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Calibration method overview
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• Independent linear fit for each frequency band

Id: 40 (2017/02)

Simulated antenna 
response 
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Id: 40 (2017/02)
• Using Simulated directional 

response
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Calibration method overview
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AERA Galactic Calibration implementation 
within Offline

• We implemented two modules in Offline:

RdChannelGalacticCalibrator

RdChannelGalacticCalibrationGenerator

• We describe all details  about the implementation of the 
modules within Offline in GAP2023_036.

Computes the calibration constants (any sky temperature 
model) for each antenna type (LPDA or Butterfly).

Used to correct the trace using the calibration constants
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Detailed study of antennas behavior over 
the years
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A2(⌫i)• The  average spectral density is defined as:

where A is the signal amplitude in frequency bin i and N is the total 
number of bins

• The calculation of the calibration constants on a monthly basis, 
covering a time span of approximately 10 years and involving a total 
of 152 antennas requires the analysis of a substantial  volume of 
data, and caution is necessary to ensure that sporadic variations in 
local noise or antenna  behavior do not compromise the accuracy of 
the Galactic calibration

• Goal: Study the behavior of each antenna over time. For this, we 
chose to analyze average spectral density patterns exhibited by each 
antenna over time, classifying them into four distinct categories. We 
describe the frequency of occurrence of each class and the extent of 
their impact on the absolute calibration.
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• This classification demonstrates a spectral density distribution along the LST consistent with the 
expected galactic modulation. These signals are stable throughout the entire LST and have noise that 
is easy to identify and remove using the standard threshold method.


• This classification corresponds to approximately 87% of all data from 2013 to 2020 for Butterfly 
antennas ( ~90.5% in previous works) and 74.8% for LPDA antennas (~92.2% in previous works).

• This classification is characterized by an incomplete distribution regarding time in LST and, therefore, 
this data cannot be used in the present offline Galactic calibration approach.


• This classification corresponds to approximately 4% of all data from 2013 to 2020 for Butterfly antennas 
(~1.9% in previous works) and 10.7% for LPDA antennas (~1.1% in previous works).

• This classification is characterized by a low number of traces collected during a certain period of time 
(1 month). 


• This classification corresponds to approximately 2% of all data from 2013 to 2020 for Butterfly 
antennas (~1.9% in previous works) and 6.4% for LPDA antennas (~2.2% in previous works).

• This classification is characterized by the appearance of two or more distinct distributions in the average 
spectral density distribution within the same month and generates unreliable thresholds for rejecting 
broadband noise. 


• This classification corresponds to approximately 6.8% of all data from 2013 to 2020 for Butterfly 
antennas (~5.7% for previous works) and approximately 8.1% for LPDA antennas (~4.5% for previous 
works).

Spectral density with bimodal distribution

Spectral density with low statistics

Spectral density with lack of data in ranges of LST

Spectral density with expected behavior

Detailed study of antennas behavior over 
the years
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Id:30 North-South

Beacon intensity increase

• Beacon intensity changed few times during the 
years 2014 - 2020

• These intensity changes affect all antennas, resulting 
in all of them exhibiting a dual spectral distribution.

Line guide
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Spectral density with bimodal distribution

• 2 factors contribute to the emergence of the dual 
distribution:

Sporadic appearance of noises in the 
antenna (very intense)

Beacon intensities change suddenly. Id:30 North-SouthId:30 North-South

Id: 71 (NS) Id: 71 (NS)

Beacon intensity increased 

Beacon intensity very intense• Removing only beacons frequencies leaves residual 
signals

• We solve this problem by  rejecting an additional 
frequency bin adjacent to the beacon frequency

• The new results to be presented in this talk have already 
been corrected.

• We provide tables reporting the behavior of all KIT/BUW 
AERA antennas from 2013 to 2020, separated by 
channel, on a monthly basis. 
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Id:30 North-South

Beacon intensity increase

• These intensity changes affect all antennas, resulting 
in all of them exhibiting a dual spectral distribution.

Line guide
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Spectral density with bimodal distribution

• 2 factors contribute to the emergence of the dual 
distribution:

Sporadic appearance of noises in the 
antenna (very intense)

Beacon intensities change suddenly. Id:30 North-SouthId:30 North-South

• Removing only beacons frequencies leaves residual 
signals

• We solve this problem by  rejecting an additional 
frequency bin adjacent to the beacon frequency

• The new results to be presented in this talk have already 
been corrected.

• We provide tables reporting the behavior of all KIT/
BUW AERA antennas from 2013 to 2020, separated by 
channel, on a monthly basis. 

• Beacon intensity changed few times during the 
years 2014 - 2020



For LPDA antennas, 2016 has only 3 months of useful data, as either no data is available or they have incomplete spectral 
density. This motivated us to exclude all data before 2016 in the LPDA antenna aging study, as there is a large gap in time, and 
there are many cases of double spectral density.

