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SFUAM (Space Radiation)

S=I)|E SAS
(GCR; Galactic Cosmic Ray)
2 & X (85.5%), & & (~12%),
& Xt2%), = & At (~1%)
Ss2H HdE ZX (>1GeV)

L B D& 2ALL

(SCR; Solar cosmic Ray)
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= Manned Mission to Moon or Mars

The European Space Agency's version of a permanent Artist's impression of geologists at work on the surface of Mars. Getting
lunar base. PHOTO COURTESY: ESA to Mars carries a significant radiation risk. Photograph: Nasa
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= ALARA Principles For Reducing Radiation Exposure

- “As Low As Reasonably Achievable.”
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Space Radiation and LET Measurerr!

Space radiation field is much different from ground.

Site diameter - |
= Cell nucleus : 2um dia. ]
= Chromatin fiber : 30nm dia. g A0y
= DNA': 2nm dia. ~
7:%.[_()41'_1‘
/ '\‘\'/'v-' =
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SXEX2 g
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LET: Linear Energy Transf%\rxig_;{-o
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® Launch 1998~2012
® Altitude : 278 ~ 460 km

® Inclination : 51.6 degrees

® Travel 15.7 orbits per day
® Mass : 450 ton

® Dimension : 51 x 109 x 20 m3

® Resident crews : ~ 6

Complex & dynamic Radiation Field

Galactic Cosmic Ray (GCR)

*Proton (85.5%), He (~12%), e~ (2%), heavier nuclei (~1%)
*Originate from Galaxy

sIsotropic radiation field (> 1 GeV)

Solar cosmic Ray (SCR)

*Generally associated with Corona Mass Ejections from
Sun

*Medium to high energy protons
(~ hundreds MeV)
Earth’s belt radiation
*Captured P and e by Erath magnetic field
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0.2 ~ 1000 keV/pm

LET 539
0.1 ~ 2000 keV/pm

Fig. 2. Left: the TEPC housing for electric shielding. Right: the
TEPC vacuum housing
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-
Tissue Equivalent Proportional T

F_

Gas Inlet ﬂ [\ ® ROSSi (1960)
« Tissue Equivalent Proportional
\_ Counter
Helix
Anode
1 . Mlcro dosimetry
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17&1/;1« Density

Wall

Surrounding Tissue

Microscopic
Tissue Volume

Gas Cavity

—— Scaled Density

- o AT _ AX, AT
&= mamce "M T AX, M

74,67
...'. Other

[ 100,00
P oz 125 55 [rs] |1

17,00

O
|
|

A-150, Tissue Equivalent Plastic

Muscle-equivalent plastic A-150 mm-
o [wusc valnigas,propans based | 103 [ 559 | 35 [203] — | -
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TEPCE X{& S M XE|F

« 22 2E=2 W2 W XI(0.2~1000keV/um O &
o MA&E < 3Watt
« A3 < 2 kg (Battery L&)

TEPC ‘ HIGH GAIN (0.2 ~ 20 keV/um) \ FPGA
Buffer | | Gan | | Pre | | ADC
amp amp filter 80MHz
Digital

: LOW GAIN ( 2 ~ 440 keV/um) ! Pulse

But i . ADC Processor
uffer ain re

amp amp filter 80MHz RS232

preamp
HV I DAC B |
supply Controller

Sensor

+6V, -6V, +3.3V
A +7.4V +28V

BATT D

0.34 A

Panasonic NCR4N18650B8-2R-PCM (7.4V 13.4Ah)
27.6 hr @70%
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« SATURATION
COUNTER |+ VALID
SELECTION LOGIC .
Th
TRG & RISE Pile-up
» TIMNG |— TIME Rejection
FILTER
Saturaiton TRIGGER
Nsbl
ADC(14bit) ] l
K m M ftd Nspk
l l l | BASELINE ’ l
MEAN | ENERGY
| TRAPEZOIDAL SUB ~ PEAK L
FILTER MEAN
ftd = Flat Top Delay Nspk = Peak mean

(ballistic deficit) /" M= Time Constant

(PZ cancellation)

/
/

K = Shaping Time

FEsssEEETT

TRAPEZOCID

_________JY\\
Nsbl = Baseline Mean M = Flat Top
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yd(y)
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=1 d=2
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Internal

Calibration

External

Calibration

0.010

Low LET

KRISS experiment:
Neutron Cf-252

0.006 -

0.002 - !

.
0.000 —H"J
0.1

= H

- Am-241 alpha

KORASOL: Cs-137

KOMAC experiment: -
Proton 100MeV

yd(y)

!
1 10
Lineal Energy (keV/um)
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D60 750V TH8

—=—BF0
—-—BF5
—+—BF6

1 10 100 1000
Linel Energy (keV/um)

HIMAC
Experiment:
(Heavy lons)

- 150 MeV/u He
- 400 MeV/u C
- 490 MeV Si

- 500 MeV/u Fe




Typical LET spectrum for Cs-137

Typical LET spectrum for Cf-252

(gamma) (neutron)
0.35 .
—  experiment, TH4
— simulation 0.6 . :
030k N = D30 simulation
‘ —=— D60 measurement
=  SW2 measurement
0.4 1
020
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= =
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Calibration Source

(1) High LET : Cf-252 neutron source at KRISS

= Energy channel calibration : 10~1000 keV/mm
(2) Low LET : Cs-137 662keV Gamma source ar Korasol
= Energy channel calibration : 0.15~10 keV/mm
(3) HIMAC (Heavy lon Medical Accelerator), NIRS (JAPAN )

= Heavy lon source High LET Linearity
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K1

LET spectra for Heavy lons in HIMAC‘
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yd(y)

