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Astronauts’ Radiation Risk

.

To understand the risks for
astronauts, particle track-structure
and energy deposition in
biomolecules, cells, and tissues are

2

described by the parameter é—z




A0 LIDAL - Light lon Detector for ALtea

Human Space Exploration Radiatio}

LDU: LIDAL Detector Unit
LCU: LIDAL Control Unit
SDU: Silicon Detector Unit
DAU: Data Acquisition Unit

LDU

LCU

DAU

LDU

LIDAL detector on board the ISS Scheme of LIDAL system

QMONS Université de Mons



= [l TOR VERGATA

UNIVERSITA DEGLI STUDI DI ROMA
—

Dipartimento di Fisica Human Space Exploration Radiatio}

QI6SROUT
CSSRIN™ i'"CLIGRIN CSSROUT “CLKSROUT
DATASRIN '} ”usm DATASROUT -‘u r RBSROUT
X2
Rl AL

SR e 71 > gl S T '

Qg\ I J/J/J)J 32 1 - :

X1 v X0 YO [ %8 cm X Plane
E

i
{
A
g
|

% .
..................

6 Silicon Planes

Y Plane

| 1
31 32
8 cm 5 A geme) |- .
0 63 T, S B S

| B
16 switchs driven by 16 bit Input Shift Regsister
2 ' 4
1
3
ba
]

16switdsdrvenby 16 bt Que

2 T . ‘:‘u‘}{:; -*:.-"' -;%,--—-; -': ,,,, .\:ug---: -':__--' ;‘_l‘}--l' t,..- '!

8 X 8 cm* silicon chips R x5 Curgy oS

380 um th|Ck o CR2.0 chips — I i i i
m strip labels 0.55 cm SELFTRIGI SELFTRIG2 SELFTRIG3  SELFTRIGS

segmented in 32 strips
strips’ pItCh of 2.5 mm Scheme of X-Y planes from above Schematic of the integrated chip CR2.0

QMONS Université de Mons



~

g)osyEedt | IDAL Particle Discrimination "HSER:al

Dipartimento di Fisica Human Space Exploration Radiatio'm

LIDAL allows measurement of the
energy released by the particle R
passing through the detector and
measurement of Time of Flight (ToF)
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Real trajectory of a particle through the several layers of LIDAL
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LIDAL in the three positions
in Columbus module.

Approximate

Position duration
(months)

Start 19/01/2020

End 12/02/2021 13
Start 12/02/2021

End 16/09/2021 7
Start 16/09/2021

X X < < N N

End 05/06/2022 6

Now still running in Z Position
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LIDAL spectrum in Z position
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ALTEA Particle Identification in position Z
Full Orbit SDUs
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Probability per single LET:
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Use the reference spectrum of LIDAL in Z direction to calculate Landau
curves on spectra in X or Y direction.

IonProb - Data X= X lon Spectra

Spectra in position X
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Abundance X DIRECTION

LIDAL Particle Abundance
X DIRECTION

1075
10°¢
1055
10% ¢
10° ¢

102

10"

QYOO N0 CPROY®DR DO TP NN G

lons

QMONS Université de Mons

Reference Fit | ]

Fit X Spectra

Fit X Spectra / Reference Fit

—
HSERL]

Human Space Exploration Radiatio}

LIDAL Particle Abundance
X DIRECTION

QQ\OQQ‘@.%%@\Q:%‘;}Q 5 O ¢

lons

13



=

Human Space Exploration Radiatiol

-
O
o

&

)
—
©
VI

©
—

O

D

O
)

AN ol

Dipartimento di Fisica

o

__:_._. T P T T Frrr i T i T T K

Fy

— Single lon Spectra
Reference Fi

* Data

3

) i Y |

/
Ly

Y Position

\)
sk,

g
Yo
b

i
¥ o7l S,
¢” . \\“\M
nlul.ulxhni.“‘ (2 4% g
P Pl =
- gt e /
zr ' 7 ¢
S hd= (4 /
o s e o .
- /S 7/
G A
Ve - i 4
T e o z
o SO L C T ST -
o~ - \\ .
r\'\ A \\
\-\n\‘ \rl. -.ll.l..l..\.{n\lulnlulul
gt P -
t'l"\l“' \Il g
- > ll‘l"l |||||||| - ———
-~ o -
AR A
l“ﬁ_\ﬂnﬁ'llllll’l.l ||||| — . — ——
s -
.l|l,|...hil!|\|u‘rllul.- ||||| R up—— R p—— -
-Ill..-lil‘l l|l|.\|‘l
l.l\‘llrln L Wi et ST o' e o e
e
N VRN U U0 U U WU [T S W W NI - TYNNEE
0 k, * ) * -
<) =] = = e
- - 1 1 4I

