
EDGES MEMO #441 
MASSACHUSETTS INSTITUTE OF TECHNOLOGY 

HAYSTACK OBSERVATORY 
WESTFORD, MASSACHUSETTS 01886 

February 20, 2024 
Telephone: 617-715-5533 

To: EDGES group 
From: Alan E.E. Rogers  
Subject: Tests of systematics in EDGES-3 data  

The data from EDGES-3 taken from  2023 day 54 to 2024 day 40 was analyzed in memo 440. In this 
memo I analyze the data in 20 day bins to check for evidence of changes in calibration and antenna S11 
since the failure of the Fieldfox VNA on day 335 2023. In addition, more tests of the effects of different 
FEKO beam models and the sensitivity to RFI filtering are examined and compared with simulations 
and with the data. 

Figure 1a shows the residuals to a 3-term EDGES physical polynomial using data from day 300 2023 
in 20 day bins of data blocks of data for each day from GHA 6 to 18 hours for which the sun is more 
than 2 degrees below the horizon. Apart from limiting the data to the range GHA and the elevation of 
the sun the only other filtering is that applied to each single 3-position switch cycle which are a FM 
limit of 2000 and rms limit of 200 and the frequency channel selection based on a 2.1 sigma SNR limit 
that is made at the end of the data block. The only reason for the 20 day bins is to make the residual 
curves and rms for each day easy to see. With the limit of the sun elevation of only -2 degrees the 
effects of the scintillations discussed in memo 438 are visible when compared with Figure 1b for which 
the sun elevation limit has been set to 20 degrees. The effects of the scintillations have a significant 
effect with the sun less than 20 degrees below the horizon. This is especially apparent starting at day 
350 in figure 1a compared with figure 1b. Figure 1c shows the results of a grid search for the 21cm 
absorption using 5 physical terms for each 20 day bin using a rms limit of 250 mK for each day on data 
with the sun more than 20 degrees below the horizon. Figure 1d shows the results of a test using data 
with the sun more than 2 degrees below the horizon and despite using the same rms threshold limit of 
250 mK for each day the effects of not excluding the scintillations which in the days in bins which start 
with day 320 and 340 are very apparent and lead to a failure to obtain a reasonable absorption result 
from the day 340 – 359 bin. 

Figure 1e shows the  result of using the same processing as Figure 1c with the removal of an absorption 
with  center frequency 78 MHz, width 19 MHz, depth 0.5 K and tau = 4 from the sky noise before the 
polynomial fitting results in a reduction in the rms before the fit for the absorption parameters. The test 
adds to the confidence that the absorption feature is present in the sky and is not just a product of the 
instrumental and processing effects.  

Figure 2 compares the results of a grid search using data from day 363 2023 to day 45 2024 covering a 
GHA range of 6 to 18 hours with a sun limit of -20 degrees in two different ways. The plot on the left is 
the result of the first stage processing each 1 hour  block of GHA separately for each day and the plot 
on the right which is for the first stage processing of a single 12 hour block centered at GHA = 12 for 
each day. This comparison shows that a result with slight lower final residual of 22 mK is obtained for 
the case of processing separate 1 hour blocks and setting a threshold rms on each 1 hour block is better 
than setting a single threshold on the 12 hour blocks. However, bare in mind, that in general the 12 
hour blocks with have less than 12 hours of data owing to the sun elevation limit.  