—»—He 150 MeV/u
—e— Si 490 MeV/u
—+—Fe 500 MeV/u
—=—C 400 MeV/u

1 10 100 1000
Linel Energy (keV/um)



LET Linearity/Stability

@) —2015.12.7
KRISS
2.54 MeV n

@0)—2016.1.7
HIMAC
C 400 MeV/u

®)—2016.2.4
HIMAC
Si 490 MeV/u

®)—2016.2.15
HIMAC
He 150 MeV/u

®—2016.2.18
HIMAC
Fe 500 MeV/u
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300

. HIMAC

o KRISS
Fe 500 MeV/u

Cf-252 2.54 MeV n

Si 490 MeV/u

Equation y=a+b*x
Adj. R-Square 1
Value Standard Error
C 400 MeV/u Linear Fit of B ' Intercept -0.82133 2.75049E-15
He 150 MeV/u Linear Fitof B Slope 1.97859  4.31479E-17
I L I L 1 L
Channel
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= Range : 0.2~1000 keV/um
= Omni-Direction
= Site diameter : 2 um
= #H=7| m2iolg
- X§& : A-150 plastic (T|ES7} S2!),
- &M : Smm
- LA : 30 mm
= HAEIIA 1100 % =2
= JIA5IRE  ¢R0|FE, 1mm FH
= 27 : 494 g (MEXz2|F EE)
= Z2:0.3A@8V(2.4W)
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2000 4000 6000 8000 10000 12000 14000

Altitude [km]

Sun-Synchronous

g‘l;i;‘)’“ Omit  Altitude: 750 km

Inclination: 98 degree
Life Time 3 month

Primary: TEPC
ST Secondary: MAG

: TEPC: 700 g

Payload Weight MAG: 50 g

Range: 0.2 ~ 300 keV/um
UHEHC =S LET Resolution: 23.5% @5.4 MeV

: C+

MAG Spec. Range: 65536 nT

Resolution: 1 nT
Satellite Weight 3,600 g (3 Unit)

Satellite
Generation Power

3,771 mW



Delivery and Integration for i.auhb.h L

- 2016. 4. 12, 20, Fit check & Door lock at ISL(Inter-Satellite

Links, Netherland)
- 2016. 9. 1, Falcon-9/SpaceX > satellite destroyed in explosion

?

« 2017. ? : Launch Date > =

Following preparatory activities, including a team{s) meeting. a

clean-room briefing and equipment-cleaning, the KHUSAT-3

earn entered ISL's cleanroom on Monday 11 April 2016,
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=EE M= ShALE B & Dose Conversion GCR model
QAE
AVIDOS 1.0 FLUKA ICRP 60, Pelliccioni Gaisser et al
c| Ot
LUIN99/LUIN200 Below 10 GeV (Garcia-Munoz, 1975),
CARI-6M 0] = ICRP 60, Pelliccioni abovel0 GeV (Peters, 1958) normaliz
0 ed to 10.6 GeV (Gaisser, 1998)
EPCARD =2 FLUKA ICRP 60, Pelliccioni (Badhwar, 2000)
@AE  PLOTINUS (LUIN Below 10 GeV (Garcia-Munoz, 1975),
IASON-FREE ICRP 60, Pelliccioni abovel0 GeV (Peters, 1958) normaliz
clOF ) ed to 10.6 GeV (Gaisser, 1998)
JISCARD EX 2=  PHITS ICRP 60, Pelliccioni (Nymmik, 1992)
Experimental dat , )
PCAIRE IHLHCH Not applied Not applied
a
PLANETOCOSMICS 2.0 ciAlOF GEANT4 ICRP 60, Pelliccioni (Gleeson, 1968; Garcia-Munoz, 1975)
QARM 1.0 A= MCNPX ICRP 60, Pelliccioni (Badhwar, 2000)
SIEVERT 1.0 IztA  EPCARD version ICRP 60, Pelliccioni (Badhwar, 2000)

EDCAR (Equivalent Dose

o
I

GEANT4 TEPC model (Badhwar, 2014)
Calculator for Aviation route)
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SFUAIM |4t FE JE - EDCAR

(Equivalent Dose Calculator for Aviation route)

GCR: Badhwar O'neill model @ 100 km
- Multi directional GCR
- Simulate 2.7M proton and alpha

30000 m particle

Secondary

cosmic rays g Atmosphere: NRLMSISE-00 model

Interaction: GEANT-4 code
Vp /
20000 m L

Calculate Ambient Dose Equivalent with
TEPC model

10000 m " Calculate LET Spectra
|
Freq. Probability density; f(y)
l
Dose-mean lineal energy; Vo= f)‘d(,\')d.\’
[ =
1 Absorbed Dose ; D=2«"D_X‘V

m
l

1 Equivalent Dose(ICRP 60); H,,...=DQ
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Flight Dose profile ICN-IAD (2016.9.2‘0);.

30

25

N
o

Absorbed (uGy/h)
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(Incheon-Washington)
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ICN-SFO (2017. 1.20)

Average : 3.02 £ 3.69 uSv/h
Total : 26.46 uSv/h
Total Flight : 8.75 hr

36
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LAX-ICN (2017. 1.26)

e ., . 1Average:6.15+ 27.5uSv/h
+ 1 Total Dose: 74.9 uSv/h
" Total Flight : 12 hr
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Geomagnetic Cutoff Rigidity

Geomagnetic Cutoff Rigidity for 2017-05-15 23:00 GMT
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* NASA continuing to support
microdosimeter projects to find solution for

Exploration missions

ELHOHH S Ao SF/E A0 CHet 72| M
- SFUAMM HAFFESE MAFL =E2= Z200] 7]04.
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Cosmic Rays
Lofted Dust

MagneficNg
Anomaly

Lofted Dust

Meteoritic Flux




