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Radiation

Ionizing radiation

➢ Beta radiation (β)

➢ Neutron radiation (n)

➢Alpha radiation (α)

➢ Gamma radiation (γ)

➢ X-rays

➢ Ultraviolet radiation

Non-ionizing radiation

➢ Ultraviolet light (soft UV, from 3 eV to about 10 eV)

➢ Visible light

➢ Infrared

➢ Microwave

➢ Radio wave

➢ Very low frequency

➢ Extremely low frequency

➢ Thermal radiation (heat)

➢ Black-body radiation

Energy threshold: 10 eV, ionize atoms 

and molecules, and break chemical bonds.
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Wave-particle duality
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E: particle’s energy
h: Planck constant
v: frequency
λ: wavelength



Radiation

Credit: University of Washington 
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https://www.idropnews.com/news/scary-petition-claims-airpods-emit-dangerous-radiation-but-is-it-true/98916/


Radiation

➢α (helium nuclei)

➢β (electrons/positrons)

➢x/γ (photons)

➢n (free neutrons)

Penetrating power: α < β < x/γ 

Ionization power: α > β > x/γ 

Charged

Neutral

Credit: Types of ionizing radiation
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Unstable, τ = 877 s (~15 mins)

https://www.nuklearesicherheit.de/en/science/physics/ionising-radiation/types-of-ionising-radiation/


Basic knowledge of radiation
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I is the total number 

of radiation types. J is the total number 

of tissues irradiated.

6



Radiation
TW
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Radiation

Doses from Common Radiation 

Sources, both natural and man-

made.

Credit: CDC Radiation Emergencies | Radiation Thermometer
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上消化道
X光检查

https://www.cdc.gov/nceh/radiation/emergencies/radiationthermometer.htm


Credit: CDC Radiation Emergencies | Radiation Thermometer Text Version
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https://www.cdc.gov/nceh/radiation/emergencies/radiationthermometertext.htm


Radiation
Comparison of the surface radiation 
environments on the Moon and the EarthEarth-Moon system

Celestial 

body

Earth Moon

Surface 

environment

➢ Dense atmosphere

➢ Stable global dipole 

magnetic field

➢ Without a substantial 

atmosphere

➢ Without global magnetic field

Main radiation 

source

Gamma rays and low-

energy alpha particle

(Radioactive elements in 

our living environment)

Ions of high atomic number and 

energy (Cosmic rays and the 

secondary particles produced by 

their interactions with the lunar 

surface)

Credit: Rev. Mod. Phys. 83, 1245 (2011)
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Cosmic rays

Types

➢ Solar energetic particles (SEPs): originate 
from the Sun, associated with intense solar 
activities (such as solar flare and CME). 

➢ Galactic cosmic rays (GCRs): from the 
explosions of supernovae within our own 
Milky Way Galaxy;

➢Anomalous cosmic rays (ACRs): from neutral 
atoms of the local interstellar medium (H, He, 
N, O, Ne, and Ar, elements with high FIPs).

Heliosphere

Schematic drawing of the heliospheric interface

GCRs
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Inner heliosphere: < 1 AU from the Sun

Credit: Physics Today 51(1):31-37 (1998)

https://www.researchgate.net/journal/Physics-Today-0031-9228


Cosmic rays

Solar modulation refers to the influence the Sun exerts upon

the intensity of galactic cosmic rays. As solar activity rises (top

panel, Source: WDC-SILSO Royal Observatory of Belgium,

Brussels), the count rate recorded by a neutron monitor in Inuvik,

Canada decreases (bottom panel, Source: Bartol Research

Institute, University of Delaware, USA).

Credit: Solar Modulation (udel.edu)

Credit: Showers of cosmic ray reactions with particles of the atmosphere

Weakest solar minimum
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Credit: Sunspots | (gsu.edu)

https://neutronm.bartol.udel.edu/modplot.html#:~:text=Solar%20modulation%20refers%20to%20the%20influence%20the%20Sun,Source%3A%20Bartol%20Research%20Institute%2C%20University%20of%20Delaware%2C%20USA%29.
https://www.researchgate.net/figure/Showers-of-cosmic-ray-reactions-with-particles-of-the-atmosphere-Clo02_fig9_272826408
http://sites.gsu.edu/geog1112/sunspots/


Chang’E-4 mission and LND

➢ Launch time: December 8, 2018

➢ Landing time: 10:26 (UTC+8) January 3, 
2019

➢ Landing site: Von Kármán crater (45.5°S, 
177.6°E) at the surface of the lunar far side

➢ Payload: Four instruments onboard the lander 
(CE-4) and the rover (Yutu-2), respectively