 
The next test is to check the effects of different choices in the parameters used in the absorption grid 
search used to generate the results shown in the plot on the left side of figure 2. Table 1 lists the 
“reference case” results followed by changes that can be made on the final processing step (EDGES 
longav.c code) up to the case of no beam correction which requires a more complete reprocessing. The 
changes, which are made one at a time, are listed in the first column. The “reference” processing used a 
beam from FEKO using soil conductivity of 2e-2 S/m. 
 
case center  Freq MHz SNR sig K width MHz rmsin mK rms mK 
loglog ref, fig2 left 79.7 40 0.64 20.1 121 22 
physical 79.7 39 0.62 20.2  63 21 
tau 7 80.1 30 0.46 19.2 121 28 
tau 0 82.4 27 0.88 20.9 121 32 
6-terms 79.3 17 0.49 20.9  28 19 
4-terms 87.1 21 0.81 19.6 211 76 
no rms limit on block 79.3 28 0.64 19.9 125 32 
60-100 79.7 28 0.58 19.9  75 22 
54-104 80.1 32 0.52 20.9 199 32 
No beam corr. 79.7 34 0.56 20.3 135 22 
Soil 2e-3 S/m 80.9 37 0.47 18.5 110 22 
Soil 1e-2 S/m 80.9 36 0.48 18.3 116 24 
Table 1.  The effect of the changes of a single processing parameter 
  
The results in table show that for the frequency coverage of 58 and 102 MHz 5 terms are needed to 
model the observed foreground. The small changes in residual before fitting for a feature (rmsin) with 
after fitting for the feature (rms) with no beam correction show that the beam chromaticity is probably 
not the major source of systematics.  The major source of systematics are relatively smooth changes in 
sky noise, ionospheric  absorption and emission,  calibration errors which require 5-terms to model as 
the search using only 4-terms has large residuals and is clearly biased by systematics. 
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Figure 1a. 20 day bins of data blocks of data for each day from GHA 6 to 18 hours  with sun limit of -2 degrees.



 DD=300 rms 6.1e-01

 DD=301 rms 6.4e-01

 DD=302 rms 5.4e-01

 DD=303 rms 5.3e-01

 DD=304 rms 5.4e-01

 DD=305 rms 4.9e-01

 DD=306 rms 3.5e-01

 DD=307 rms 2.7e-01

 DD=308 rms 3.9e-01

 DD=309 rms 4.1e-01

 DD=311 rms 4.0e-01

 DD=312 rms 2.4e-01

 DD=313 rms 6.0e-01

 DD=314 rms 5.6e-01

 DD=315 rms 8.3e-01

 DD=316 rms 5.9e-01

 DD=318 rms 7.4e-01

 DD=319 rms 5.9e-01

 av  rms 5.0e-01 scale x 1

  50   60   70   80   90  100  110

 t
em

p
er

at
u

re
  
 1

.0
0

 K
  
p
er

_
d

iv
is

io
n

Frequency (MHz)

avrms 0.5165

 DD=322 rms 5.5e-01

 DD=325 rms 5.6e-01

 DD=326 rms 4.7e-01

 DD=327 rms 5.7e-01

 DD=328 rms 4.1e-01

 DD=329 rms 4.6e-01

 DD=330 rms 5.6e-01

 DD=331 rms 7.7e-01

 DD=332 rms 7.8e-01

 DD=333 rms 7.4e-01

 DD=334 rms 6.2e-01

 DD=335 rms 1.3e+00

 DD=336 rms 1.6e-01

 DD=337 rms 1.9e-01

 DD=338 rms 1.9e-01

 DD=339 rms 2.3e-01

 av  rms 4.7e-01 scale x 1

  50   60   70   80   90  100  110

 t
em

p
er

at
u

re
  
 1

.0
0

 K
  
p

er
_

d
iv

is
io

n

Frequency (MHz)

avrms 0.5356

 DD=340 rms 3.3e-01

 DD=341 rms 3.1e-01

 DD=342 rms 3.5e-01

 DD=343 rms 3.6e-01

 DD=344 rms 3.5e-01

 DD=345 rms 3.7e-01

 DD=346 rms 3.5e-01

 DD=347 rms 3.5e-01

 DD=348 rms 3.5e-01

 DD=349 rms 3.6e-01

 DD=350 rms 5.5e-01

 DD=351 rms 5.2e-01

 DD=352 rms 4.2e-01

 DD=353 rms 5.1e-01

 DD=354 rms 5.4e-01

 DD=355 rms 7.4e-01

 DD=356 rms 7.5e-01

 DD=357 rms 6.4e-01

 DD=358 rms 8.4e-01

 DD=359 rms 4.8e-01

 av  rms 4.6e-01 scale x 1

  50   60   70   80   90  100  110

 t
em

p
er

at
u

re
  
 1

.0
0

 K
  
p
er

_
d

iv
is

io
n

Frequency (MHz)

