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Faculty Members
Space Physics and Energetic Particles Group

Mahidol University, Bangkok, Thailand

+ 2 postdoctoral researchers, 
7 graduate students (4 Thai, 3 international), 

several undergraduate & high school students

David             Alejandro           Warit Petchara Kullapha
Ruffolo                Sáiz Mitthumsiri Pattarakijwanich Chaiwongkhot
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Space Physics at Mahidol University: 
Key Collaborations

Thailand
• Chiang Mai U.
• Kasetsart U.
• NARIT
• PIM
• TMEC/NECTEC
• RMUTT 
• Thammasat U.
• Chulalongkorn U.

USA
• U. Delaware
• Princeton U.
• NASA/Goddard
• U. Wisconsin 

River Falls
• Stanford U.
• U. Hawaii Manoa
• U. New 

Hampshire

Europe
• IRAP, France
• UCL, UK

Asia
• IHEP, CAS, China
• Purple Mountain 

Observatory, China
• Shinshu U., Japan
• Yamagata U., Japan

Australia/ 
New Zealand
• U. Tasmania
• Australian 

Antarctic 
Division

• Victoria U. 
Wellington

Africa
• Northwest U., 

South Africa

Contact: 
david.ruf@mahidol.ac.th
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What are cosmic rays?
 Energetic particles and gamma rays from space

 Ordinary matter accelerated to high energies

Ions (1H+, 4He+2, 12C+6, 16O+8, ...), e- , e+ … γ, μ+, μ-, n

 Earth’s radiation environment … & hazards 

 Key historical cause of biological mutations

 Used for hydrology, detection of nuclear material

 Source of many discoveries in particle physics, most recently 
neutrino oscillations

 Particle component of multimessenger astronomy
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What is a plasma?

 A plasma is the “4th state” of matter 
(solid, liquid, gas, plasma)

  It is an ionized gas.  For example
H       H+  +      e-

Atom  ion  +  electron(s)
  So a plasma is electrically conducting
 Most of the universe is filled with plasmas
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Earth’s

magnetosphere

Solar wind   From the solar corona
  In all directions, at all times

  Impacts Earth’s magnetosphere

Image credit: K. Endo, Nikkei Science Inc. 
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Space Plasma Physics & Cosmic Rays

Space plasma processes accelerate cosmic rays …

… and govern their transport …

… so cosmic rays provide remote sensing of    

plasma conditions throughout the heliosphere

Outer heliosphereInner heliosphere
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Space Plasma Physics & Cosmic Rays

Key sources of cosmic rays for Earth’s radiation environment:

- From solar storms (solar energetic particles)

- From supernova explosions (Galactic cosmic rays)
IN BOTH CASES, TIME VARIATIONS ARE DUE TO OUR SUN

Outer heliosphereInner heliosphere
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The surface of the Sun 
(called the photosphere)

 Sunspots are where intense 
magnetic fields exit or enter 
the photosphere.

 Lower brightness (lower T)
 Large sunspot number every 

11 years (more or less)
 Solar maximum ~ 2000, 2014

& soon
 Solar minimum  ~ 2008, 2019

Photosphere has T=6000 K ... 

... Sunspots have T=4000 K

[Sep. 6, 
2017]
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Full-disk image of the 
Sun in EUV (extreme 
ultraviolet) radiation

[SDO 195 Å image on

October 14, 2017]
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The Sun 
accumulates 

magnetic 
energy ...

... which is 
released 

suddenly in 
solar storms!

การปะทุ (solar flare)

การปล่อยกอ้นมวลจาก

โคโรนา (coronal mass 
ejection; CME)

Solar Energetic Particles (SEPs), one type of Cosmic Rays

[TRACE] [SOHO]
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SEE www.thaispaceweather.com
Facebook: Thai Space Physics & Space Weather

สภาพอวกาศ (Space Weather)
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Overview of Our Research

Operating the 
Princess Sirindhorn Neutron 
Monitor at Doi Inthanon

Participating in LHAASO 
(China)

Analyzing 
Parker Solar 
Probe data

Developing a
Thai Space Detector Magnetic

Reconnection

Plasma 
Simulation

Upgrading & Operating Cosmic Ray 
Detectors at Mawson Station 
(Antarctica)



14

David Ruffolo, Mahidol University

Some of you may be wondering …

Why study cosmic rays in Thailand?

Short answer:

 I love to study cosmic rays, and

 I love Thailand!
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Low-energy cosmic rays only reach Earth’s polar regions; 
higher energy is needed to penetrate equatorial B field

Image credit: http://astronomy.nju.edu.cn/~lixd/GA/AT4/AT407/HTML/AT40705.htm
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Some of you may be wondering …

Why study cosmic rays in Thailand?

There is also a scientific reason!

Earth’s magnetic field (our magnetic spectrometer) 

allows only the “toughest” cosmic rays to come to 

Thailand

Thailand is a unique location for ground-based  

detection of cosmic rays

Image credit: www.invisiblemoose.com (WALTA group)
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Rigidity is pc/q, determines particle trajectory in magnetic field

Locations of neutron monitors and their cutoff rigidities in GV.

Solar particles mostly come here …

… and here.
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Rigidity is pc/q, determines particle trajectory in magnetic field

Locations of neutron monitors and their cutoff rigidities in GV.

Solar particles mostly come here …

… and here.Mawson (30 m)
Cutoff ~1 GV   



EARTH

ATMOSPHERE

Electro-
magnetic 

shower

Muons 
(directional)

Nucleons
(clear 
atmospheric
correction;
mostly from 
primaries 
near cutoff)

γ-ray showers
are electro-

magnetic 
(pair production, 
bremsstrahlung, 

Compton scattering, 
etc.)

