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. What: DOSTEL

ONLAE "

Each DOSTEL consits of two Canberra PIPS (Passivated Implanted Planar Silicon) sensors forming
a telescope.

Each sensor has a thickness of 315 um and an active area of 6.93 cm?.

The distance between the two detectors of 1.5 cm defines an field of view of 120°.

Dose is measured by a single detector (opening angle 4m)
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Fpartimento di Fisica 3 What: REM

Human Space Exploration RadiationEAET .

« Hybrid silicon pixel detector
utilizing Medipix2/Timepix
technology from CERN
(medipix.cern.ch).

gifrielféﬂEe,g,i\‘,)}ﬁech:E:)nd Timepbx assermily; * 256x256 pixels, each with a
55um pitch (1.982cm?).

* Opening angle: 4.

» Low mass/power/cost make
it an ideal technology for
space applications.
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2 Scint. planes.: [0.4x (8 x 2) x 8 cm3 - measurement of NASA Q
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Shield complexity

\ B i

Human Space Exploration Radiatio

Shielding
complexity for
the ISS.

Situation on
August 25 2025:
one week ago
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Shielding complexity
within Columbus:

NASA astronaut Josh Cassada
performs sets of movements
for GRIP

LIDAL-REM
assembly

DOSTELs

J‘-‘/*; ! .7_‘3;“{ / A ;“,_ — A B~ Aane
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Comparative studies of the measurements from four silicon detectors in Columbus:

DOSTEL 1 & 2 \\
REM Ve
LIDAL Zy

i
N,

/1
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ecarse  Where: DOSTEL site (fixed)
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e Where: LIDAL X / REM
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e Where: LIDAL Z/REM

Human Space Exploration Radiatio
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Measurement times

betector  Jvom o

LIDAL 2020 Jan 19t 2025 Feb 23
DOSTEL1 2021 Mar 4th 2024 Sep 22
DOSTEL2 2020 Jan 1% 2024 Sep 17t
REM 2021 Sep 17t 2025 Feb 23

* All four detectors are still running and acquiring data. The ‘to’ date refers to the data shown here

ISS altitude would not be an issue during the considered period:

I I T I I

iN

o

o
T

Altitude (km)
N
o
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O | | l | f—
2020 2021 2022 2023 2024 2025

WRMISS 2025 DLR :envihab, Kbéln Germany DOSTEL REM LIDAL intercomparison 2025 Livio Narici



TR VERGATS

A ELINES Field of View (FoV)

0 ' ' i DOSTEL and REM are 4mt detectors
> DOSTELs & REM
S 50/ -
LIDAL
O 1 . 1 < » LIDAL mean: 14°
-100 -50 0 50 100

angle from shorter axis

e DOSTEL and REM have a cosinusoidal modulation of the efficiency in detection within the FoV
e REM corrects this modulation to become a ‘spherical’ detector

e Within the FoV LIDAL efficiency is modulated by the energy acceptance of the telescope
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S i Energy acceptance for LIDAL "HSERLE

Human Space Exploration Radiation’

Oltaris (BON) model for the
ISS radiation environment

40 g/cm? shielding
.
><100 -'l-....- T
2 g0° e, i el R & FLUKA Monte Carlo
32 i % of flux measured by LIDAL simulation of LIDAL
= 10 15 20 o5 determines the energy
z thresholds for each Z

— Mean LIDAL measured flux: > 92%
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o PR Daily averaged flux - GCR

Flux 1 day integration GCR

Human Space Exploration Radiatior
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Daily averaged dose rate - GCR

Dose rate 1 day integration GCR

Human Space Exploration RadiationEAET .
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Daily averaged flux —

Flux 1 day integration entire orbit

including SAA

Human Space Exploration Radiatior
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iy Daily averaged dose rate — including SAA

Human Space Exploration Radiations

Dose rate 1 day integration entire orbit
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Yearly averaged flux

Flux entire orbit averaged over1y
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e Yearly averaged dose rate

Dose rate entire orbit averaged over 1y
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e 5 minutes integrated flux — example
Flux 5 min integration entire orbit. 1 day vs time (left) 7 days vs L (right)
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Dose rate 5 min integration entire orbit. 1 day vs time (left) 7 days vs L (right)
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Discrepancy study

Human Space Exploration Radiatio

If we ‘carefully select’* the datasets, the data show good agreements.
We can compute the average and the standard deviation of the dose rate values across detectors each day.

