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Radiation

Ionizing radiation
» Beta radiation ()

» Neutron radiation (n)
» Alpha radiation (o)

» Gamma radiation (Y)

N T » X-rays
v » Ultraviolet radiation

Energy threshold: 10 eV, ionize atoms
and molecules, and break chemical bonds.

AT

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

Wave-particle duality

E:h-v:lfz-z—7t
A

E: particle’s energy
h: Planck constant
v: frequency

A: wavelength
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https://www.idropnews.com/news/scary-petition-claims-airpods-emit-dangerous-radiation-but-is-it-true/98916/

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

lonising radiation - Protection Dose quantities in Sl units

Quantity

Sl unit or
modifier

Derivation

Meaning

Absorbed dose
D

L
DT i e
m

gray (Gy)

joule/ke

Radiationweighting
Factor - W}

Dimensionless factor

Energy absorbed by
irradiated sample of
matter - a physical
quantity.

Without discrimination
of the types of radiations
and irradiated tissues.

Equivalentdose
Hy

|
i Z(WRi )

sievert (Sv)

joule/kg

Biological effect of
radiation type R with
weighting factor W,

Multiple radiation types
require calculation for each,
which are then summated.

I is the total number
of radiation types.

Tissue weighting
factor - W

Dimensionless factor

Effective dose

Whale body dose to all
tissue

Organ dose to tissue T,

Organ dose to tissue T,

Organ dose to tissue T

sievert (Sv)

L i

nSlle/kg

Biological effect on tissue type T having
weighting factor W,

Partial irradiation

Effective dose =summation of organ doses
to those partsirradiated

Complete (uniform) irradiation

If whole body irradiated uniformly, the
weightings W summate to 1. Therefore,
Effective dose = Whole body Equivalent

d :
9% T is the total number

of tissues irradiated.

International System of Units (SI)




Radiation

Weighting factors for different organs |/,

Tissue weighting factors
Organs ICRP26 | ICRPG0 ICRP103
Radiation weighting factors Wy 1977 1990 2007
used to represent relative biological effectiveness ‘fi ﬂ% Gonads 0.25 020 0.08
according to ICRP report 103 YT B %E Redbonemarrow 012 012 0.2
Radiation | Energy (E) Wg (formerly Q élﬂj:% Colon _ 0.12 0.12
X-rays, gamma rays, 3 Lung 0.12 012 0.12
beta particles, muons Stomach — 0.12 0.12
1 Breasts 0.15 0.05 0.12
<1MeV |25+182-e %6In°® N
- f2ft  Bladder — 005|004
2 U AY

neutrons | 1-50MeV 50+ 17.0-e" /6/n" B FFRE  Liver — 005 004

1 faran _
> 50MeV |25 5 395 . o= V6 In? (004E) B | Oesophagus 005 004
Eﬁ;{j( 57? Thyroid 003 | 0.05 0.04
protons, charged pions | 2 Skin _ 0.01 0.01
alpha particles, Bone surface 0.03 0.01 0.01
nuclear fission products, | 20 ﬂﬁﬂ? Salivary glands — _ 0.01
heavy nuclei Brain — — 0.01
Remainder of body | 0.30 0.05 0.12

Total 1.00 1.00 1.00




Radiation

RELATIVE DOSES FROM RADIATION SOURCES

All doses from the National Council on Radiation Protection & Measurements, Report No. 160 (unless otherwise denoted)

millirems millisieverts
(mrem) (mSv)

1,000 10

Doses from Common Radiation
Sources, both natural and man-
made.