➢ Current status: Alive

Credit: Space Sci. Rev. 217, 35 (2021)
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Chang’E-4 mission and LND

Credit: Space Sci. Rev. 217, 35 (2021)

Sensor Head

Electronic Box
Credit: Space Sci. Rev. 216, 104 (2020)
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A stack of ten 500-μm-thick dual-segment 

Si solid-state detectors labeled A through J

Telescope configuration



Chang’E-4 mission and LND

Reasons for lunar surface radiation 
environment study

➢ Safety concerns relating to exposure to space 
radiation (Astronaut and instrument)

➢ Manufacturing costs control due to severe 
mass constraints in spaceflight

Influencing factors of lunar radiation 
environment

➢ Lunar exosphere

➢ Dust grains

➢ Lunar magnetic anomalies

➢ Solar wind reflected particles

➢ Local terrain obscuring

➢ Secondary particles produced by the 
interactions between CRs and the nuclei of 
lunar regolith
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LET and dose rate measurements

⚫ Research contents

➢ Measure the linear energy transfer spectrum on the lunar surface;

➢ Measure the dose rate on the lunar surface (charged + neutral particles).
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LET and dose rate measurements

➢ Consistent with that measured by

LRO/CRaTER (10.0 μGy/hour) for 

charged particles

➢ Contribution from neutral particles

are non-negligible (23±4)%

➢ GCR equivalent dose rate:

(57.1 ± 10.6) μSv/hour 

Average quality factor: <Q>=4.3±0.7
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Low-energy cosmic ray measurements

⚫ Research contents

➢ Measure the low-energy cosmic ray (CR) energy spectra on the lunar surface (H, He, CNO, and HI);

➢ Extract the ratios of 3He to 4He;

➢ Verify the dawn-dusk symmetry of the CR energy spectrum on the lunar surface.
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Low-energy cosmic ray measurements

Illustration of the relative positions of the ACE, SOHO, 

and ARTEMIS-P1 spacecraft in the X-Y GSE plane during 

the working periods of the CE-4/LND.

Comparisons of the CR fluxes between the CE-4/LND 

measurements and the in situ measurements made at 

1 AU and the predictions of the CRÈME models.
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Low-energy cosmic ray measurements

CR flux ratios of the CE-4/LND measurements to the 

in situ measurements made at 1 AU and to the CRÈME 

modeling results.

Similar to the figure on the left, but are 

averaged over the energies of each group.
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Low-energy cosmic ray measurements

The CR energy spectra of 3He and 4He 

and the ratios of 3He to 4He.

The ratios of the observed CR fluxes in the lunar

local morning to those in the lunar local afternoon.
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Low-energy cosmic ray measurements
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⚫ Research significance

➢ Verify the related theoretical models;

➢ Provide input data for CR and CR-related studies on the lunar surface, enhancing our understanding on the 

proton, neutron, and gamma emission spectroscopy from the lunar surface;

➢ Confirmation of the CR dawn-dusk symmetry on the lunar surface guides the selections of landing times for 

future crewed lunar missions and extravehicular activities on the lunar surface.



Summary

⚫Radiation (type, absorbed dose, equivalent dose, effective dose, and radiation 

sources in daily lives) 

⚫Cosmic rays (type, origination, and solar modulation)

⚫Chang’E-4 mission and the LND

⚫Radiation dose rate and LET spectrum (absorbed dose rate and equivalent 

dose rate in water from the charged and neutral particles )

⚫ Cosmic rays measurements (energy spectrum, flux ratios of 3He to 4He, and 

dawn-dusk symmetry of the CR energy spectrum verification)
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Thank you for your attention!

24



25

Backup
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Credit: Anatomy of the Sun | NASA

https://www.nasa.gov/mission_pages/sunearth/science/solar-anatomy.html


LET and absorbed dose rate measurement

Average quality factor: <Q>=4.3±0.7
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Schematic view of the LND sensor head and its 
accommodation in the Chang’E 4 payload compartment.

The LND detector system consists of 10 dual-segment silicon 
SSDs (A to J) shown and labeled in blue. They are arranged such 
as to form a particle telescope that views the sky through an 
opening of the payload compartment. The structure shown in 
green absorbs thermal neutrons and is irrelevant for this paper. 
This opening in the payload compartment (indicated by gray 
walls) is closed during the lunar night and reopened in the 
lunar morning. Multilayer insulation is shown in gold and 
insulates the LND sensor head, which is mounted to the side 
panel of the payload compartment with an Al bracket also 
shown in gray. Inset A shows LND’s location on the payload 
panel (in pale blue) together with its NH3 thermal control 
system (TCS) indicated in red.


