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| Motivation |
To present the developed Liulin personal devices and to compare their
dimensions with the propos_ed EuCPAD;

To compare the Liulin space' and aircraft radiation data with data from
other instruments and codes;

‘To review the existing Liulin dose interpretation and radiation sources
separation procedures;
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Presentation of the developed Liulin personal devices

Comparison with the proposed EuUCPAD
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Integrated Block - diagram of the Liulin type devices
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The usage of fasti2ibit ADCallows Eililin/ devices toranalyzegeach eventinithe detecton.and to
build andistore;the'energy deposition spectrumifer each:measurement:cyclexThe form of the
spectrum characterize'the predominant radiation source as Inner-Radiation:Belt (IRB (SAA))

- _protons, Outer Rad:. Belt (ORB) electrons and Galactic- Cosmici-Rays (GCR)
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History of the Liulin personal devices 1

Name (year of Use Dimensions Volume Mass Battery  Active
development) (years) - (mm) (ml) (9) type - time
(days)

LIULIN Mir Space  160x100x40 640 490 4 2
Detector & Station ~ AA size
Control unit  (1988-1994) ' - :
(1988) | primary

Liulin-E094 ISS (2001) & %

| 4 MDU units [ S 2

detectors) &

‘Control unit
(1998

&in use on IS
J_J~vv rr-ﬁllr,;,,,
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. | History of the Liulin personal devices 2

Name (year of Use Dimensions. Volume Mass Battery  Active
development) . (years) . (mm) (ml) {¢)] type. time
' (GEVS))

Liilin-4SA Aircraft 160x100x40 640 490 External 2
Detector & (2005-till now) 12V
GPS unit & . ; E accum.
display ' '
(2005)

Liulin-6G Aircraft 120x40x2

(2008-ti
(2008)
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Rl Comparison of absorbed dose data obtained by Liulin MDUs and ===
NASA TEPC at ISS in 2001*

ISS
11 May 2001
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IV!DU#?l SD ‘
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UT (HH:MM:SS)

N

_*Dachev, T., Atwell, W I_Semones, E..; Tomoyv, B.; Reddell, ISS Observations of SAA
radiation distribution b¥ Aulin=E094 instrument onfISS, Adv-"Space Res., V.37, 1672-
' __:-,31"' 1677,:2006.
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Comparison of simulated results using HZETRN and Liulin
MDUs and TEPC on ISS in 2001*

e Liulin MDU 1

10 Liulin MDU 2

i N Liulin MDU 3

i . Liulin MDU 4
TEPC

Dose in Silicon (pGy/hour)

10 15
Cutoff Rigidity (GV)

Comparison of simulatediresults using. ~_~ Average errors between HZETRNIand
HZETRN a“jl:'i‘""'MDm measured data “the-Liulin and TEPC detectors. The error bars:
Sl B R o July 5, 2001 00 0] iy July g represent the 95% confidencelinterval.on the:
2001 9:00 pm* ; .-
2 : ‘sample ' mean :
4I.C.Slaba;'S:R. .BlattnigiEEEg8adayii et al., Statistical Validation-of HZETRN"3% a Function: of

Gutoff:Rigidity using'lSS Meeﬁ;(ements, Paper presented at. COSPAR2010.
N 15th WRMISS, Roma, September 7-9, 20100 9
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Liulin-4SN comparisons with TEPC data during aircraft
experiments performed by Royal College, Canada*

A LIULIN
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*BEnnet, LG} f8wis, BJ.; Kitching, F.;.Green, A'R.; Butler A An Erhpir'ibal Approach

to,the.Measurementof the Cosmic Radiation"Field at Jet-Aircraft Altitudes; COSPARO4-
2 A-011355FPresented at 35th COSPAR Asslembly, Paris:July-2004:
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sage Comparison of absorbed doses by different dosimeters as
calculated by P. Beck*

Comparison of Absorbed Dose for all Dosimeters

1.000.000
1SS ISS ISS
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100.000 5
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free in air i
phantom front -
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free in air -
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phantom back -
free in air J
phantom front -
phantom back -
free in air ]
phantom front -
phantom back -