For the Butterfly AERA 3, there is no data available before 2015/02 and in the months 03, 04 and 05, the antennas have 
spectral density with lack of data in ranges of LST, so there are only 7 months of useful data in 2015, this motivated us to 
exclude 2015 in the aging study for the Butterfly AERA 3 antennas.

• The same quality cutoffs were made in previous studies (ICRC23).

For Butterfly AERA 2, the year 2013 has only 7 months of the useful data, and in May and April, all antennas have incomplete 
spectral densities. This fact motivated us to exclude the year 2013 in the aging study for the Butterfly AERA 2 antennas. 

Average spectral density over the years * Note: No radio data for 
months 2013/01, 2013/02, 
2013/03

• For the study of aging, the following quality cuts were made to the data:

• For more details, see the gap note GAP2023_044
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• The expected power as a function of frequency (integrated 
in LST) taking into account the antenna directional response 
follows is in accordance with Max Büsken study.

Galactic calibration using different 
sky temperature models Max Büsken
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Butterfly Stations

• This is not the case because the Galactic calibration is performed as 
function of LST. As we can see, the hierarchy of the models as a function 
of LST is different from the hierarchy as a function of frequency. In 
particular, the LFMap model predicts a hotter GC than other models and 
the hierarchy of the models also change as a function of LST

• Since the LFMap is a king of “average model”, a first analysis 
of this plot could induce us to conclude that the calibration 
constantes obtained for the LFMap model should also be a 
kind of “averaged calibration over the models”



Galactic calibration using different 
sky temperature models Max Büsken
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North-South Channel

Max Büsken

• LFmap has a "hotter" galactic center than the 
other models.

• This is not the case because the Galactic calibration is performed as 
function of LST. As we can see, the hierarchy of the models as a function 
of LST is different from the hierarchy as a function of frequency. In 
particular, the LFMap model predicts a hotter GC than other models and 
the hierarchy of the models also change as a function of LST

• Since the LFMap is a king of “average model”, a first analysis 
of this plot could induce us to conclude that the calibration 
constantes obtained for the LFMap model should also be a 
kind of “averaged calibration over the models”

• The expected power as a function of frequency (integrated 
in LST) taking into account the antenna directional response 
follows is in accordance with Max Büsken study.
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LPDA Stations Ch 1
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Butterfly Stations Ch 2
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Butterfly Stations Ch 1• The hierarchy of calibration constants doesn't exhibit the 
same behavior as the analysis of average power versus 
frequency (integrated over LST). This is because the 
Galactic calibration is carried out by taking into account 
the relationship between average power and LST. If there 
is an inversion in the hierarchy of models at certain hours 
of LST, it is reflected in the fitting process, leading to 
higher or lower C0 values.

Large separation in 
the initial hours

Less separation 
between models in 
later hours
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55 MHz

Galactic calibration using different sky 
temperature models
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• The calibration constants obtained for each model present 
a hierarchy distinct from that seen in the average expected 
power as a function of frequency of each model.
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Butterfly Stations
• Use a cosine + linear function to account for seasonal modulation

AgingMonths
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• Periodically triggered data
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C0 as a function of the time 
(compute Aging)

• Error bar: RMS/  each monthN

52 Butterfly stations (AERA2) from 2014 until 2020
24 Butterfly stations (AERA3) from 2016 until 2020
14 LPDA stations from 2017 until 2020
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We highlight the LFmap model used in previous studies 11



Compute uncertainties
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LFmap model

• We have an unknown residual variation and we need to be careful to 
not confuse actual aging with some effect that just happened to be 
higher in later/earlier years.

• Uncertainties are underestimated in the cosine + linear fit approach.

• How to account in the uncertainties for randomly strong fluctuations (not 
described by the fit) possibly observed for all antennas in some specific 
months?

• Error bar: RMS each month

2014 2015 2016 2017 2018 2019 2020

20142015201620172019 2020 2018

!"#$"% %&#'$%()*+),-./(-.%012±
&#34"% %3#33567%±

3#3'3&"% %3#33655%±
&#536.!3#7
&"'#5,$'

!'#437% %3#&468%±

a = -4.74  1.27 aging/decade [%]±



Study of C0 as a function of the time
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• The uncertainties are estimated by calculating the root mean square (RMS) of 
simulated mock data for calibration constants. This mock data is generated using 
Gaussian function with center value and error bar assigned for each month, and 
then the years are randomly shuffled.

• The final aging is given by the weighted average over the agings of all antennas

• Non relevant and non significant aging effect in AERA data
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+ (0.2 ± 1.0) % per decade

- (0.3 ± 0.8) % per decade
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Conclusions

• Non relevant and non significant aging effect in AERA data

• All models are compatible with the same aging.

•  We need to decide on what sky model should be used

Next Steps
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• Several studies performed to obtain Galactic calibration in a monthly basis 
for all AERA antennas 

• Results particularly important for AERA energy scale paper and AERA 
antennas agings studies 

We will use the average and RMS of all calibration 
constants obtained from all sky temperature models.


