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Background and rationale

Mitigation of radiation risks is a needed step for human exploration

A detailed knowledge of the radiation environment is required:

for accurate risk assessments

for developing countermeasures

to validate models for future extrapolations in outer space.

Detailed characteristics of the radiation are needed for all objectives
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- 3D Survey of the USLab {ALTEA — DOSI, NASA; ALTEA — shield / survey, ESA}

- March 2012 SPE

- Measurements in Columbus {ALTEA — shield / shield, ESA}
(first baselined detailed space measurements of Polyethylene and Kevlar radiation shielding effectiveness)




DETECTORS: & double strip silicon layers arranged alternately-
along X and Y directions
Plane area: 2 x (8x8) cm’
Thickness: 380 um
Distance X-Y planes: 3.75 cm
Maximum error
of angular reconstruction: 1.8°
Geometric Factor _
(bidirectional): 200 cm? sr

PERFORMANCES:
Threshold: 5 -33 MIP
Saturation: 2400 MIP
(1 MIP=109 Ke\/plane)
ADC: 12 bit

DAU SOFTWARE PARAMETERS:
Resolution: 0.64 MIP/ADC ch

Maximum Acqguisition Rate: 700 Hz
Autotrigger (logic OR or logic AND of X
planes, software switchable)

log [Ein 4 ety ]

With the current parameters:

3 keV/um < LET(Si) < 800 keV/um

0 [LET {kerffurn-st-s-cm 2) in Si, measured by ALTEA, (CREMESE, 5 o of A, quite period)
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ALTEA: real time in NASA - JSC
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ALTEA: real time in NASA — GSFC [iSWA — web]
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Data Sharing Agreement Between ESA’s ALTEA-shield experiment and ASI’s ALTEA experiment wit NASA GSFC Space Weather Laboratory
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ALTEA: running times

2006

2007

2008

2009

2010

2011

2012

Light Flashes sessions
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Memorandum of AGREEMENT BETWEEN NASA AND THE
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On Ground Segment Infrastructure and Joint Operations
Support for the instrument - Anomalous Long Term Effects in
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Experiments 2006 — 2012 {integrated results summary}

year location experiment approximate | Flux Dose rate | Dose Eq rate
duration (d) | n/(scm?sr)* | nGy/s * nSv/s*

2006 — 7 | Lab1P1-2 | ALTEA-DOSI (AS]) 224

2009 Lab1P1 ALTEA-DOSI (ASI-NASA) 180 0.00355 0.205 1.15
2010 Lab1P1 ALTEA-DOSI (ASI-NASA) 47 0.00347 0.199 1.08
2010 Lab102 ALTEA-DOSI (ASI-NASA) 23 0.00344 0.202 1.17
2010 Lab1S1 ALTEA-shield/survey pos 1 (ESA) 15 0.00390 0.239 1.47
2010 Lab102 ALTEA-shield/survey pos 2 (ESA) 42 0.00328 0.200 1.24
2011 Lab1P4 ALTEA-shield/survey pos 3 (ESA) 90 0.00331 0.185 0.941
2011 Lab1S6 ALTEA-shield/survey pos 4 (ESA) 136 0.00342 0.194 1.10
2012 Lab1S6 ALTEA (ASI-NASA) 128 0.00409 0.226 1.20
2012 Col ALTEA-shield/shield [Poly] (ESA) 62 0.00373 0.225 1.70
2012 Col ALTEA-shield/shield [Kevl] (ESA) 17 0.00383 0.229 1.71

* Averaged over the three directions / whole period, errors =< 1 %
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ALTEA DOSI & shield/suvey — 3 years 3D monitoring w;wss ;;;";fz:nféa:
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ALTEA DOSI & shield/suvey — 3 years 3D monitoring
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ALTEA shield/survey — 3D monitoring {small FOV}

Field Of View (FOV) with a single SDU: 90° X 129°
Field Of View (FOV) with a double SDU: 39°X72°

l External DB

'

| Field of view

72°

‘ External DB

SDUcover |

39°

Double SDUs
permit
better
nuclear
identification
capability
{analysis still
in progress}




<5 @ ALTEA shield/survey — 3D monitoring {small Fov}
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ALTEA shield/survey — 3D monitoring {small FOV}
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ALTEA: March 2012 SPE

; directionality
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ALTEA: March 2012 SPE B
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ALTEA: March 2012 SPE
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ALTEA: March 2012 SPE T
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ALTEA: March 2012 SPE
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Forbush decrease — protons, electrons and positrons

Rigidity from 1.57 to 5.70 GV

1.2

Arbitrary units

0.9

0.8

0.7

0.6

............. s I T R S SR T
i —— protons N

S N —electrons | =
—— positrons =
| |

| i |
30/11/06 14/12/06 28/12/06 11/01/07 25/01/07 08/02/07

Time (dd/mmlyy)

Confidential From Pamela Collaboration




Contents

e New measurements:

- Measurements in Columbus {ALTEA — shield / shield, ESA}
(first baselined detailed space measurements of Polyethylene and Kevlar radiation shielding effectiveness)

Preliminary drafted results




ALTEA in Columbus: shield - shield
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Polyethylene Kevlar
June 8t — Aug 9t Aug 8t — Oct 10t

2 shielding values: 5 g/cm? and 10 g/cm?
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ALTEA in Columbus: shield — shield g8 oS

Nuclear Identification
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ALTEA in Columbus: shield — shield

Nuclear Identification

Compare the ratios of the measurements with the tiles to the reference measurements (no tiles)
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Summary conclusions / comments

1) Radiation environment in the ISS depends strongly on directions and on position
Differences can be as large as one order of magnitude
Further measurements, CAD models, info on racks configurations must be used to study in detail the data

Columbus in the site and direction measured appears to have a different radiation quality then USLab (very Preliminary)

2) Details of the dynamics of the radiation field during the March 2012 SPE are under analysis
Clear Forbush decrease, lowering the dose for about two weeks following the March 2012 SPE, have been measured
(same dynamics shown by Pamela measurements). Further analysis is in progress. Possibly more SPE in the ISS must be studied

to provide information on countermeasures development

3) Preliminary analyses show similar effectiveness of Polyethylene and Kevlar, reaching a reduction of about 25% in Dose
and almost 50% in Dose Equivalent (10 g/cm?)

We need models to compare our data with and info from radiation biology suggesting the degree of details the data analysis
(and consequently the models ..) must reach

We need to compare our data with the data coming from other available similar instrumentation
We need concurrent measurements inside — outside the ISS to correctly provide tools for model validation

Only detectors that can provide trajectory and nuclear identification (such as ALTEA) can provide the entire set of the needed
experimental info
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Thank you for your attention
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