*Beck; PsiModeling Microdosimetric Spectra of-Absorbed Dose:and Dose: Equivalent dueto'Exposure
of Tissue.and: Silicon at.Internabivnal Space Station (EuCPADs), . 14th WRMISS#Werkshop.on Radiation
Monito_ring for the International@p?ce Station, Dublin,:8-10rSeptember:2009.
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e Comparison of absorbed doses by different dosimeters as
calculated by P. Beck, et al, 2009.*

A I TEE SERHNOLGEYTUTE

Comparison of Dose Equivalent for all Dosimeters
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*Beck; B.tet al., Modeling” Microdosimetric Spectra of Absorbed "Dose- and. Dose; ‘Equivalent due  to
Exposure.of Tissue and Silicon at International Space:Station (EuCPADS); 14th"WRMISS Workshop, on
Radiation Monitoring for thedhiemdiational’Space Station; Dublin, 8-10:September=2009.
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Ed Comparison of the spectra obtained during the calibrations at Chiba,
Japan (February, 2002) with 400 MeV/u Carbon ions by the 4 MDUs of
Liulin-E094 and DOSTEL-1 instrument build by Kiel University,
Germany*

*Burmeister, S:; R Beauj;an F. Petersé'n G.'Reitz, Poest*Flight Calibration:of DOSTEL with
Heavyilons During the Eirst and. Third IGCHIBAN Run at HIMAC: Chiba;éth - WRMISS; LBNL,
Berkeley, USA; 355 Septemﬁer 2003

New results... . 15th WRMISS, Roma, September 7-9, 2010 = 13
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Comparison of spectra and calculated LET as published
by Uchihori et al, 2002*

Comparison for Carbon Run

ICCHIBAN-1, Carbon 400MeV/u

0 degree

]
==ISS-TEPC
— RRMD-III

Liulin-47 No Absorber
——DOSTEL :

—IV-CPDS Comparison Table (C400, Odeg, Centel‘)

Avg. LET Avg v, Avg.y, Quality Factor

Center

e
=

Arbitral Unit

e
=

(keV/um- I,0) | (keV/um- H,0) | (keV/um- H,0) (ICRP-60)

RRMD-IIT 10.6 1.26
DOSTEL-2 10.7 1.6
DOSTEL-D (10.7) 1.7
IV-CPDS NR.
ISS-TEPC 2.39
Liulin-4J (9.8) 10.8 (1.29)1.32
Calculation 109 (1.29)

*Uchilori, Y, K Eujitaka, N&-Yasuda, E. Benton, Comi’oarison of.Results from:the 1stiICCHIBAN
Experiments and Current Status' of the 3rdICCHIBAN. Experiment; 8th: Workshiop: on Radiation

Monitoringl for the Antermational. Space Station, Lawrence Berkeley: -National“L_aboratory (LBNL),
Berkeley, CA, USA, 3-5.Septefilser 2003.
New results... N
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Conclusions made by Uchihori et all, 2008*

6. Conclusions

Most of the heavy ion beams used in the ICCHIBAN-3 experiment possessed average LET values that
fell above the range of LET to which the Liulin-4J] MDU is sensitive. The one exception was 40{
MeV/u neon at an incident angle of 0°. However, we demonstrated that the MDU can measure lower

LET ions and particles from ‘Fragment experiments’ despite the fact that the instrument is both simple

and small. In the space radiation environment, the majority of radiation fluence consists of protons and

helium 10ns. The Luilin-4] MDU has the capability to measure radiation dose from these light ions and

can be used as a personal dosimeter by astronauts and cosmonauts,

e e -
*Uchihori,ZY., H. Kitamura, :N. Yasuda H. Kentaro, Ks ¥ajima, Ts.:P. DacheV, Chapter 7: L|uI|n-4J
portables S|I|con Spectrometer Results. of the ICCHIBAN:3*8ndsICCHIBANS Experiments® to
Inlercompare ther Response of:Space Radiation; Dosimeters,-HIMAC-128,*NIRS, Japan pp 76-88;
March; 2006t -
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1) Absorbed Dose in Si is calculated as:
, Where
— mass of the detector;

— amplitude in volts of pulses in
channel “i”’;

