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* Routine issue for neutron personal dosimetry —
electrochemical etch rear face

e (Calibrated for neutrons <173 MeV

» Electrochemical etch produces indistinguishable tracks for
neutrons, direct protons, and heavy ions
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Neutron energy distribution E,so/ @(pSv cm?) | R, (10° cm?) R(E,,) (mSv-T)
Ersmark Columbus module ISS | 228 30.7 134 (16)
Wilson NASA STS-36 304 35.4 116 (14)
Sato NASA STS with water 284 34.3 121 (15)
Goldhagen et al. ER-2 plane 167 19.6 117 (14)
Mean 246 (31) 30.0 (3.6) 122 (14)
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Heavy charged particle track subtraction forZ =23

Focus on Back Face of detector Focus on Front Face of detector
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HPA detector is 510 um thick
— LET threshold ~ 60 keV um-?
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Have to calculate the Z< 3 particle contribution to the
counted tracks on the dosemeter

We need
 Measured LET threshold for the Z< 3 particles

* Fluence energy distributions for Z< 3
particles inside ISS
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2 PADC
stacks

2nd set: Repeat for 70 MeV protons

Protons
40 MeV
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protons
at normal
incidence
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1 Applied Fluence, @ 1

Stack <

u Rcrit

D = detector thickness

N = measured tracks summed for peak distribution
® = Applied fluence

R = etchable length of track (i.e. LET > LET_)

If R,;; =D measured tracks = applied fluence
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Proton LET thre Py

(Calibration performed at HI
collaboration with NIRS)
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lon | Angle of Etchable Maximunm LET. panc | LETw water | "LET200 panc
used | incidence | aSK1enath. | Energy - vy | (kevium) | (keVium)
Ry (um) | (keV)

'H Normal
40 0° 8.7 (0.5)% 589 45 (1) 33 (1)% 24 (1)
MeV
I N I

orma
70 0° 10.0 (0.5)% 645 43 (1) 31 (1)% 22 (1)
MeV

$ 1 standard uncertainty
# Using: log(LET., water) = 0.1689 + 0.984log(LET,,, CR-39) (E.Benton)
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* Measured proton LET,, pppc threshold ~ 44 keV / uym

 Measured neutron response threshold ~ 50 keV
At 50 keV, response dominated by proton recoils
 Range of 50 keV proton in PADC ~ 0.6 uym

» Protons detected at the surface of the PADC when
LET.. papc > 44 keV / pym and range > 0.6um: in the
direction normal to the detector surface
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Calculated protons P

Columbus module
(GEANT4)
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LET., papc COSO >44 keV uym-’
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Incident protons:
E, required
varies with

chord Iength ICRU Sphere




Minimum proton
treeing energy

Angle of incidence, 9 (°)

Envelope defines protons that can
produce etchable tracks

Then assume dosemeter mounted
on an ICRU tissue sphere inside ISS

Calculate tissue depth traversed to
the detector surface for all incident
angles

Calculate for each 6, the energy
range incident on ICRU sphere which
produces etchable tracks
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Proton energy, E, (keV)
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Etchable proton tracks

Origin (cm-2d-1)
SAA belt 1.09

GCR 0.11
TOTAL 1.20 (0.35)*

# 1 standard uncertainty in brackets
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For inside ISS the ‘direct’ proton contribution to the total
tracks recorded by the dosemeter is currently calculated to
be ~ 8%.

For outside of ISS the ‘direct’ proton contribution to the total
tracks on the dosemeter is expected to be significantly
higher than inside due to the higher fluence. This would
swamp the neutron contribution. Consequently, an
accurate estimate of the neutron dose using the HPA
dosemeter is unlikely for exposures outside the ISS.
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Water

equivalent
thickness of PADC
PMMA stack

He 577.14 Me\/ m—p
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PADC stacks: 40°, 50°, 60° incidence

Unfortunately this time the fluence used was a little
low resulting in poor statistics ..........
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Etchabl
lon | Angle tra(;[IC(; I::geth, Energy, E | LET. papc LwEat-(Ia-:o "LET 200 panc
Rym) | MeV) | (keVium) | Govjym) | (keVibm)
0° 130 (16) | 12.8(1.0) | 58(4) | 47(3) 34 (2)
e | 40° 28 (8)8 5.0 (1.0 | 116 (178 | 92(13)8 | 67 (10
50° 23 (8)8 43(1.1) | 128 (23)8 [102(19)5| 74 (14
60° | 20(13)% | 3.9(1.9% | 137(57)5 | 108 (47)5| 78 (35)8

$ 1 standard uncertainty

# Using: log(LET., water) = 0.1689 + 0.984log(LET,,, CR-39) (E. Benton)
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lon LET.. papc (keV/ium)

H 44

“He 58

12C 77
20Ne 44
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« Determine fluence energy spectra - protons inside ISS
- 4He inside ISS
. CREME-96 spectra + 20g/cm? shielding + MCNPX

* Proton calibration at Heidelberg - to obtain LET threshold
vs. angle of incidence

© HPA
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Yukio Uchihori and colleagues at Radiation Measurement Research
Section, Fundamental Technology Center, National Institute of
Radiological Sciences, Chiba, JAPAN, for providing irradiations during
HAMLET HIMAC and proton ICCHIBAN.

Part of the irradiations at NIRS were performed in the framework of
HIMAC Research Project 20P-240 "Space Radiation Dosimetry-Ground
Based Verification of the MATROSHKA Facility”.

