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Radioprotection in space
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detectors for

human exploration

The main differences with

detectors on ground and / or in
space for astroparticle physics:

* operate inside a habitat
(temperature, pressure)

Dipartimento di Fisica

limited budgets (volume, mass,
energy)

should work unattended in total
autonomy

aimed at the Z and Energy
ranges mentioned before

useful to provide physical
parameters for risk assesment
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Detector characteristics

The need for small budgets may suggest to havé, p
»

* Modular systems: severa%'br‘s aimed at specific radiation field
targets, with a single dat nagement unit &

* Discrete systems: sevefal systems I;fcé_ted in different positions in the
spacecraft / base, wjﬂ1 a !‘rjgle datimanagement unit
.
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Dose and other physics variables

In principle these are the physics variables of
interest for risk assessment:

e LET / A
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Risk evaluation has been based on Dose, now man
biological experiments showed Dose inefficacy ™
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Risk evaluation
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The needs for detectors for human exploration AS|

/’

Three major areas where detectors are needed/:

* Monitoring / N, ] \

, P
* real time risk evaluation & » - ~ 1000040
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* Monitor ‘outside changes’ = SPE nowcasting
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|deas for a new detector system: goals

New detectors should fullfil the mentioned nee/ds:

* Measuring (or evaluating) io ) y iomsLET, Z, 5, trajectory

’ ¢ . im
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* Be linked to risk model o . ok
. S

- Real time autonomous pré‘sentation/qlarms to the crew
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* Neutron measurements
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|deas for a new detector system: sensors @

Existing technologies (Si) to be transferred to space
* replace PMTs with SiPMs for light readout in fast seintillating materials
»

e use MAPS to improve hit re”on in‘pixel structure

 timing readout integrated in the trackmg system with LGADs
¢

- \\ ‘(
* Scintillators with pulse shaﬁé dISCI’ImI'atIOn (PSD) capability (EJ-270, EJ-276,
organic glass...- Pinilla-Orjuela 2023)

New materials

New production techniques |

 3D-printed plastic scintillators (Kaplon 2022)" .
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Considering new and existing materials to minimize budgets maximizing features


https://www.sciencedirect.com/science/article/abs/pii/S0168900223002991
https://www.sciencedirect.com/science/article/pii/S135044872200155X

|deas for a new detector system: architecture @

* Studying the optimal distributed and/or modular detector system
Exploiting the info from all detectors in the system

if/when needed use Al te%ues UL Risk Mbdel

\ ) > In the whole
' - habitat
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For each
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location

Habitat CAD
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Light lon Detector for AlLtea (LIDAL) A

Operative between January 2020 and, at least, 2024

LIDAL detector on board the ISS

LDU

LDU

SDU (Silicon Detector Unit)

6 Silicon planes
LET measure
Particle tracking

o Self-trigger at 3 keV/um

SDU LDU (LIDAL Detector Unit)

8 Plastic scintillators

Time of Flight (70 ps) measure
v 23 Particle tracking
SDU under threshold

measurements (2.3 keV/um)

Scheme of LIDAL system
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Operation summary :
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Activated in 2020, Jan 19™ by Italian astronaut
Luca Parmitano (ESA Beyond Mission)
Active days

~ 1195 days

Effective working time

~9.9 107 s (1145 days)

Total triggers

~1.14 10° triggers

Raw data size

~1.4-2.1 GB/day

~ 2.5 TB total
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Dose (nGy/s)

Daily Dose rate
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- Di Fino, 2023 https://dol.org/10.1016/].1s5r.2023.03.007
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https://eur02.safelinks.protection.outlook.com/?url=https%3A%2F%2Fdoi.org%2F10.1016%2Fj.lssr.2023.03.007&data=05%7C01%7Cluca.difino%40asi.it%7C61720e394ba046cc117c08db545f6ae9%7Ccbfc58d4e60f468d8fe490676de085f7%7C0%7C0%7C638196541019503248%7CUnknown%7CTWFpbGZsb3d8eyJWIjoiMC4wLjAwMDAiLCJQIjoiV2luMzIiLCJBTiI6Ik1haWwiLCJXVCI6Mn0%3D%7C3000%7C%7C%7C&sdata=AFYRx5nr8uVKt%2BzbYqWTXyQDq2UcR6r3YFw6cWOAIt0%3D&reserved=0

Integrated dose

[
U
-

-
O
-
Q
N
@)
-

X Average

Full orbit B GCR | High latitude Low latitude SAA
Di Fino, 2023



https://eur02.safelinks.protection.outlook.com/?url=https%3A%2F%2Fdoi.org%2F10.1016%2Fj.lssr.2023.03.007&data=05%7C01%7Cluca.difino%40asi.it%7C61720e394ba046cc117c08db545f6ae9%7Ccbfc58d4e60f468d8fe490676de085f7%7C0%7C0%7C638196541019503248%7CUnknown%7CTWFpbGZsb3d8eyJWIjoiMC4wLjAwMDAiLCJQIjoiV2luMzIiLCJBTiI6Ik1haWwiLCJXVCI6Mn0%3D%7C3000%7C%7C%7C&sdata=AFYRx5nr8uVKt%2BzbYqWTXyQDq2UcR6r3YFw6cWOAIt0%3D&reserved=0
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ToF spectra
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LET spectra (flux, dose, dose eq.)

LETg; spectrum (Full Orbit)
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LET spectra (flux, dose, dose eq.)

Dose rate (Fu” Orb|t) : : Dose EqUivalent (FU” Orb|t)
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From LET Spectrum... =
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.. to Z?/B?% and Kinetic energy spectra AS!

z? /3% Spectrum Kinetic Energy speetrum compared to models
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Low z2 /B2 (< 12) correspond mainly to protons and He nuclei obtained using only the information on ToF .

Higher z? /B2 have been reconstructed with the previously described algorithm

Boretti, 2023



Daily Average ICRP and NASA Quality Factors @
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NASA and ICRP Dose equivalent

Dose Equivalent Rate (uSv/d)
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Conclusions @

* The characterization of the radiation environment in human
habitats in space is of mandatory importance to evaluate the

radiation risk for the astropauts. _.
* Dose is not enough, ne@jiaind B information.
* Anisotropies due _to' ‘the uneven shielding could affect

measurements. Jrow N
 LIDAL, measuring LET and TOF. got the first Z?/B? measurements
inside a space habitat. \ 8

* Multiple advanced detectors are needed to better map radiation
environment, to validate transport mpdels, to flave risk estimates,

let’s talk about that! s\_:



Contacts: luca.difino@asi.it



mailto:luca.difino@asi.it

s

H or He or Li or Be (0.16 %)
B (4.4%)

C (14.6 %)

Event count

N (80.3%)

|
10 .
.

Simulation

et . P
"’ﬁﬂ‘%‘mﬁ . e ]
Pt T,
e
_¥4LQ—Q_‘—JFJ 4 C 495 MeV/n
150 200 250 * Monte Carlo datum
Energy release [keV/um]

N
[}

The information of ToF is added
And acceptance windows on ToF and LET are opened

according to a Bethe-Bloch simulation
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LIDAL System

Dimensions (w X [ X h): 19X25x54
cm?3
Field Of View (FOV): 18°

Geometrical factor: 13.5 cm?sr

Direction Period Active days
19/01/2020-
z 12/02/2021 450
13/02/2021- .
Y 16/09/2021 A
X 17/09/2021- 187

24/05/2022

LIDAL in the 3 directions
in the Columbus module