— events number in the channel i;
— coefficient based on W, in Si

2) Apparent dose equivalent Happ
(Ambient dose equivalent - H*(10)) is

calculated as: =

D(Si) above ~4MeV (Dpign) neutron like
_compopent

- D(Si) below ~1 MeV - (D,,,, ) non-neutron
component

Coefficients — established in CERF fields and/or
~on the base of comparison with TEPC results. All
aircraft spectra (more than 6000 hours; ~ 30 mSv)
summed up and regressed to get as good
statistical reliability to distinguish neutron and
_GCR contribution - for energy deposmon spectra

above ~ 1 MeV :fﬂ
New: results... -
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Spurny’s apparent dose equivalent' interpretation procedure

GCR Supposed that: | Interpretation:
Edep bellow ~ 1 MeV low LET component Low LET component: (Si)—D(tissue)—"H*(10)”;

- Egpabove ~ 1 MeV hl?h LET componentEL%Z:EIT;:C'::#W" like component: as
composed of: neutron like component, _ _
with similar spectra as onboard aircraft, GCR component: D(Si)x5—D(tissue)=“H*(10)";

“and
contribution of HECP . of GCR

256

Hger *(10) = K{Zlk A +52Ik A}/ MD

i=15

0=0; ch21=0

Irrigrargezitions
o o , ; D(Si)—D(tissue), and
SV NSUpposediall’'events from protons p(tissue.0 %ﬂ, culate
T distribution:spe '
= SAK Se
Ch20>0; Ci

--.- Tem
e i |

2 & ".'n —

A —Interpretation:.
SO0 tion Belt SUPPEEEd JJ.“UJD (S J)JJ—/Jﬁrhou):"
SONTEIEE 1'0 i : o 'x QF.

*(10) = K{1Z ik, A +1Z ik;A}/MD &

i=15




Deposited dose per channel (uGy/h); (uSv/h)

New results...

IRB (SAA) spectra transformation at different H*(10)
calculation procedures

ISS, R3DE
21.10.2008-24.02.2009

D=1150 uGy/h;
H*(10)=1494 .Sv/h (D*1.3)
H*(10)=1560 uSv/h (LET)
H*(10)=1686 uSv/h (LET(PHITS)) ]I

.

0.2

2.0
Deposited energy (MeV)

Dose | Koeff. [H*(10)] Q
uGy/h uSv/h
Spurny | 1150 1.3 [ 1496 | 1.3
LET 1150 |Variable| 1560 | 1.36
(simple) :
LET 1150 |Variable| 1686 | 1.47
(PHITS)
_|DOSTEL 1.2
1 (aver.)
Liulin-5 1.2-1.4
(aver.) _ 1
TEPC 1 1.8
(aver.) = :
.

15th WRMISS, Roma, September /-9, 2010 = 19

i



&4 GCR spectra transformation at different H*(10) calculation

procedures

ISS, R3DE
21.02.2008-29.06.2009
Global GCR data

T INCS NN
L W

_---Illll_--. >
e e

--IIIIIII--IIL .,
— D=3.69 uGy/h
H*(10)=9.69 uSv/h (Spurny)
H*(10)=11.1 uSv/h (3 levels)

H*(10)=4.96 uSv/h (LET)
H*(10)=5.41 uSvih (LET(PHITS)) II
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0.2 2.0

Deposited energy (MeV)

New results...

Dose [Coefficie| H*(10) Q
uGy/h| nts uSv/h

Spurny | 3.69 | 1&5 9.69 | 2.62
3 levels 1&3.228& 11.1 3.0

| 122
LET | 3.69 (Variable| 4.96 | 1.34

(simple)

LET | 3.69 |Variable| 5.41 1.47

H(PHITS)

DOSTEL 3,4*
(aver.) -1
Liulin-5 2.6-4.0]
(aver.) i
TEPC R
(aver.) :

*Reitzetal., RPD; 2005; &
2 .

15th WRMISS, Roma, September 7-9; 2010
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AI I &EsrTRAN NSTITUTE
NOLOGY

Convert Absorbed Dose in Liulin (Si) into Liulin (Tissue)

ratio dE/dx

General geometry, ISS protons:

j dE-@(E)-LET
— 7=

410 = 1 55
jdE -p(E)-LET _

H

praton,

=585 uSvd!

