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« Space radiation environment & quality factors
« Charge weighted quality factor, Q*

« Q* application to a space LET measurement

e Summary
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Space radiation environment &1

The GCR dose levels in space are ...

» ~200-300 mSv/yr on the ISS orbit
(No atmosphere, Kodaira et al., RM 2013)

»~600-700 mSv/yr in the deep space

(No atmosphere & geomagnetic fields
Zeitlin et al., Science 2013)
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QST

The ICRP guality factor

Dose equivalent (H) has been
derived from absorbed dose (D)
and the ICRP quality factor (Q).

H =3 D(LET) - Q(LET)
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Possible problems are..

B Some researches may imply
overestimation of heavy ions

B No updates from 1990

Rate of chromosome aberration

0.07 & H
Fe ion
s Fe y =0.0667x + 0.0002
0.06 (R*=0.9676)
+ ISS (MELFI)
0.05 _ _
Overestimation of the heavy
0.04 ijon contributions by Q7
0.03
ISS (MELFI)
0.02 Proton y =0.0131x - 0.001 1.54-fold of
7 y=0.0085x + 0.0014 (R*=0.8628) Proton beam
(R%=0.8826) | | e ~
0.01 . i { s >
) GEOR,. T I ...........
o—" 3
0 @ rpesasissente gt
..... T
0.2 0.4 06 0.8 1 1.2

Absorbed Dose (Gy)

Yoshida et at., Heliyon (2022)

M lons with a specific LET and
different charge have a common
quality factor




The NASA guality factor Q"S?T

The NASA team has suggested a different quality factor (Qy454), based on
the track structure model (Cucinotta et al., NASA/TP 2013, PLOS ONE 2015).
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Motivation &
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approach

k
H = ‘D(LET)‘- Q(LET) D(LET) = —F(LET) x LET
LET P
H = z Z D(Z,LET) - Qyasa(Z, LET) Charge contribution rates to absorbed
5T dose at the specific LET:
D(Z,LET) C(Z,LET) = D(Z,LET)
Z D(LET) Z > L = | Qnasa(Z, LET) ’ ~ D(LET)
LET (LET) C(Z,LET) varies with the GCR solar

Z D(LET) Z C(Z, LET) - Quasa(Z, LET)

LET

modulation and surrounding shielding.

= Z D(LET) - Q*(LET)

LET

C(Z,LET) values in typical environments were

obtained through numerical calculation to

identify its variation, determining plausible Q*.
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Q* comparison in different GCRs
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Comparison of the mean Q... Values applying different GCR energy spectra.
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Quality factor comparison
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» Qrancer demonstrated the
similar dose equivalents and

charge contributions to Qy4s4-

v’ Successful conversion
from the Qnas4(Z, LET)
to the Q*(LET).

» Heavy ion contributions in
Q;crp Were slightly higher
than those in the Qy454 @and

Due to peak LET difference
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Q* advantages
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v Charge weighted gquality factor, Q*, is applicable to the space LET
measurement, accounting the track structure model.
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Q* application test to measuremenﬂf?T

Qiancer Was tested by applying the MATROSHKA-R LET measurements.

Containers
Totally 16 packages were installed in the 4

container rods inside the phantom
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Dose distributions outside/inside
- a body phantom were measured in the ISS.
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Kodaira et al., 40th COSPAR (2014)
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Measured LET spectra
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"Dose depth dependence _
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Summary o

v Charge weighted quality factor, Q*, was suggested to apply the charge and
LET dependent quality factor (e.g., Qyasa) to the space LET measurements.
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achieved conservative dose assessment. & [ —— oot
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v Q}ancer derived from Qy 454 demonstrated slightly
lower contribution of heavy ions than Q;-rp.
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Q:ancer 1S applicable for the space dose
assessment by LET measurements,
providing comparable results to Qyasa.
l.e., track structure model quality factor.
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Danke schon, thank you!