Part of the research leading to these results has been performed within
the HAMLET project (http://www.fp7-hamlet.eu/) which has received
funding from the European Community's Seventh Framework
Programme (FP7) under project No. 218817, and is coordinated by
the German Aerospace Center (DLR)
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How advanced is calibration ?

What needs to be done ?

What’s achievable in 3 year ?

When to expect neutron dose values ?
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i Neutron fluence spectrum (Ersmark: Columbus)
-I_ -+ — - Dosemeter R Biso (experimentally determined)
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Question — Is the neutron energy distribution correct

Answer — Table below shows that variation in our dose
equivalent response to selected cosmic ray spectra is not

large, so choice of neutron spectra is not too critical

Neutron energy distribution E,so/ @(pSv cm?) | R, (10 cm?) R(E.,) (mSv-T)
Ersmark Columbus module ISS | 228 30.7 134 (16)
Wilson NASA STS-36 304 35.4 116 (14)
Sato NASA STS with water 284 34.3 121 (15)
Goldhagen et al. ER-2 plane 167 19.6 117 (14)
Mean 246 (31) 30.0 (3.6) 122 (14)
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(Calibration performed at HI
collaboration with NIRS)
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lon | Angle of Etchable Maximunm LET. panc | LETw water | "LET200 panc
used | incidence | aSK1enath. | Energy - vy | (kevium) | (keVium)
Ry (um) | (keV)

'H Normal
40 0° 8.7 (0.5)% 589 45 (1) 33 (1)% 24 (1)
MeV
I N I

orma
70 0° 10.0 (0.5)% 645 43 (1) 31 (1)% 22 (1)
MeV

$ 1 standard uncertainty
# Using: log(LET., water) = 0.1689 + 0.984log(LET,,, CR-39) (E.Benton)
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Incident protons:
E, required
varies with

chord Iength ICRU Sphere
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Calculated protons P

Columbus module
(GEANT4)
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Etchable proton tracks

Origin (cm-2d-1)
SAA belt 1.09

GCR 0.11
TOTAL 1.20 (0.35)*

# 1 standard uncertainty in brackets

© HPA



Etchabl Frean N

" Protection

protons Agency
-

Upper range defined by
low LET

Etchable energy range (keV)

Lower range defined by “treeing” depth

0 | 1 ] 1 | 1 ]
0 10 20 30 40 50

Angle of incidence (°)




Etc h a b A.(Health ‘

" Protection

h el i u m Agen.;y
~-_

Helium ions

10

10

Etchable energy range (keV)

: protons

1 01 I ! I ! I ! I ! I ! I ! I ! I !
0 10 20 30 40 50 60 70

Angle of incidence (°)




Health
Protection

Agency

How advanced is calibration ?

Neutron calibration good, un-finalised contribution to signal mainly from
protons, “He.

What needs to be done ?

Use MCNPX_2.6 to determine the fluence-energy-angle distributions of
the particle fields inside the ISS. Use CREME-96 to produce incident
spectra. Assume shielding of 20 g/cm?.

What'’s achievable in 3@ year ?

Assuming the fluence energy distributions are derived (at least for
proton and “He), then a more reliable estimate of the unwanted
contribution to the dosemeter signal, and a better neutron dose
estimate.

When to expect neutron dose values ?
Realistically this is probably 4 - 6 months away.
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Protons

Helium nuclei

Electrons
Positrons

Heavier nuclei

86 %

12 %

2 %

< 1%
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CSDA range (um)
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577.14 MeV “He
through 139.08 mm water
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Options available: PSI 62 MeV, 250 MeV
TSL 200 MeV
Heidelberg 250 MeV?

62 MeV: range in water = 32 mm
straggling 1.3 mm (SRIM 2008)

250 MeV range in water = 300 mm
straggling 12 mm (SRIM 2008)

Preferred arrangement: 250 MeV through build-up to give a lot of straggling
Several angles would be desirable

High enough fluence to give good statistics

© HPA
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Simple method to get neutron dose
H = Dose equivalent

N = Total Tracks counted

B = Background tracks

R,ss = Dosemeter dose
equivalent response for ISS

But, unwanted charged particles are also recorded by
the PADC dosemeter — these need to be removed

Ncp = Tracks from
charged particles

© HPA



Health

Protection
Agency

Water equivalent

thickness of PADC
STV stack

“He 577.14 MeV —— 13rr?r.r(1)8 I IIIII
220.37 N
mm

Fe 23.331 GeV —— 5:1.;0 N IIIII

2C 4581.9 MeV —
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139.08 mm water

250 -

Net Corrected tracks (cm'z)

Distance into PADC stack (mm)
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Etchable
lon | Angle | track length, Energy, E | LET.. papc LwEat-Ie-:o "LE a0 panc
Ry (MM) (MeV) | (keV/um) | qeov/um) | (keV/um)
0° 130 12.8 (58) 47 33
40° 37 (8)5 5.8(0.8)° | 105(11)5 | 83(8)% | 60 ()8
‘He | 50° | 33(15)5 | 53(1.7)% | 118(27)5 | 93(21)8 | 68 (16)8
60° | 2919 | 4.6(2.3)% | 141(50)% |112(40)8| 82 (30)8
70° | 24(14) | 41(18)% | 146 (45)5 | 116 (36)% | 85 (27)8
12C 0° 2.886 mm 403.6 77 62 44
%Fe | 0° >3m - - - -
2Ne | 0° i 6020 (44) 35 25

$ 1 standard uncertainty
# Using: log(LET,, water) = 0.1689 + 0.984log(LET,,, CR-39)
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