L.z
1LE03 1ED2  1ED] TEM0 1EA1 1EAD  1E03 1ED4
Proton Energy (MeV)

dE/dx ratlo of TEPC: H, 1., = 490 uSv d-'
[ Hame

y i iglin (Si —> Tissue)
L ZS‘*F’C Specific geometry (Liulin), ISS protons:

Dy..o!/ D= 1.29

tissue

H. ...= 420 pSv d-'

proton

000 4 | - v M |
001 0.1 1 10 100 1000 10000
lineal energy (keV/pm)

Incident proton isotropic irradiation, outside ISS, solar maximum, 400km

WRMISS 14th, Dublin, September 8-10, 2009 44

*Beck; B.tet al., Modeling” Microdosimetric Spectra of Absorbed "Dose- and. Dose; ‘Equivalent due  to
Exposure.of Tissue and Silicon at International Space:Station (EuCPADS); 14th"WRMISS Workshop, on
Radiation Monitoring forthe Intgﬁnatlonal Space Station, Dublin, 8-10rSeptember-2009:

New results... T . 15th WRMISS, Roma, September 7-9, 2010
,
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AITSP?EEH‘J‘D'L“D%TJT“TE

Dose Equivalent Distribution, Liulin Detector corrected for Tissue

_«Liulin Silicon Pl il Fulin Silicon
1| —=—Liulin Si-—> A150 0,30 +— —=—Liulin Si —> Tissue

—— NASA tepc ! ——NASA tepc
= Liulin Tissue

1000 10000 : " 1 ) 10000
lineal energy (keViym) linaal anargy [kakipm}

General geometry, ISS protons: 1.55 Specific geometry (Liulin), ISS proton

WRMISS 14th, Dublin, September 8-10, 2009
*Beck; B.tet al., Modeling” Microdosimetric Spectra of Absorbed "Dose- and. Dose; ‘Equivalent due  to

Exposure.of Tissue and Silicon at International Space:Station (EuCPADS); 14th"WRMISS Workshop, on
Radiation Monitoring for thedhiemdiational’Space Station; Dublin, 8-10:September=2009.

New results... s . 15th WRMISS, Roma, September 7-9, 2010 = 22
,




L BAE
sl

on of the Liulin apparen

obtained at 1SS with TEPC aata

— -
'.-:-_'ul:.:-' foE=a : ‘_:-. Sl
b — -
:‘-_:l'l" ] i__':ln-,., _ i ;I.'_;—‘
L 'L;.—.a:.r'-c- i T i Sl b ;
o e e e e,
-.- - i -
=
B - T
5 =
- - A . e
1A T ‘-*.5' T
s
® i
1o SRR T - T M
s - % ; x ™
s =L 1 -
. e S %
. -
= - ;l' a = 3
I.. < - ¥
= -

— i

(©®

15th WRMISS, Roma, September 7-9; 2010 ~ 23



.Comparison between NASA TEPC and MDU doses.
H*(10) MDU doses are calculated as shown on next slide

| | | |
Liulin Dose (uGy/h) ISS, 11 May 2001

TEPC Dose (uGy/h)
TEPC Dose (uSv/h)

Mean Liulin H*(10) Dose (uSv/h)
Mean TEPC Dose (uSv/h)

L value

-
=
-

*
o

A |

19:00 20:00
UT (HH:MM)

TR T
b > . =y




Tabulat_ed results from previous slide

Liulin MDU#4 Equator (GCR) (%) 47 53
Phantom TORSO NASA TEPC (GCR) (%) 29 71
Liulin MDU#4 L~3 (GCR) (%) 29 71
Phantom TORSO NASA TEPC (GCR) (%) 29 71

- Liulin MDU#4 SAA (Trapped) (%) 61 39 s

Phantom TORSO NASA TEPC (Trapped) (°/o) 71 29

,,I': =
"f%_vfrmn the comparlsofriél?e oTo‘talned '
esults for GCR c‘;bmponeat in equatorla‘l' reg

1*1 Irapped radiati cpm rléﬁn is rejauval'y'g : 1-!" ?
gt Ldt o s




Dose, Htot (uGy/h); (uSv/h)

New results...