Whole body CT
(single procedure)

1,000 mrem Upper
10 mSv gastrointestinal
X-ray
(single procedure)

600 mrem
6 mSv

EiHE

Radon in average

Choose A Dose

©

1000 rem — | —
100rem — @ —

10 rem

T rem

0.1 rem
0.01 rem — —

0.001 rem

Orem

Example Of Exposure At This Dose

Select One:
10000 mSv

Average Annual Dose in the U.S. -
1000 mSy Text Version

Sources of Radiation Exposure
in the United Stat o
100 mSy in the Unite: afes p

Intemal 5%

| ) [_ Temesirial (Sail] 3%
b Cosmic (Space) 5%

Mmdem mode SDU[S:;‘: 50%] //' Raden and Thoron
s 37
1 O mSV Incustrial and Occupational .1%
Consumer Products 2*
Nuclear Medicine 12%
1 m SV Source: NCRP Report No, 160 (2009) - Full report is available on the NCRP website ot www.neroPublications.org
01me,  0.62rem [ 6.2 mSv
' Average dose per year for people in the U.S.13] from:
0.01 mSv * naturally occurring background radiation - 310 mrem
0 mSy * medical exposures - 300 mrem

* consumer products - 10 mrem

Credit: CDC Radiation Emergencies | Radiation Thermometer

U.S. home N I N é
(annual) X 7 6 EL =
700 7.50
228 mrem
228 mSv
Head CT
(single procedure)
(?qsmi_c radiation 500 mrem
Ilv_mg in Dgnver S e
(high elevation)
(annual)
500 5.0 Mammogram
(single procedure)
From ICRP 2007
Cosmic radiation
living at sea level 42 mrem
(low elevation) 0.42 mSv
(annual)
Radiation in
the body
(annual)
Terrestrial 250 2.5
radioactivity 29 mrem
(annual) 0.29 mSv
21 mrem
0.21 mSv
Chest X-ray
(single procedure)
Living near a
nuclear power
station
(annual)
0 0

<1 mrem
<0.01 mSv



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

Data Points

Credit: CDC Radiation Emergencies | Radiation Thermometer Text Version

Rem
(rem)

1000
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S0
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0.0035
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Millisievert

(mSw)

10,000

4,000

1,000

500

20

0.1

0.035
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DESCRIPTOR
Dose that results in death for 100% of those who receive it.l'] People who are close to the
site of a radiation emergency may be at risk for this dose.

Dose that results in death for 50% of those who receive it.l'l People who are close to the
site of a radiation emergency may be at risk for this dose.

Lowest dose that could cause acute radiation syndrome.[]

Dose for which risk of getting a fatal cancer increases from about 22% (average risk of
cancer in United States) to about 27%g derived from [2]

Dose that causes damage to blood cells.[57]

Recommended threshold for relocating people (if projected dose from radioactive
contamination is greater for the coming year, relocate).l®

Dose received during a typical CT (Computerized Tomography) scamn.[Z]

Average dose per year for people in the U.S5.2]1 from:

= naturally occurring background radiation — 3210 mrem
= medical exposures — 300 mrem

= consumer products — 10 mrem

Typical dose from a chest x-ray.[F]

Dose from high altitude solar and cosmic radiation during a flight from New York City to
Los P-.r‘lgE|E'S.deri""Ed from [9]

Typical dose from a dental x-ray (bitewing and full mouth surwvey).l5]



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

Radiation

Comparison of the surface radiation

Earth-Moon system environments on the Moon and the Earth
Celestial Earth Moon
body
» Dense atmosphere » Without a substantial
Surface .
B » Stable global dipole atmosphere
v magnetic field » Without global magnetic field

Ions of high atomic number and
energy (Cosmic rays and the
secondary particles produced by
their interactions with the lunar
surface)

Gamma rays and low-
Main radiation energy alpha particle
source (Radioactive elements in
our living environment)

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




, Credit: Physics Today 51(1):31-37 (199%)
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» 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).

Inner heliosphere: < 1 AU from the Sun

Heliosphere

deflected
interstellar ions

subsonic
solar wind

- supersonié-,
f solar wind7 ™,
interstellar 5 .__..
neutral 3
atoms S i i
Qi 5

deflected
interstellar ions

250AU 150|AU

Schematic drawing of the heliospheric interface
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https://www.researchgate.net/journal/Physics-Today-0031-9228

Primary Cosmic
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Muonic Cascade: Yopd »s
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o ==" T+ nucleus
Cosmic rays
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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/

Lander Rover Relay Satellite

Chang’E-4 mission and LND .. e susmor et ot o

» Launch time: December &, 2018

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

» Landing site: Von Karman 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)




