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• Introduction: 
• The Discovery of Cosmic Rays 
• Cosmic Rays

• Instrumentation
• Standard Neutron Monitor (NM64)
• Semi-Leaded Neutron Monitor Changvan

• Latitude Surveys
• Response Functions
• Conclusions
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INTRODUCTION: THE DISCOVERY OF COSMIC RAYS

https://www.researchgate.net/figure/Natural-radiation-
sources_fig4_255275007

Natural radioactivity from the ground

Does this imply that the expected trend 
is a decrease as we move higher?
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INTRODUCTION: THE DISCOVERY OF COSMIC RAYS
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Victor Hess is credited with the 
discovery of cosmic rays (1912)

• Ionization of air was known to be due to 
“radiation” (particles + gamma rays).

• Due to radioactive minerals in Earth? Yes, 1-2 
km above land.

• Hess’s balloon flight showed 4-fold increase at 
5-km altitude, inferring what was later called 
“cosmic radiation” (or “rays”); later received 
Nobel Prize.

Victor Francis Hess
Nobel Prize in Physics in 1936 for the 

Discovery of Cosmic Rays
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INTRODUCTION: COSMIC RAYS

3

 Energetic particles or 𝛾𝛾-rays from space

 Discovered by Hess in 1912 (Nobel Prize in 1936)

 Ordinary matter accelerated to high energies
 p, 4He, 12C, 16O, heavy nuclei and 𝛾𝛾, e+, e-, 𝜇𝜇, 𝜈𝜈, ...

 Key sources of CRs for Earth’s radiation environment:
 From solar storms (solar energetic particles)

 From supernova explosions inside the Milky-Way Galaxy (Galactic cosmic rays)

 From intense events/objects GRB, AGN outside the Galaxy (Extra Galactic cosmic rays)

 Key cause of biological mutation
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Moderator 
(polyethylene)

INSTRUMENTATION: STANDARD NEUTRON MONITOR (NM64) 

Producer (Pb) Reflector
(polyethylene)

Secondary Neutrons

Tube 
Alignment

Piece (wood)

Neutron counter

Sketch of the standard neutron monitor (NM64)

n + 10B   7Li + 4He 

8/10/2023THE 2ND THAISCUBE WORKSHOP 9



Moderator 
(polyethylene)

INSTRUMENTATION: CHANGVAN SEMI-LEADED DETECTOR

Producer (Pb) Reflector
(polyethylene)

Secondary Neutrons

Tube 
Alignment

Piece (wood)

Neutron counter

Sketch of the semi-leaded neutron monitor Changvan

n + 10B   7Li + 4He 
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𝐷𝐷𝐷𝐷𝐷𝐷 𝑃𝑃 = −
𝑑𝑑𝑑𝑑
𝑑𝑑𝑃𝑃 𝑝𝑝

= �
𝑖𝑖

𝐽𝐽𝑖𝑖 𝑃𝑃, 𝑡𝑡 𝑌𝑌𝑖𝑖(𝑃𝑃, ℎ)

Count Rate

Differential 
Response 
function    

Chinese Icebreaker Xue Long
survey years:

• 2018-2019
• 2019-2020

GCR  spectrum Yield  function

8

Current Collaborations:
South Korea (KOPRI):

• Survey year 2023-2024
• Survey year 2024-2025
• Survey year 2025-2026

There is a possibility of changes occurring.

University of Hawaii: Haleakala summit

𝑁𝑁 𝑃𝑃𝑐𝑐, ℎ, 𝑡𝑡 = �
𝑃𝑃𝑐𝑐

𝑃𝑃𝐿𝐿
𝐽𝐽𝑖𝑖 𝑃𝑃, 𝑡𝑡 𝑌𝑌𝑖𝑖 𝑃𝑃, ℎ 𝑑𝑑𝑑𝑑
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RIGIDITY

 Rigidity (𝑃𝑃) =  momentum/charge = 𝑝𝑝/𝑞𝑞

 Charge 𝑞𝑞 is in proton unit

 Normal unit for 𝑃𝑃 is “Gigavolt” (GV)

