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EoR- Global 21-cm Signal

credit: Pritchard, J. R., & Loeb, A. 2012 
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Global Experiments are Great!

what about Interferometers?

Interferometers to Global 21-cm Signal

                                                   Singh, S. (2015)                                                                                                                       Mahesh, N. (2015) 
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Theory: 

credit:Vedantham et al. [2015]

Interferometers to Global 21-cm Signal
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Lunar Occultation why so serious?
I got you!

credit:Vedantham et al. [2015]
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Lunar Occultation

credit:Vedantham et al. [2015]

(Non-occulted)

(Occulted)
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EoR- Global 21-cm Signal

credit: Pritchard, J. R., & Loeb, A. 2012 
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EoR- Global 21-cm Signal

credit: Pritchard, J. R., & Loeb, A. 2012 
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Measurements of the Moon

How does the Moon looks like in 
Radio?
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Indeed!
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How does the Moon is in Radio?

FM
 b

an
d

Reflected RFI or Earthshine

DTV band
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How does the Moon is in Radio?
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where is EoR?

 You humans 
produce RFI!!
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Mitigating Earthshine from the Moon!
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ON-Moon                         OFF-Moon

LST locked pair of observation
Data: MWA phase-1
Obs date: Aug 2015, Sept 2015, Dec2015

observations
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ON-Moon                          OFF-Moon

LST locked pair of observation
Data: MWA phase-1
Obs date: Aug 2015, Sept 2015, Dec2015

observations
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Modelling Earthshine

Assumed Two component Earthshine, Evans (1969), McKinley (2018)

specular, diffuse
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Modelling Earthshine

Assumed Two component Earthshine, Evans (1969), McKinley (2018)

● step 1: create 
dirty difference images
of the Moon

 Moon at ~100 MHz
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Modelling Earthshine

● step 1: create 
dirty difference images
of the Moon

● Step 2: Create mask
○ disk M
○ Specular B

 Moon at ~100 MHz
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Modelling Earthshine
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Modelling Earthshine

● step 1: create dirty difference images
of the Moon

● Step 2: Create mask 
○ disk M 
○ Specular B

● Step 3: solve for sdisk, sspec



22

Isolating Earthshine- specular component

 Reconstructed Moon’s
  disk  

Specular earthshine

still contains diffuse 
Earthshine
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Isolating Earthshine- specular component

 Reconstructed Moon’s
  disk  

Specular earthshine

still contains diffuse 
Earthshine
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Isolating Earthshine- diffuse component 
(method: 1)

Radar studies from Evans (1969)

- relation between the two Earthshine 
component 
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 flux-density of the Moon
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 flux-density of the Moon

Freq res. ∆𝜈 = 40 KHz
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Isolating Earthshine- diffuse component 
(method: 2)

● FM station catalog - fmlist.org

● Estimating power received at MWA during the 
observations

Assumptions

● All FM stations produce 
isotropic power, have 
constant bandwidth

● Reflection from the Moon 
are diffuse 

https://www.fmlist.org/ul_login.php
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- Station Power                               - Radar Cross section 
(~7% albedo in Radio, Evans (1969))

- Transmission Bandwidth      D1, D2  - Distance between the Moon from MWA, FM station

Reflected Power from the Moon
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FM simulations

                       Station count vs. Observing Time
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Isolating Earthshine- diffuse component 
(method: 2)

Freq res. ∆𝜈 = 40 KHz

Diffuse Flux-density
Data and Simulation

T-test
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 flux-density of the Moon
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It doesn’t ends here!
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The Universe of Temperatures
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 Next Step:
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Reflected Galactic Emission

Reflected galactic emission from the Moon
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What MWA sees?

Tspec              Tdiffuse
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Occulted Sky Temperatures

           
          - Temp. of the patch of sky
                 occulted by the Moon
                

-      - 2.735 K
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What MWA sees?

         where,

: flux density of the Moon

: Solid angle of the Moon
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Fitting for Galactic Temp (method: 1)
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Fitting for Galactic Temp



41

Jointly fitting for the Galactic Temp

assumption: T_Moon is constant through all the epochs

(method: 1)
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Fitting with Galactic Temp

(method: 2)
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Previous Moon measurements

Moon temperature is consistent with the previous work 
from McKinley, B. (2018)
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Summary

● We used 6 Nights of MWA-I observations to test Lunar Occultation.
● FM RFI mitigation technique

○ using RADAR studies of Moon’s reflections Evans (1969).
○ with simple FM flux-density estimator.

● Moon’s temperature is consistent with previous findings from estimates of 
McKinley (2018).

● The jointly fitted occulted background temperatures are about 18-20% (partly 
due to data and partly due to uncertainties in the global sky models)

EARTHSHINE mitigation is really challenging at high frequency resolution.

Future hopes?
● Independent constraints on T_Moon from a different instrument

 such as EDA2.
● Hope to reach a RMS level as low as possible.
● Check for the systematics introduced by interferometer in Difference imaging.
● Check if Occulted Sky Temperature can be put into 

similar tests as Global Experiments.
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source:wordpress.com

Global 
Experiments

Interferometers

EDGES
SARAS

REACHRHINO MIST

My feelings at present :(



Some MWA-phase II (extended) images



                 J231341-091642          
J231212-091927
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source:wordpress.com

Global 
Experiments

SKA

EDGES
SARAS

REACHRHINO MIST

Maybe the future