Comparison of data with the NASA TEPC

inside of US Lab module in 2008

+—+—— R3DE Dose
+ + + R3DE Htot
Dose Running average
Htot Running average
TEPC Dose
® ® o TEPCEgDose
- TEPC EgDose Running average

15:21:36 16:19:12 17:16:48
Universal Time 12/03/2008

el
LEE

TEPC GCR doses are higher
than R3DE doses because the
smaller sensitivity of the TEPC

TEPC SAA'doses are lower
than R3DE doses because of .
larger shielding of TEPC

Furthersimprovementof the
calculationrprocedure is::
needed ==

Authors thanks:to Dr. E.
Semones for the TEPC data™

15th WRMISS, Roma, September 7-9, 2010 = 26
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Liulin radiation sources separation procedures applicable

n the battery operated devices
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Separation of the space radiation sources by the form of
the Liulin deposited energy spectrum*®

R3DE; ISS, ORB; D=257
R3DE; ISS; SAA; D=255
R3DE; ISS; GCR; D=11.4
MDU-5; Aircraft; D=1.96
Liulin-6S; Jungfrau; D=0.16

—
L
~
>
O)
=
N
(]
b
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14
(<b)
/2]
o
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c
c
©
L
(&)
S
(]
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©
Q
=
(/2]
o]
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(3]
(]

Deposﬂed energy (MeV)

*Dachey, Ts::P.; Charactelization: of near”Earth radiation environment by Eiulin type

instruments, Adv Space Ré‘s 1441-1449, 2009; doi:10.1016/j.asr.2009:08.007
New results... 15th WRMISS, Roma, September 7-9; 2010
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New results...

Comparison of Chandrajaan-1 RADOM spectra with

ISS - R3DE spectra

RADOM, IRB
RADOM, ORB
R3DE, ORB
R3DE, IRB
RADOM, GCR
R3DE, GCR

The shape of spectra obtained
by RADOM are same as spectra

obtained by R3DE at Int. Space Station

The RADOM proton radiation belt (IRB)
spectrum is with same shape as R3DE
spectrum but at about 1.5 order of
maghnitude higher because higher flux
and respectively dose

The RADONelectronradiationbelt

(ORB) spectrumisiwith Same shapesas
R3DEspectrum but about 4 time

highenlowerbecause higherdose: -

ThetRADON ‘galactic. cosmiG.irays

(GCR) spectrum practically overlap:the

REDESpectrumj because of same flux

and respectively doses

15th WRMISS, Roma, September 7-9; 2010 = 29
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Averaged IRB spectra obtained by RADOM instrument on
22nd of October 2008 between 19:55 and 20:55 UT
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IsEs., EXPOSE. R2DE Iss, EXPOSE. R2DE
01/04/2008 10/04/2008

01/05/2008 10v0EF 2008
00:00:09 23:59:54 00:00:06 23:59:56

1-10 jApriI 1‘008 1-10 June[ 2008

L

Dose Rate { uGy/h)

Dose Rate ( uGy/h)

. EXPOSE. R3DE 1" . EXPOSE. R3DE
23/12/2008 20/12/2008 11/06/2009 20/06/2009
05:00:02 05:59:56

00:00:00 23:59:56

23-30 December 2008 | 11-20 June 2009

]
o
o

o
o

o

Dose Rate ( uGy/h)
Dose Rate ( uGy/h)

® With,the decay of solar activity'in 200-2009'the number of-ORBleVents decrease;
® The increase in SAA dbse rates in 200-2009'is result of ISS altitude increase;
2:Global GCR visually'donit.chenge.~Smallraverageincrease fromis.7 to:3i9 mGy/hris observed.
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Spectra shapes obtained by Liulin type instruments during
calibrations and on aircraft and spacecraft

¥~/ Electrons (37600 uGyh")

A—A Protons (36800 uGyh-)

— Protons (27500 uGyh-1)

O O CERF (4.2 uGyh*)

— ISS, GCR (3.71 uGyh")

V=< Aircraft (2.0 uGyh")

+—+ AmBe (1.0 uGyh)
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Y Meth_ods for sources separation inside of the Intelligent
personal dosimeter

Separation by the count rate in dlfferent channels as follows:

K Relativistic electrons in ORB can be separated easy by observation of high
count rate in first 2-3 channels (Ch2>20);
IRB (SAA) protons can be separated by relative high rate in all first 30
channels (Ch20,21>0); :
GCR can be separated by observation of low count rate in first 2-3 channels
(Ch2<20);

hese values can be change

mission.
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Intelligent Crew Personal Dosimeter
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L - : - Liulin-6G specifications