 𝑃𝑃is a good quantity for describing a 
article's behavior in a magnetic field

𝑞𝑞𝑞𝑞𝑞𝑞 = 𝑚𝑚𝑚𝑚2/𝑟𝑟
𝑃𝑃 = 𝑚𝑚𝑚𝑚/𝑞𝑞𝑞𝑞 = 𝑝𝑝 / 𝑞𝑞𝑞𝑞
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The total energy of a nucleon 𝐸𝐸𝑇𝑇 is the sum of the kinetic energy 𝐸𝐸 plus rest-mass
energy 𝑚𝑚0𝑐𝑐2

𝐸𝐸𝑇𝑇 = 𝐸𝐸 + 𝑚𝑚0𝑐𝑐2 = 𝑚𝑚𝑐𝑐2 (1)

Where 𝑚𝑚0 is the rest mass, 𝑚𝑚 is the relativistic mass, and 𝑐𝑐 is the speed of light in vacuum.

The rest mass energy of a proton is 938.232 MeV, the rest mass of a neutron is 939.526
MeV, and the rest mass of an electron is 510.984 keV. The total energy is related to the
particle momentum 𝑝𝑝 by…

𝐸𝐸𝑇𝑇 = 𝑝𝑝2𝑐𝑐2 + 𝑚𝑚0
2𝑐𝑐4 1/2 (2)

The magnetic rigidity 𝑃𝑃, with units of momentum per unit charge, is defined as

𝑃𝑃 =
𝑝𝑝𝑝𝑝
𝑞𝑞 (3)

RIGIDITY TO ENERGY
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From equation (2), the conversion can be done conveniently by 
employing the relativistic parameter 𝛾𝛾. We defined 𝐸𝐸𝐴𝐴 is the kinetic 
energy per nucleon, and 𝐸𝐸0𝐴𝐴 is the rest mass energy per nucleon. 

𝐸𝐸𝑇𝑇 = 𝑝𝑝2𝑐𝑐2 + 𝑚𝑚0
2𝑐𝑐4 1/2 where 𝑚𝑚0

2𝑐𝑐4 = 𝐸𝐸02

𝐸𝐸𝑇𝑇2 = 𝑝𝑝2𝑐𝑐2 + 𝐸𝐸02Squaring both sides,

𝑝𝑝2𝑐𝑐2 = 𝐸𝐸𝑇𝑇2 − 𝐸𝐸02

𝐴𝐴
𝑒𝑒𝑒𝑒

2

𝑝𝑝2𝑐𝑐2 =
𝐴𝐴
𝑒𝑒𝑒𝑒

2

𝐸𝐸𝑇𝑇2 −
𝐴𝐴
𝑒𝑒𝑒𝑒

2

𝐸𝐸02Take 
𝐴𝐴
𝑒𝑒𝑒𝑒

2
both sides,
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𝐴𝐴2

𝑍𝑍2𝑒𝑒2
𝑝𝑝2𝑐𝑐2 =

𝐴𝐴2

𝑍𝑍2𝑒𝑒2
(𝐸𝐸𝑇𝑇2 − 𝐸𝐸02)

𝑃𝑃2 =
𝐸𝐸𝑇𝑇2 − 𝐸𝐸02

𝑍𝑍2𝑒𝑒2

𝑃𝑃 =
𝐸𝐸𝑇𝑇2 − 𝐸𝐸02

𝑍𝑍𝑍𝑍

For  𝐸𝐸𝐴𝐴 ≡ 𝐸𝐸𝑇𝑇/𝐴𝐴 (“Total energy per nucleon”), 𝐸𝐸𝑇𝑇 = 𝐸𝐸𝐴𝐴𝐴𝐴, and 𝐸𝐸0 = 𝐸𝐸0𝐴𝐴𝐴𝐴.