Chang’E-4 mission and LND

Table 2 The CE-4 science objectives and corresponding instruments capabilities

Science objective

Science exploration tasks

Contributing instruments

Lander Rover Relay satellite
instruments instruments instrument
Low-frequency radio Detect the solar low frequency  Low- Netherlands-
astronomical radio radiation (0.1~40 MHz) Frequency China Low
observation Detect the low frequency radio  Radio frequency
radiation from other celestial Spectrometer Explorer
body in solar system and (LFRS) (NCLE)
galaxy (0.1~80 MHz)
Geomorphology, 3D imagery Landing The
mineral compositions,  In-situ analysis of chemical Camera Panoramic
shallow subsurface composition (element content (LCAM) Camera
structure of and near and distribution) Terrain (PCAM)
the landing area In-situ analysis of mineral Camera VIS-NIR
compositions (mineralogical (TCAM) Imaging
content and distribution) Spectrometer
Regolith thickness and shallow (VNIS) Sensor Head
subsurface structure Lunar
Penetrating
Radar (LPR)
Experimentally detect  Measure the electrically Lunar Advance
the lunar environment  neutral component, neutrons Lander Small
at far side of the and y-rays. Neutrons & Analyzer for
lunar, such as dosage Measure the fast neutron flux Dosimetry Neutrals
neutron, neutral atom and thermal neutrons flux (LND) (ASAN)

In-situ analysis of energy
neutral atom and cation

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

A stack of ten 500-pum-thick dual-segment
S1 solid-state detectors labeled A through J \

Telescope configuration

Electronic Box
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BBl x
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Gd/250pm ) e
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1
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|
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ABeld )

Credit: Space Sci. Rev. 216, 104 (2020)
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Chang’E-4 mission and LND

Reasons for lunar surface radiation Influencing factors of lunar radiation
environment study environment

» Safety concerns relating to exposure to space  » Lunar exosphere

radiation (Astronaut and instrument) > Dust orai
ust grains

» Manufacturing costs control due to severe

mass constraints in spaceflight » Lunar magnetic anomalies

» Solar wind reflected particles
» Local terrain obscuring

» Secondary particles produced by the
interactions between CRs and the nuclei of
lunar regolith




LET and dose rate measurements

SCIENCE ADVANCES | RESEARCH ARTICLE

PLANETARY SCIENCE

First measurements of the radiation dose
on the lunar surface

Shenyi Zhang'*>*, Robert F. Wimmer-Schweingruber'>#, Jia Yu®', Chi Wang', Qiang Fu®’,
Yongliao Zou', Yuegiang Sun'?*, Chungin Wang'?*, Donghui Hou"?34, Stephan |. Béttcher®,
Sdnke Burmeister®, Lars Seimetz>, Bjorn Schuster’, Violetta Knierim®, Guohong Shen'?4,

Bin Yuan'-**, Henning Lohf®, Jingnan Guo®%®, Zigong Xu®, Johan L. Freiherr von Forstner?®,
Shrinivasrao R. Kulkarni®, Haitao Xu', Changbin Xue', Jun Li', Zhe Zhang'®, He Zhang',
Thomas Berger'?, Daniel Matthi4'?, Christine E. Hellweg'?, Xufeng Hou'3, Jinbin Cao',

Zhen Chang'?*, Binquan Zhang"?*, Yuesong Chen’, Hao Geng', Zida Quan™**

® Research contents
» Measure the linear energy transfer spectrum on the lunar surface;

» Measure the dose rate on the lunar surface (charged + neutral particles).

Copyright© 2020

The Authors, some
rights reserved;
exclusive licensee
American Association
for the Advancement
of Science. No claim to
original LS. Govemnment
Works. Distributed
under a Creative
Commons Attribution
MonCommercial
License 4.0 (CC BY-NC).