* No Z direction, possibly no SAA

20 Dose rate 1 day integration GCR
e LIDAL X
9] ' ' = DOSTEL1 X
£ (Withput SAA) = DOSTEL2 Y
510 | . | | ¢ REM X
S

0 1 | | | 1 |
Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec Year 2024 data
2024
(all X, DOSTEL2 Y)
Dose rate 1 day integration ALL
20 N e LIDAL X
| (with SAA)

15 | | | | = DOSTEL1 X
< = DOSTEL2 Y
;10 Ly

¢ REM X
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o Discrepancy study

Human Space Exploration Radiations

Computing the average and the standard deviation of the dose rate values across detectors, the standard deviations
distribute as follows (brown plot just GCR, blue plot including SAA). Same for 5 min integrated data at right.

1 day integrated measurements 5 min integrated measurements
120 6000

100 5000

mean = 23 % (with SAA)

mean= 5% (Without SAA) - .
80 4000 | mean = 10 % (WIthOUt SAA) Year 2024 data

(all X, DOSTEL2 Y)

mean = 13 % (with SAA)

60 3000
40 || ' 2000
20 | 1000
L | . With SAA = bio exp. In ISS
0! . . - 0 : Without SAA ~Deep pace?
0 20 40 60 80 0 20 40 60 80 100

Relative discrepancies (%)

NOTE: number of detectors and experimental ’set up’ do not allow for ‘real’ statistical meaning of these numbers: they are just approximate evaluations for a complex habitat
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o Discrepancy study

Human Space Exploration Radiatic

Models may have similar uncertainties ...

Table 3 | Comparison of measured silicon dose-rates (mGy/day) to model calculations for ISS (Cupola and US lab), Orion (HPU,
HSU1, HSU2), BioSentinel (BPD), and the surface of Mars (MSLRAD) during the Artemis-I mission

Location Vehicle Silicon dose-rate (mGy/day)
Detector Measurement Model Model (G4)
LEO ISS US lab 0.132 0.101(24)\ 0.105(-21)\
Cupola 0.115 0.104(-12) ] 0.106-8) /
Free space Orion HPU 0.336 0.345 (3 0346 (3)
HSU1 0.328 0.340 (4) 0.340 (4)
HSU2 0.320 0.330 (3) 0.329 (3)
BioSentinel BPD 0.276 0.287 (4) 0.282 (2)
Mars Curiosity MSLRAD 0.167 0.155 (-7) 0.147 (-12)

(Slaba et al. NPJ Micrograv 2025)

e Uncertainties in replicating measurement data from models seem to be roughly equivalent.
But ... relying on models may cost much more (than measuring)
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@ Home About v Data&Tools v Research&Resources v Services v WorkingGroups v EngagewithUs v Help

The RadLab portal and the RadLab data API

RadLab is a portal that aims to provide a single point of access to radiation telemetry data from multiple databases maintained by multiple space agencies.
The Web interface provides the ability to query, visualize, inspect, and download data; for example, time series plots of readings from multiple instruments, pairwise
comparisons of instrument readings, and geospatial visualizations of absorbed radiation dose rate and flux registered by the instruments
The underlying API enables data selection and retrieval at a programmatic level