𝑃𝑃 =
𝐴𝐴
𝑍𝑍𝑍𝑍

𝐸𝐸𝐴𝐴2 − 𝐸𝐸0𝐴𝐴2
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Exercises

Thailand has highest cutoff rigidity (minimum momentum per unit charge) with a 
value of approximately 17 GV. 
a) How much energy in GeV for a proton?
b) How much energy in GeV for an alpha particle (Helium-4)?
c) What province in Thailand has the highest cutoff rigidity?



 Apparent Cutoff  Rigidity
is an estimate taking into account the 
details of geomagnetic penumbra in 
each  possible  direction of incidence.

Cutoff  Sky Map

IGRF Magnetic Field Model : International 
Geomagnetic Reference Field plus
Tsyganenko magnetosphere

 Vertical  Cutoff  Rigidity  
is the minimum rigidity for a vertically 
incident particle to enter the 
atmosphere at a particular location
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LATITUDE SURVEY: VOYAGES IN 2018 & 2019 SURVEY YEARS

The tracks of the ship-
borne neutron monitor 
latitude surveys are 
overlaid onto a contour 
map of the vertical 
cutoff rigidity (GV) 
calculated for February 
11, 2019 at 12:00 UT.

Image Credit: 
Poopakun et al., 2023
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Comparative Overview of Changvan Data for the Survey Years: (LEFT) 2018 and (RIGHT) 2019. Categories: (a) Count 
Rate, (b) Pressure, and (c) Geomagnetic Cutoff Rigidity (GV). Image Credit: Poopakun EA 202x

2018 Survey Year 2019 Survey Year
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(a) Changvan hourly rates for leaded counters, uncorrected (grey) and corrected (black) for pressure.
(b) Changvan hourly rates for unleaded counter, uncorrected (light blue) and corrected (blue) for pressure.
(c) The barometric pressure.
(d) PSNM count rate corrected for pressure. [downloaded from NMDB]
Image Credit: Khamphakdee EA 2020

(a) 

(b) 

(c) 

(d)
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DIFFERENTIAL RESPONSE 
FUNCTION 𝑫𝑫𝑫𝑫𝑫𝑫

𝐷𝐷𝐷𝐷𝐷𝐷 𝑃𝑃 = −
𝑑𝑑𝑑𝑑
𝑑𝑑𝑃𝑃𝑐𝑐 𝑝𝑝

= �
𝑖𝑖

𝐽𝐽𝑖𝑖 𝑃𝑃, 𝑡𝑡 𝑌𝑌𝑖𝑖(𝑃𝑃, ℎ)

𝐷𝐷𝐷𝐷𝐷𝐷 𝑃𝑃 = 𝑁𝑁0𝛼𝛼𝑃𝑃−𝜅𝜅−1𝜅𝜅𝑒𝑒−𝛼𝛼𝑃𝑃
−𝜅𝜅.

𝑁𝑁 𝑃𝑃𝑐𝑐 = �
𝑃𝑃𝑐𝑐

∞
𝐷𝐷𝐷𝐷𝐷𝐷 𝑃𝑃 𝑑𝑑𝑑𝑑,

𝑁𝑁 𝑃𝑃𝑐𝑐 = 𝑁𝑁0 1 − 𝑒𝑒−𝛼𝛼𝑃𝑃𝑐𝑐−𝜅𝜅 ,

Integral 
Response Function

Differential 
Response Function
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New Journeys (Araon Icebreaker)
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CONCLUSIONS
 The Changvan neutron monitor represents a portable solution for neutron detection.
 Pressure correction is required for neutron monitors globally.
 Neutron monitors are highly sensitive to environmental and surrounding influences.  
 Utilizing this device, we have the capability to derive a differential response function, enabling 

the study of changes within the spectrum.
 Exciting new collaboration with South Korea (KOPRI). 
 The upcoming Antarctic expedition is scheduled for December 20, 2023.
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Q & A
Waraporn Nuntiyakul
Email: waraporn.n@cmu.at.th

Website: www.antarcticthai.com
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