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•Radiation in deep space is due to: 
Galactic, GCR (modulated by solar activity) 
Solar Particle Events, SPE (more frequent at solar maximum, random in nature) 

GCR: 
 high-energy protons 
 heavy ions (HZE’s) 
SPE 
 mostly lower energy protons (can be mitigated with Radiation Shelters) 
  
 secondary (produced in shielding) 
  neutrons, protons, heavy ions 

Study radiation environment in ISS is needed to  
- provide needed infos to assess risks in the ISS 
- provide database for models / CADs validation 

Radiation in (deep) space 



GCR as detected by the ALTEA system: 
- Low energy ions stop in the detector 
- High energy low Z ions (H and He) do not  
  trigger the detector 

ALTEA characteristics 

i)  3D – trajectories 
ii) multiple measurements 
iii) nuclear discrimination 
iv) LET spectra  
 (3 keV/µm < LETSi < 800 keV/µm) 
v)  Real Time 



year  location experiment 
2006 Lab1P1 ALTEA-DOSI (ASI) 
2007 Lab1P2 ALTEA-DOSI (ASI) 
2009 Lab1P1 ALTEA-DOSI (ASI-NASA) 
2010 Lab1O2 ALTEA-DOSI (ASI-NASA) 
2010 Lab1S1 ALTEA-shield/survey pos 1 (ESA) 
2010 Lab1O2 ALTEA-shield/survey pos 2 (ESA) 
2011 Lab1P4 ALTEA-shield/survey pos 3 (ESA) 
2011 Lab1S6 ALTEA-shield/survey pos 4 (ESA) 
2012 Lab1S6 ALTEA (ASI-NASA) 
2012 ColER3 ALTEA-shield/shield (ESA) 

ALTEA runs 

2006 
DOSI 

Lab1P1 

2011-2 
Survey pos 4 Lab1S6 

2012 
Shield ColER3 

≈ 7 years of space ≈ 3.6 years of measurements 



Survey: time and positions 



ALTEA X Y Z configuration 



Survey: positions 



Survey: position 1 09-20-2010 
10-04-2010 

14 



Survey: positions 



Survey: position 2 10-15-2010 
11-30-2010 

40 



Survey: positions 



Survey: position 3 04-24-2011 
07-22-2011 

90 



Survey: positions 



Survey: position 4 07-23-2011 
06-07-2012 

263 



Survey: positions 



Survey: position 5 06-08-2012 
11-15-2012 

151 



Pre analysis 

Pedestals subtractions  
 
Normal incidence 
 
Single tracks 
 
Region selections (  High Latitude as best replica of deep space) 
 



Selections: eliminate SAA 1 

One point per minute, SDU2 



Selections: eliminate SAA 2 

One point per minute, SDU2 



Selections: eliminate SAA 3 

One point per minute, SDU2 



Flux XYZ: all data 



Flux XYZ: data without SAA 



June 7th 2011 
72 

Sept 23rd 2011 
35 

Aug 4th & 9th 2011 
96 & 26 

Mar7th & 13th 2012 
6530 & 469 

May 17th 2012 
255 

July 7th  & 12th 2012 
25 & 96 

Sept 28th 2012 
28 

In red: flux of p > 10 MeV measured by GOES 

data without SAA: SPEs et al 



SPEs from GOES 



The march 2012 SPE (<XYZ>) 



Averaged results 



Results: averages per position 

High Latitude 



Results: average per pos./direct. 

High Latitude 



The averaged quality factor Q 



Daily results 



Flux vs time  



Dose & Dose Eq rates vs time 

High Latitude 



Q vs time 

High Latitude 



SAA variability, pos. & alt. 



SAA variability, pos. vs alt. 



Spectra 



Spectrum X direction 
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Spectrum Y direction 
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Spectrum Z direction 
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Spectrum Low Latitude XYZ 



Future 



Light Ion Detector for ALTEA: LIDAL     (selected by ASI) 

LIDAL 

Rationale:  
1)expand ALTEA energy acceptance window to include all H and He 
2)provide a direct measure of ions kinetic energy 
 
Plan: 
Build a system based on fast scintillator detectors to be used as ToF and as trigger for ALTEA 
 
 • Two Detector Units (DUs) to be positioned at the end of a Silicon Telescope (ST: 1 or more SDUs) 
 • Each DU made of thin plastic scintillators (full ST field of view covered) 
 • Scintillators will be segmented in the two orthogonal directions (provide first position/tracking) 
 • Scintillators read by Silicon Photomultiplier (SiPM)  
 • Resolution aimed to be better then 100 ps 
 
-ToF measurements provide energy determination 
-Signal from DUs can be used as ALTEA trigger 
 
STATUS: favorable reviewing from ASI, waits for financing (probably next year). Upload NET 2016 
 On the ISS NET 2016 



LORE = µALTEA 

• Results from ALTEA can be used for testing configurations and software for a miniaturized 
device 
 
    A step towards miniaturization & modularity. 
 
• Miniaturizing decreases performances and the compromise could come from modularity: 
a combination of these µdetectors would improve performances if/when needed 
 
• Physics measurements (Energy loss, Z Ein) separated from risk oriented calculations (to be 
performed in firmware)  

Light Observatory for  Radiation Environment: LORE 

Study for best sensor material as well as optimized firmware  



Conclusions 

• Throughout 3D study of the radiation environment in the ISS – USLab (+Columbus ER3) 2010-
2012 using the ALTEA detector system.  
• Aimed at the understanding of the radiation environment in the ISS, and at building a database 
useful for deep space model validations,  
• Using the selection capability of the system the ISS is indeed the best available replica for deep 
space radiation measurements.  
• Data from several SPEs requires further analyses to understand the proper solar parameter set 
to to be linked at the SPE effect in a spacecraft. 
• The radiation flux is shown to be roughly similar across the different positions/directions 
• The radiation quality features a larger variability, mostly due to the shielding distribution along 
the three ISS axis.  
• The Dose Equivalent, and the quality factor Q well describe this variability. 
• The amount of variability (reaching a factor 3) suggests careful considerations when designing 
spacecrafts and planning countermeasures for long manned missions in deep space.  
• The presence of the radiation from the SAA strongly modifies the measured radiation pattern, 
with time dynamics that appears difficult to predict. