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Algorithm of measuring the 21 cm global spectrum
with interferometer array

Based on "On measuring the 21 cm global spectrum of cosmic

dawn with interferometer array”
Xin Zhang, Bin Yue, Yuan Shi, Fengquan Wu, and Xuelei Chen

2023 ApJ 945 109



Outline

* Introduce to 21cm global spectrum
 Algorithm
« Simulated results

e Summary



21cm Global spectrum
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Experiment to Detect the Global EoR Step
(EDGES)
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EDGES'’s result (2018)
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simultaneously. The best-fitting 21-cm model yields a symmetric U-shaped absorption
profile that is centred at a frequency of 78+1 MHz and has a full-width at half-maximum
of 19%5 MHz, an amplitude of 0.5*3> K and a flattening factor of T = 713 (where the



SARAS3’s result in 2022

Fit the SARAS3 spectrum with a model representing the foreground plus calibration
systematics along with the EDGES profile. 0
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Alternatively, detect the 21cm global spectrum by
an interferometer:

It measures the cross-correlation instead of auto-correlation, has
different systematics compared to single antenna

An interferometer array has higher angular resolution, therefore it
can use celestial objects as calibration sources.



Algorithm and its feasibility

The visibility measured by the interferometer
Vi, (b, o) = / d0(R) B, (1, 7ug) T () 24"
The spherical harmonic expansion of the sky temperature:
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Allow the visibility expanded up to Imax:

max l

Vi) = Y- 3 o ( [ a@)Bn, ay(a)e )

[=0 m=-1
For many baselines it forms matrix form: V = Qa

The estimator: @ = Q_1V finds the minimum-norm least-squares solution

The recovered global sky temperature TO — a,O/\/



For isotropic beam B, (7, 7y) = 1
and randomly 2D baseline:
Ny =4000 A <b<10A
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Input Map:
the ULSA sky model ]
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See the next talk!
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Add a complex Gaussian random noise:
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Ty difference [K]

Dipole beam: B, (§') o
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3D Baselines
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The Shortest Baselines
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21 cm map

Extract the 21 cm signal
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Simulated results: ground-based 2D array:

y [m]

array configuration :
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random locations
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Ty residuals [K]

ground-based 2D array:
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Ground-based 2D array
But combine the baselines of different snapshots together

Actually 3D baseline!
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Simulated results: space array:
To overcome shielding and/or ground reflection effects, the best way is to build an array
In space
For example at the Sun—Earth Lagrange point L2.
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Simulated results: space array:
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0.2

The cross-talk:

Origin from the internal noise
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Summary:

1. The origin of EDGES 21cm absorption excess is still in debate

2. The monopole contribution is present in the visibility, we
developed algorithm to recover the monopole from visibilities

3. We propose ground-based 2D, 3D and space interferometer
arrays to detect the 21cm global spectrum.

Thank You !



Appendix

We consider baselines with b < 10\
The interferometric measurement with a given baseline length b is only sensitive
to modes up to: [ ~ 27tb/ A
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Simulated results: ground-based qusi-3D array:

qusi-3D array configuration
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