BLEO
Time series plots
Data comparison
Geospatial plots

Knowledgebase
Data APl
Settings

Read about the data and features in the current release

Read about interactive plots

Overview of available instrument readings

Explore the data available from the IS or from instruments in BLEO, or directly explore the overview table below to filter for instruments (using the dropdowns above the
table) and time spans of interest (by panning and zooming the interactive plot)
Tick the checkboxes next to the instruments of interest to proceed with more in-depth visualizations.

v EIETr [+ ouie ] [+ Viesuremens—

() 2007/07/03 10:26|-| 2024/11/0300:44| O 'Search Hide unselected  Reset all filters
Body Trajectory Spacecraft Module  Family Instrument Measurement: absorbed dose rate

DosTel2

Earth - LEQ 1SS Columbus | DosTel — DosTel1 [ 1] i 0 [ HE R B } | Do
Lidal —— Lidal L]

RAD - RAD |
TEPC — IV-TEPC
Timepix | REM TTE| |
REM-Lid —— RE
Cupola — Timepix - REM HH I
JPM RAD — RAD
Timepix - REM

Node 1 Timepix - REM
Node 2 RAD RAD

TEPC —— IV-TEPC
IV-TEPC
W-TEPC
Noded —— RAD — RAD
TEPC — IV-TEPC
Timepix ~ REM
SM Liulin — Liulin-5:D1 i R | i
Liulin-5-D2
Liulin-5-D3 I ]
TEEC - IV-TEPC I |
TEPC I I
TEPC
TriTel — TriTel-SM | 1Y | |
USLab - ALTEA — ALTEA-Survey I ima
RAD RAD } H
Timepix 1 REM 1 HHH
REM HH | I
Mars — Cruise 160 Liulin —— Liulin-MO-AB ]
Liulin-MO-CD I
Orbit 160 Liulin 1 Liulin-MO-AB 0
iulin-MO-CD 1 I
Surface Curiosity RAD -~ MSL-RAD |1 I S
Moon - Orbit LRO CRaTER - CRaTER [ | h . H 1 H
Surface Change 4 LND —— LND - ttps. VIS ua |Zat|on.os r- na Sa -gov
Sun — Heliocentric - BioSentinel Timepix - BPD 1

radlab/gui/overview/

Interactive plots: Howto, Adjust colors

FOLLOW US CONTACTS OTHER RESOURCES
W @NASAGeneLab NASA Official: Samrawit Gebre 3 NASA Space Biology Program
e Ouastons s0d foscback + NASA Ames Space Bosciences Division
e ) NASA Lie Scin

SITE INFORMATION Dt
NEWSLETTER SIGNUP *NASA GeneLab Cverview

+Tems snd

Stay up to date with the latest news:

+ NASA Privacy P
Join our malling st

NASA | NoFearAct | FOIA | USAgov | Contact | Accessibility
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e Take home messages

Human Space Exploration Radiation’

J Comparison among almost co-located detectors are quite useful for final calibrations and tunings.
For interested space experimental biologists:

L The overall shielding, the local shielding, the differences in detectors functioning provide apparent discrepancies in the
measurements.

J Earth shadow effects heavily depends by the FoV of the detectors.

) Carefully selecting the data daily dose may be accurate within ~23% in ISS and ~13% in ‘deep space’ (GCR)

1 You may rely on models, at a cost (= measurements in this moment are cheaper)

For the modelists:

J In complex habitat the need of accurate knowledge of the radiation field also relies on models (and CAD availability).

J - Need of an open CAD database!
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S TS The DORELI collaboration

Human Space Exploration Radiation’

LIDAL team REM team DOSTEL team

Livio Narici Kerry Lee* Thomas Berger
Virginia Boretti Nic Stoffle* Daniel Matthiae
Luca Lunati Stuart George Bartos Przybyla
Francesco Monnati Tom Campbell-Ricketts S6nke Burmeister*
Giulia Romoli* Andy Castro Maximilian Brtudern
Giorgia Santi Amantini*

Luca Di Fino

Giorgio Baiocco
Alice Mentana

* Not anymore in the collaboration
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Thank you for your attention
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