LET and dose rate measurements

4 H H 1 1 ’ = Table 1. Summary of measurements of the radiation dose rate
107 F 3 3 measured in pGy/hour on the lunar surface. The errors of the
'; iz background dose rate from the RTG/RHUs (20) are considered systematic
- 3 ] ?:g_- 2 errors and have been added quadratically when reporting the final values
= 10° l! QE in the rightmost column.
.g ] Dose rate (nGy/ Measured Background Final in Si
E‘ 102 i = T hour)
NE 2 Total 184404 52+06 132407
U 1 3 ﬁ N .......................................................................................................................................
10" F 1 == Neutral A7EOT 17205 3105
i ] & Charged 137404 354038 102409
> 100} 1 3
= 1 & ol 2 M| _ n 1 » Consistent with that measured by
g 107} 1 G2V it | st WA et
= b 5ol {1 LRO/CRaTER (10.0 uGy/hour) for
@ | | 1
8 : el [ {11 ] e oo ... .. charged particles
-g 10 -§-Yutu-2 rover on top of Lander 1 y ; 1500° g p . .
& [ |4+ Without rover, lid closed ] &% 0 1 » Contribution from neutral particles
Q- 4073k [¥Lid open 4 St - 4 4\0
E |-4-Heating circuit on £ 2 o0 BN arc non-neghglble (23 - 4) %0
TR T e I 4 o1 » GCRequivalent dose rate:
10™ 107 10 10 10 10 & o o & B Aok 8 s o & & o
FEE SIS N{b&&&,&‘,@,&,&,ﬁ,@,& _|_
LET in water (kEVfuI'H) NN Qu'r?:nfg) (m:mhef d;:mfmmo:tms d I Fd (571 < 106) },lSV/houI‘

Average quality factor: <Q>=4.310.7




Low-energy cosmic ray measurements

SCIENCE ADVANCES | RESEARCH ARTICLE

SPACE SCIENCES Copyright © 2022
The Authors, some
First measurements of low-energy cosmic rays rahseseved
on the surface of the lunar farside from Ametan Asocilion
Chang’E'4 miSSion of Science. No claim to

original U.5. Government
Works. Distributed
under a Creative

Cararaane Atribadine

Pengwei Luo', Xiaoping Zhang'%*, Shuai Fu'?, Yong Li"?, Cunhui Li, Jinbin Cao*

® 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 “He;

» Verify the dawn-dusk symmetry of the CR energy spectrum on the lunar surface.




Low-energy cosmic ray measurements
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[llustration 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 CREME models.



Low-energy cosmic ray measurements
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CR flux ratios of the CE-4/LND measurements to the
in situ measurements made at 1 AU and to the CREME
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Similar to the figure on the left, but are
averaged over the energies of each group.




Low-energy cosmic r
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The ratios of the observed CR fluxes in the lunar
local morning to those in the lunar local afternoon.

The CR energy spectra of He and “He
and the ratios of *He to “He.




Low-energy cosmic ray measurements

® 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 He to “‘He, and
dawn-dusk symmetry of the CR energy spectrum verification)




Thank you for your attention!
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The Convection Zone

Energy continues o move toward the surface

through convection currents of heated and
cooled gas in the convection zona.

2 Iy re

The Radiative Zone «
Energy moves slowly outward—taking
miore than 170,000 years to radiate through
the layer of the Sun known as the radiative
zone.

poronal Streamers

The outwand-flowing plasma of the corona

is shaped by magnetic field lines into tapered
forms called coronal sireamers, which exdend
millions of miles info space.

The Corona

The ionized elements within the corona glow in
the x-ray and extreme ufiraviolet wavelengths.
NASA instruments can image the Sun's corona at
these higher energies since the photosphere is
quite dim in these wavelengths.

Sun’s Core.

Energy is penerated by thermonuciear reactions
creating exireme temperatures deep within the
Sun's core.

The Chromosphere

The relatively thin layer of the Sun called the
chromosphere is sculpted by magnetic field lines
ihat resirain the electrically charged solar plasma.
Decasionally larger plasma features—called
prominences—iorm and exiend far into the very
tenuous and hot corona, sometimes ejecting
material away from the Sun.

Credit: Anatomy of the Sun [ NASA



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

LET and absorbed dose rate measurement
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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.