Primary cosmic ray ion
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Pb . . .

PE reflector

PE moderator
(PE=polyethylene)

Wood

PC= 10BF3 proportional counter
PC wire    PC wall

n + 10B   7Li + 4He 

Princess Sirindhorn Neutron Monitor
(18 counters, NM-64 design) Atmospheric 

secondary particle 
(usually a neutron)

Provides accurate count rate, related to cosmic ray flux in space.
Altitude is extremely important, so at Thailand’s highest peak …

[Ruffolo+16]
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Opening ceremony, January 21, 2008
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(submitted to Physical Review Applied)
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Solar Effects on Galactic Cosmic Rays

 11/22-year solar cycle: solar modulation (during solar 
maximum, Galactic cosmic rays “blown out”) 
[Mangeard+18]

 27-day synodic variations: as Sun rotates, Earth feels fast 
or slow solar wind, faster wind blows out cosmic rays 
[Yeeram+14]

 1-day diurnal variations: as Earth rotates, we sample 
particles from different directions, measure anisotropy 
[Yeeram+14, Buatthaisong+22]

 Solar storms: Galactic cosmic ray flux decreases 
(“Forbush decreases”) as blown out by solar storms 
[Tortermpun+18, Munakata+22]
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Solar Minimum
p

α
Solar Maximum

[Clem+03]

Solar modulation: Energy (or rigidity) spectrum 
of Galactic cosmic rays varies with the solar cycle.

Usually, any “rolling” (count rate decrease) occurs with hardening of 
spectral index.  Does the spectrum “roll” & “unroll” in the same way?
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 Measuring spectral variations at a single NM station 
using neutron time-delay distributions                             
Implemented at Doi Inthanon, NM at highest cutoff, so 
extends the “reach” of worldwide NM network.

Banglieng+20

From time-delay 
histograms … infer 
“leader fraction”  
(inverse multiplicity)

Leader fraction

Le
ad

er
 fr

ac
tio

n

Count rate

Count rate

Hysteresis indicates 
change in modulation 
after polarity reversal

Ruffolo+16
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At high cutoff rigidity (~17 GV), variation in 
the spectral index is not precisely 
measured by spacecraft. 

At low cutoff rigidity (~1 GV), we use AMS-
02 data to calibrate the leader fraction 
from Antarctic NMs, to provide long-term 
ground-based measurements of the 
Galactic cosmic ray spectrum based on 
individual stations.  Daily spectral power-
law index can be measured with absolute 
uncertainty of ±0.02. 
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Cosmic ray spectrum: Analyzing data from the 
1994-2007 American-Australian latitude surveys 

(Analysis led by Waraporn Nuntiyakul)

[Nuntiyakul+14; see also Nuntiyakul+18, Nuntiyakul+20, Poopakun+23]
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Crossover in spectra for opposite solar magnetic 
polarity (near sunspot minimum)

[Nuntiyakul+14]

This confirms a change in 
solar modulation of 
Galactic cosmic rays after 
solar magnetic polarity 
reversal
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“Changvan” 
portable  
neutron 
monitor

This has measured the 
cosmic ray flux during two 
sea voyages between China 
and Antarctica in 2019-
2020.  
Currently on a Korean ship!
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Neutron monitor detection 
of Galactic cosmic rays

We have developed 
state-of-the-art 

Monte Carlo (FLUKA) modeling 
of Galactic cosmic ray primary 
particle (PP) interactions in the 
atmosphere to make secondary 

particles (SP) …  
followed by modeling SP 

interactions in the neutron monitor
[Mangeard+16a,b]
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[Aiemsa-ad+15]
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Our “galaxy cluster” 
(21 nodes, 320 cores)



David Ruffolo, Mahidol University

Large High Altitude Air Shower Observatory (LHAASO) 
in Sichuan, China at 4410 m altitude
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18
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[Cao+21, Nature]
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Cosmic ray random walk (~15 Myr)

Gamma rays 
from cosmic rays 

in our Galaxy:

1. Acceleration (origin: where, how?)
 e+, e- (leptons)

 p & other ions (hadrons)

2. Transport (propagation)

3. Interactions
 leptons: electromagnetic 

cascade   

(e+, e-, γ) 

 hadronic cascade: 

π+, π- μ, ν

π 0  2 γ
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Gamma ray burst GRB221009A: Brightest Of All Time (BOAT)

[NASA]

Short GRB (<2 s)

Long GRB (>2 s)

 Estimated to occur 
once every 10,000 
years!

 LHAASO has 
continuous 
coverage (no 
pointing needed)

 Luckily, this GRB 
was high in the sky

 First ever 
observation of TeV
afterglow onset …

 Recent publication 
in Science



[Cao+23, Science]

 From time profile, conclude that environment had constant density (not a wind)

 Earliest ever detection of a jet break, indicates beam angle <1 degree

 Extreme beaming explains extreme brightness 

Jet break
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First Observation of Transient Large Scale Anisotropy >150 GeV

Hourly WCDA skymaps centered at the zenith direction, out to a zenith angle of 45 degrees (outer circle), 
for 60 < Nhit < 100 for each hour UT of 2021 Nov 4

• Around the time of 
ICME arrival, midday 
on 2021 Nov 4, there 
was a marked 
enhancement in the 
anisotropy and the 
gradient magnitude
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Space physics and energetic particles group, 
alumni, friends, & family, 2017