Sjunoy

14

150 200 250
Energy release [keV/um]

100

50

UMONS Université de Mons



= [l TOR VERGATA

UNIVERSITA DEGLI STUDI DI ROMA s 2
Dipartimento di Fisica u I l I l C e Human Space Exploration Radiétiom

LIDAL Particle Abundance
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The spectrum changes with the geographical areas.
Dividing the entire orbit into 3 regions:

« Low Latitude LL (equatorial regions)

« High Latitude HL (poles regions)

« SAA (South Atlantic Anomaly)

f T T T T T T u m H nanoTesla
0 5000 10000 15000 20000 25000 30000 35000 40000

ALTEA Spectra Direction Z

HL VS LL
T T T T T
-3 . . 4
10 ——High Latitude|: 0.06
—_ B — Low Latitude | '
E 1 0
SR % 005
Ay 5
> 2%
E #  0.04
x
T 10 =
% 0.03 |
IL
i 0.02 |
Ib‘) 10*6
a
= 0.01
=
(T 1077 0
Apr/19 Apr/20 Apr/21 Apr/22
1 A . A . . A
=0 100 150 200 250 Radiation flux measured in a quiet Solar Period (April 2012).
Energy release [keV/um] Radiation survey in the International Space Station (2015)

17

UMONS Université de Mons



TOR VERGATA

UNIVERSITA DEGLI STUDI DI ROMA

Dipartimento di Fisica

UMONS

Future Perspective

Event Info Global Counters Ton Recognition v
Type I~ Debig Triggsrs Aligned Filtered TP rnrie: o — Energy Spectrum
Particle Event sps [0 |0 o Spectrum | Sandare = |
L . et
: Pedesta| spu) 0 fo I !Fteg'(ratlcw 5400
¢ 1Calibration <t [0 i a ime (5)
——— oL ! Global bt
[o Strip hit souzjﬂ |o {o N T
|o AlteaTime | SDUZ|D o fo
|0 TimeTag SDU4 l 0 [o io
[0 CCaDSs Time | SDUS1 0 10 {0
| Reset Counters | Total pedestal [0
Filters One-minute Counters
P —— Pedestal | SDUCount
_EneroyRange |1 4096 ||| = i | Triggers Algned -Fitered
: Neaattve Correction (D_— Ia—— "n-—[a— | %
v Angular Correction ~ 2 T i} U
Alignment Check 12 L g 4 o —r
g a ] a "D Nelo [0 lon Count
o — | — Na |0 i
I Relativistic Patticles |10 %' | [0 0 |0 ] il
I~ Fi [ o Main |o
Fixed ADE CUE 0 {o oo Jo o s
= e || Fr Mp—— Al 0 1]
[V Graph Window lo o 0 ] )
I™ Trackview = 0
f EyePass! I
i o
0
Right Left Both =
| 1.5 Sphere
Distance «  Cube ]
a
lo
1}
|o 60 180
|a
[o
|o
b
|0

ALTEA DATA 2006

Human Space Exploration Radiat

16



~

TOR VERGATA

e mprove Nuclear Discrimination HS

Dipartimento di Fisica Human Space Exploration Radiatio'm

Bethe Bloch Equation

Simulated spectrum acquired by LIDAL system
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Particle with
KeV
Energy Release: (52 + 2) —
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Particle with

Energy Release: (52 + 2) @
ToF: < 2.2ns
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« Development of algorithm to fit
LET spectrum with Landau
Curves

Nuclear Discrimination on
LIDAL data

Single particle analysis
eventually in real time

This study is important for
radiation risk assessment
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Conclusion:
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