
1

Pradiphat Muangha*,1 

David Ruffolo1 

Alejandro Sáiz1 

Chanoknan Banglieng2 

Paul Evenson3 

Surujhdeo Seunarine4 

Suyeon Oh5 

Jongil Jung6 

Marc Duldig7 

John Humble7

1. Department of Physics, Faculty of Science, Mahidol University, Bangkok 10400, Thailand  

2. Division of Physics, Faculty of Science and Technology, Rajamangala University of Technology Thanyaburi, Pathum Thani 12110, Thailand 

3. Bartol Research InsVtute and Department of Physics and Astronomy, University of Delaware, Newark, DE 19716, USA.  

4. Department of Physics, University of Wisconsin, River Falls, WI 54022, USA.  

5. Department of Earth Science EducaVon, Chonnam NaVonal University, Gwangju, Korea 

6. Department of Astronomy, Space Science and Geology, Chungnam NaVonal University, Daejeon, Korea; Korea Polar Research InsVtute, Incheon, Korea 

7. School of Natural Sciences, University of Tasmania, Hobart, Tasmania 7001, Australia

37th International Cosmic Ray Conference                                                                                                                                                                                                   Berlin, Germany, July 2021

“Time-Delay Measurements from Antarc6c 
Neutron Monitor Sta6ons Indicate Weak Spectral 

Change during 27-day Varia6ons”



 150 ° W

 120 ° W

  90
° W

  6
0
°  W

  30
°  W

   0°

  30 °
 E

  60 ° E

  9
0°

 E
 1

20
°  E

 150
°  E

 180° E

 90° S  

 80° S  

 70° S  

 60° S  

ANTARCTIC NEUTRON MONITOR STATIONS
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South Pole Sta6on (SP): 

• 3 tubes (Mar. 2015)

McMurdo Sta6on: 

• 11 tubes with 6 tubes special 

electronics (Dec. 2015 to Jan. 

2017)

Mawson sta6on (MW): 

• 18 tubes (Feb. 2020)

Jang Bogo Sta6on (JB): 

• 6 tubes (Dec 2015 to Jan. 2019) 

• 18 tubes with 11 tubes special 

electronics (Jan. 2019)
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TIME-DELAY HISTOGRAM
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• The electronics records Vme delays between 

successive neutron counts, on count to the 

next count 

• Long Vme delays: counts from independent 

atmospheric neutrons, unrelated events  

• Short Vme delays: mostly from neutrons 

produced from the same Pb nucleus 

• Ruffolo et al., 2016 calculated L from the Vme 

delays histograms  

• L from histograms of Vme delay related to 

cosmic ray spectral index. 

Ruffolo et al., 2016 

L = “leader frac6on” (inverse mul6plicity) 
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COMPARISON OF COUNT RATE C LEADER FRACTION L 

FROM SP, JB, MC, AND MA STATIONS
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DETRENDED DAILY AVERAGE FROM 27-DAY AVERAGE 
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is daily average 

is 27-day running  

average
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CORRELATION C AND L WITH 

SOLAR PARAMETERS

SW[%]SW[%] B[%]B[%]

C [%] L [%]

SP

JB

MC

MA

• SP: Mar 2015 - Feb 2021 

• JB: Dec 2015 - Feb 2021 

• MC: Dec 2015 - Jan 2017 

• MA: Feb 2020 - Feb 2021

• Significant correlaVon -> linear slope greater 

than 2 sigma 

• C and L are negaVve correlaVon with solar wind 

velocity 

• No significant correlaVon between devoVon 

from B magnitude relaVve to C and L 

• L is a much weaker correlaVon with solar wind 

velocity than C
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Solar Modulation
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WAVELET ANALYSIS

• C  see: 

• two significant 

signal with 

periodicity of 27-

day and 13-day 

• Mostly similar to 

solar wind 

• L see: 

• correlated with C in 

27-day periodic  

• but much weaker in 

periodic of 13-day. 

• So, the spectral 

variaVon is only 27-

day period not a 

harmonic
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SUMMARY
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• Using Vme-delay histograms from single NM staVon to calculate “leader fracVon L” can be use to 
observe cosmic rays spectral variaVons  

• ComparaVve analysis of L for 4 AntarcVc NM staVons, SP, MC, JB, and MW, variaVon in L tracking 
with C very well. 

• The 27-day variaVon in L was weaker than GCR count rate C  

• The 27-day variaVon in L and C are significant correlated with solar wind speed (SW) and not with 
magneVc field magnitude 

• Both C and  L were observed anVcorrelaVon with SW but L is a much weaker correlaVon than C 

• Wavelet analysis results:  

•  C are strong two significance signals with periodicity of 27-day and 13-day similar to solar wind 
speed. 

• L showed no visible periodicity at half of the solar rotaVon period. So, the spectral variaVon is 
only 27-day period, not a harmonic
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