Coordinates (ra,dec)
Tianlai-16dish accessible sky region 

(45 N ± 25 deg)  → 20 <  " < 60  in Xinjiang (45 N)

T=5 K T=60 K
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Fig. 1.— Configurations corresponding to the list.
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Beam shapes

• Compute the reconstructed from the visibilities 
(without noise) for an input map with point sources 
at different declination 

• The beam (response to a point source) depends on 
declination, but not on RA

• beam before and after applying weights on the (u,v) 
plane (cut/weight based on the computed noise 
covariance matrix, application of a frequency 
independent global beam)   
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Fig. 2.— Synthetized beams for source center. a: irregular configuration; b: circular configuration;

c: regular configuration; row cut is the cut of center row of these three beams; column cut is the

cut of center column of these three beams.
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Fig. 4.— Synthetized beams for source border. a: irregular configuration; b: circular configuration;

c: regular configuration; row cut is the cut of center row of these three beams; column cut is the

cut of center column of these three beams.
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Fig. 5.— Synthetized beams for source center. a: circular configuration; b: circular-rotation

configuration; c: 15circular configuration; row cut is the cut of center row of these three beams;

column cut is the cut of center column of these three beams.

Beam at center for 2 16-dish circular 
configurations and one 15-dish circular
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Fig. 18.— Synthetized beams at source center for nonuse of global beam and using circular con-

figuration. a: frequency1; b: frequency2; row cut is the cut of center row of these two beams;

column cut is the cut of center column of these two beams.

Beam frequency dependency - circular 
configuration (b) - 1200 MHz, 1300 MHz

1200 MHz 1300 MHz
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Fig. 19.— Synthetized beams at source center applying global beam and using circular configura-

tion. a: frequency1; b: frequency2; row cut is the cut of center row of these two beams; column cut

is the cut of center column of these two beams.
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Applying a global weight function - circular 
configuration (b) - 1200 MHz, 1300 MHz
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4. Error covariance matrix

Here, we show F̂
sky

(u, v) error covariance matrix.

For each u0, we could calculate F̂ u0
sky

(v) error covariance matrix.

�2
F̂

=< F̂ u0
sky

(v)F̂ u0
sky

(v0)⇤ >= BNB⇤

If we keep the diagonal of each �2
F̂

and then collect them together, we will get F̂
sky

(u, v) error

covariance matrix.
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Fig. 22.— a: F̂
sky

(u, v) error covariance matrix for irregular array; b: F̂
sky

(u, v) error covariance

matrix for circular array.

Diagonal of the error covariance matrix for 
configurations (b),(c)
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Transfer function and 
noise power spectrum

• T(t⊥) : Compute the reconstructed map for a white noise input 
map, compute the power spectrum of the reconstructed map

• Noise power spectrum: reconstruct the map with the visibility 
noise only (F(u,v)=0) and compute the power spectrum

• take the average over several input noise map/ visibility 
noise realizations (single/few realizations right now)  

t? =
p

u2 + v2

T (t?) =
P
rec

(t?)

P
in

(t?)

P
noise

(t?) = P
noise�V

(t?)
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5. Transfer function and noise power spectrum

5.1. Transfer function

Transfer function provide a mathematical description in terms of the relation between input

map and output map. And it reflect the instrument response.

Here, we start from a white noise input map with gaussian random values for each pixel and

� = 1mk. The power spectrum of this input map is nearly a constant, and its value is about

1.85⇥ 10�5 relative to map size and scan number. Then, we reconstruct the output map without

adding noise, and calculate its power spectrum. If the output map power spectrum divided by

1.85⇥ 10�5 for each k, we will get transfer functions.
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Fig. 24.— Transfer function. a: irregular configuration. b: circle configuration. Red curve is only

reject large error pixel, blue curve is not only reject large error pixel but also applying global beam.

Here, k=20 corresponding to 2.9 degrees, k=100 corresponding to 34’.

Transfer function for configurations (c)-
irregular and (b)-circular

rejecting high noise-variance modes (red), 
and with global beam weighting (blue)

(b)(c)

34’ 34’
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Fig. 25.— Transfer function. a: regular configuration; b: regular configuration without autocorre-

lation. Red curve is only reject large error pixel, blue curve is not only reject large error pixel but

also applying global beam. Here, k=20 corresponding to 2.9 degrees, k=100 corresponding to 34’.
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Fig. 26.— Noise power spectrum. The abscissa is k? and ordinate is �2. a: irregular configuration.

b: circle configuration. Black curve is original reconstructed map, red curve is reject large error

pixel, blue curve is not only reject large error pixel but also applying global beam. Here, k=20

corresponding to 2.9 degrees, k=100 corresponding to 34’.
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Fig. 27.— Noise power spectrum. The abscissa is k? and ordinate is �2. a: regular configuration;

b: regular without autocorrelation configuration. Black curve is original reconstructed map, red

curve is reject large error pixel, blue curve is not only reject large error pixel but also applying

global beam. Here, k=20 corresponding to 2.9 degrees, k=100 corresponding to 34’.

(2 mK)^2

Noise power spectrum 
Tsys = 100 K, 6 month total observation time (9 

scans), %&=1 MHz, ~ 250 (!) x 15 (") ~ 3700 deg^2 
covered (latitude ~ 45 deg) 

Irregular array (c) Circular array (b)

34’ 34’
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Fig. 26.— Noise power spectrum. The abscissa is k? and ordinate is �2. a: irregular configuration.

b: circle configuration. Black curve is original reconstructed map, red curve is reject large error

pixel, blue curve is not only reject large error pixel but also applying global beam. Here, k=20

corresponding to 2.9 degrees, k=100 corresponding to 34’.
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Fig. 27.— Noise power spectrum. The abscissa is k? and ordinate is �2. a: regular configuration;

b: regular without autocorrelation configuration. Black curve is original reconstructed map, red

curve is reject large error pixel, blue curve is not only reject large error pixel but also applying

global beam. Here, k=20 corresponding to 2.9 degrees, k=100 corresponding to 34’.
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• better sky reconstruction with more independent 
baselines → more uniform (u,v) plane coverage, better 
isotropy of the synthetized  beam

• Possibility to optimize the beam, decreasing frequency 
dependency using weights on the reconstructed (u,v) 
plane

• Better reconstruction when increasing the number of " 
scans (over the same sky area), without noise penalty

• Choice between (b)-circular or (c)-irregular 
configuration ?  
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