avrms 0.4743

 DD=360 rms 6.8e-01

 DD=361 rms 6.6e-01

 DD=362 rms 6.4e-01

 DD=363 rms 6.3e-01

 DD=364 rms 5.4e-01

 DD=365 rms 7.1e-01

 DD=001 rms 6.3e-01

 DD=002 rms 6.4e-01

 DD=003 rms 6.9e-01

 DD=004 rms 6.7e-01

 DD=005 rms 6.4e-01

 DD=006 rms 5.8e-01

 DD=007 rms 6.4e-01

 DD=008 rms 6.7e-01

 DD=009 rms 7.9e-01

 DD=010 rms 6.8e-01

 DD=011 rms 7.6e-01

 DD=012 rms 7.6e-01

 DD=013 rms 7.7e-01

 DD=014 rms 8.2e-01

 av  rms 6.7e-01 scale x 1

  50   60   70   80   90  100  110

 t
em

p
er

at
u
re

  
 1

.0
0
 K

  
p
er

_
d
iv

is
io

n

Frequency (MHz)

avrms 0.6789

 DD=015 rms 6.1e-01

 DD=016 rms 8.5e-01

 DD=017 rms 8.3e-01

 DD=018 rms 5.9e-01

 DD=019 rms 6.3e-01

 DD=020 rms 6.9e-01

 DD=021 rms 7.0e-01

 DD=022 rms 7.6e-01

 DD=023 rms 9.7e-01

 DD=024 rms 9.2e-01

 DD=025 rms 9.5e-01

 DD=026 rms 9.6e-01

 DD=027 rms 8.7e-01

 DD=028 rms 7.8e-01

 DD=029 rms 8.6e-01

 DD=030 rms 7.9e-01

 DD=031 rms 8.3e-01

 DD=032 rms 8.6e-01

 DD=033 rms 6.7e-01

 DD=034 rms 7.9e-01

 av  rms 7.8e-01 scale x 1

  50   60   70   80   90  100  110

 t
em

p
er

at
u
re

  
 1

.0
0
 K

  
p
er

_
d
iv

is
io

n

Frequency (MHz)

avrms 0.7958

 DD=035 rms 8.8e-01

 DD=036 rms 8.5e-01

 DD=037 rms 8.3e-01

 DD=038 rms 8.0e-01

 DD=039 rms 7.8e-01

 DD=040 rms 8.2e-01

 DD=041 rms 8.3e-01

 DD=042 rms 8.4e-01

 DD=043 rms 8.4e-01

 DD=044 rms 8.5e-01

 DD=045 rms 8.6e-01

 av  rms 8.3e-01 scale x 1

  50   60   70   80   90  100  110

 t
em

p
er

at
u
re

  
 1

.0
0
 K

  
p
er

_
d
iv

is
io

n
Frequency (MHz)

avrms 0.8346

Figure 1b. Same as figure 1a with sun limit of -20 degrees.
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Figure 1c. Absorption  grid search for each 20 day bin in figure 1b using 5 physical terms and tau = 4.
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Figure 1d. Same as figure 1c for each 20 day bin in figure 1a.



