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What does the “21-cm brightness” measure?
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Rees, 1997
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Major Challenges
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What does an antenna measure?
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Antenna: Reciprocity
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Basic antenna terms

● Antenna Gain: Power radiated compared to isotropic antennas

● Effective Area: 

13



Units of Measurement — temperature

Brightness and flux density
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What does an antenna measure?

1. When source is extended
2. When source is compact
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Figure Courtesy: Richard Shaw

Why does it matter for 21 cm?
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Why does it matter for 21 cm?



Dealing with ideal foregrounds
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Radiometers and their calibration
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Our own basic radiometer!

Antenna

LNA Filter Digitizer and FFT
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Usual calibration scheme

Antenna

LNA Filter Digitizer and FFTSwitch

Noise source
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Modeling radiometric contributions
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Antenna Additives Medium
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Sensitivity of radiometers
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Where are we?
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Global 21-cm experiments
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MIST REACH RHINO

And many more on the horizon… 28
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https://docs.google.com/spreadsheets/d/1ivpOBFxBW_3guvNMOkRfU7e-hFXRtjXCTbr4aTJcPdY/edit?usp=sharing31
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SARAS 3: towards constraining the first stars
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A joint model: 
● Foreground 
● Systematics
● Noise
● 21-cm signal 

(                                 )



Ongoing work

● Better instrumentation

○ Designing optimal radiometers

○ Improving calibration strategy

○ Radio Quiet Locations

● Efficient data analysis algorithms

○ Better algorithms for flagging, calibration etc.

○ Minimum assumption foreground models

○ Bayesian/ML models for systematics 

○ Quicker parameter space exploration for 21-cm signals

○ Synergy with other observations
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