Size: 120x40x20 mm-
Mass: 110 grams
Volume: 96 mli

Detector: 2cm?, 0.3 mm
LET Si: 0.1164- 29.8 keV/n
LET H,O: 0.1443- 36.9 keV/n
Dose: 0.093 nGy — 1.56 mGy
Dose rate: 2.8. 10'9 "0.19 Gy/h
Eluxirange: : -
mer uuw ’/J'J(‘ - +40°C

Second JW ‘,_:H *ITLua;Jgg{{ﬂ:f
d ;_}J‘j \ccumulated Sl
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Advantages and disadvantages of the 1 and 2 detectors

telescope design

Mnce detector

L

Proposed-by AMPTEK block-sehemas of one

and; two detectoritelescope; sﬁiem
New: results...

1 Detector 2 Detectors
Disadvantage Disadvantage
LET spectrum & No
Dose equivalent Apparent
Power consumption | >14 mA
from 8 V DC
Volume e [ V.>100 ml
Time of__c_)p_eration e ¢ < Z days.
=i —Cost More
+HV BIAS 20 ns riég‘iime 2ns rise time1 -?IJL::::PIN(? o ma
i

STACKED

.
BASELINE RESTORER
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Preliminary block-diagram of the Intelligent Crew Personal

Dosimeter and specifications wit 1 and 2 ranges ADC

adiation

R

Silicon Detector
2cm?, 0.3 mm

Charge sensitive Discriminator
preamplifier
Analog to digital

converter

Alert signal
USE control

Master
micro-
controller |-~ -

Slave
micro-
controller

Battery charge from 5 V of USB

~ :INTERNET:,
~ -+ module

. . controller

USB & Battery charge

“WLAN
S micros hoon

Size:

Mass:
Volume:
Detector:

4 LET Si:-

8 LET H,O:
Dose range:
Dose Rate:
Flux range:

<120x40x20 mm
<110 grams

<96 ml

2cm?, 0.3 mm

0.1164- 29.8 keV/p
0.1443- 36.9 keV/p

0.093 nGy — 1.56 mGy

2.8.10°-0.19 Gy/h
0.01 — 1250 cm?3s

Temperature: =208 4056
Li-lon.battery::3.6™or 7.2V
Fash: memory:-2. MB

Active tifie? =e>5 days
Maximal=amplitude of | Deposited energy [ LET Si(0.3 mm) | LET-H,O-range QH,0 rénge_
WAMBETEK pulse (V) Range (MeV) range (keV/u). (KeVip) - ICRP =
5 0.081-20.8 %":1)‘{116-29.8 0.144-36.9 1-9.6
10 0.163-41.6 0.233-59.6 0.289-73.9 1-21.4
15 +0.244-62.5 0.349-89.4 | 0.433-89.4 1-29.99-28.49
7.5 * 0.122-31.2 0.175-44.7 0.217-554 1-15.54
7.5-15 3;]_.37-62.5 44.88-89.4 55.65-110.8  |15.61-29.99-28.49
New: resulfts... g 15th WRMISS, Roma, September 7-9, 2010
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Pijeliminary algorithm for the Intelligent d-osimet_er
internal software

Compare it with
previous decision -

Measure Decide the Calculate Obtain D2
the absorbed type the Measure and compare
Dose D1 and shape of radiation absorbed the absorbed It with the
of the spectrum source dose and dose D2 AR vE
GCR/IRB apparent [ Show the result
/ORB H*(10) | % on the display
dose , & store it in the

memory

e
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o S Conclusions

The mass and volume characteristics of the developed Liulin personal
devices are smaller than the same of the proposed EuCPAD device;

The existing Liulin radiation sources separation procedures are
sufficient to be used in the software of proposed a new “Intelligent
Crew Personal Dosimeter” ;

Same for the dose interp

* The MJ«JJ/&J; oI ther advantages

and QJ]SENJ\/'JIJ‘EEJJ:—)J ofi the' 1 and 2
new.dosimeter anv rruﬂ the
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— | ' Liulin ranges .
Deposﬂed energy range (Si): 0.0394-20.83 MeV

“LET(Si)” range: # 0.582-29.8 keV/p

LET(H,O) range: 0.722-36.96 keV/p

LET(H,0) range (PHITS): 0.722-42.1 keV/p
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