50   60   70   80   90  100  110

  12  13  14  15  16  17  18  19  20  21  22  24  26
 Z 

   0

   5

  10

  15

  20

  25

  30

  35

  40

  45

  50

S
N

R

-400

-200

0

 200

-400

-200

0

 200

-400

-200

   0

 200

 Best fit signature

 Residual with 5 terms removed rms =  38 mK

 Residual with 5 terms plus signature removed rms =  31 mK

freq 84.4 snr  8.1 sig 0.25 wid 20.90 tau  4 rmsin 0.0381 rms 0.0306 58 - 104


 T
em

p
er

at
u
re

 (
m

K
)

Frequency (MHz)

DD=300

50   60   70   80   90  100  110

  12  13  14  15  16  17  18  19  20  21  22  24  26
 Z 

   0

   5

  10

  15

  20

  25

  30

  35

  40

  45

  50

S
N

R

-400

-200

0

 200

-400

-200

0

 200

-400

-200

   0

 200

 Best fit signature

 Residual with 5 terms removed rms =  38 mK

 Residual with 5 terms plus signature removed rms =  32 mK

freq 84.8 snr  6.8 sig 0.18 wid 19.10 tau  4 rmsin 0.0383 rms 0.0324 58 - 104


 T
em

p
er

at
u
re

 (
m

K
)

Frequency (MHz)

DD=320

50   60   70   80   90  100  110

  12  13  14  15  16  17  18  19  20  21  22  24  26
 Z 

   0

   5

  10

  15

  20

  25

  30

  35

  40

  45

  50

S
N

R

-400

-200

0

 200

-400

-200

0

 200

-400

-200

   0

 200

 Best fit signature

 Residual with 5 terms removed rms =  37 mK

 Residual with 5 terms plus signature removed rms =  36 mK

freq 84.8 snr  2.3 sig 0.09 wid 20.90 tau  4 rmsin 0.0365 rms 0.0357 58 - 104


 T
em

p
er

at
u
re

 (
m

K
)

Frequency (MHz)

DD=340

50   60   70   80   90  100  110

  12  13  14  15  16  17  18  19  20  21  22  24  26
 Z 

   0

   5

  10

  15

  20

  25

  30

  35

  40

  45

  50

S
N

R

-400

-200

0

 200

-400

-200

0

 200

-400

-200

   0

 200

 Best fit signature

 Residual with 5 terms removed rms =  43 mK

 Residual with 5 terms plus signature removed rms =  39 mK

freq 84.0 snr  5.2 sig 0.20 wid 20.90 tau  4 rmsin 0.0430 rms 0.0387 58 - 104


 T
em

p
er

at
u
re

 (
m

K
)

Frequency (MHz)

DD=360

50   60   70   80   90  100  110

  12  13  14  15  16  17  18  19  20  21  22  24  26
 Z 

   0

   5

  10

  15

  20

  25

  30

  35

  40

  45

  50

S
N

R

-400

-200

0

 200

-400

-200

0

 200

-400

-200

   0

 200

 Best fit signature

 Residual with 5 terms removed rms =  61 mK

 Residual with 5 terms plus signature removed rms =  48 mK

freq 83.2 snr  8.6 sig 0.39 wid 20.90 tau  4 rmsin 0.0612 rms 0.0480 58 - 104


 T
em

p
er

at
u
re

 (
m

K
)

Frequency (MHz)

DD=380

50   60   70   80   90  100  110

  12  13  14  15  16  17  18  19  20  21  22  24  26
 Z 

   0

   5

  10

  15

  20

  25

  30

  35

  40

  45

  50

S
N

R

-400

-200

0

 200

-400

-200

0

 200

-400

-200

   0

 200

 Best fit signature

 Residual with 5 terms removed rms =  60 mK

 Residual with 5 terms plus signature removed rms =  41 mK

freq 83.2 snr 11.5 sig 0.45 wid 20.90 tau  4 rmsin 0.0605 rms 0.0415 58 - 104

 T

em
p
er

at
u
re

 (
m

K
)

Frequency (MHz)

DD=400

Figure 1e  Same as processing used for figure 1c but with the subtraction of an absorption feature from the sky - see text for details.  
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Figure 2. Absorption grid search for  day 363 2023 to day 45 2023. The result on the left is for 1 hour blocks of GHA  and the result of the right is for 12 
hour blocks of GHA – see text for more details.
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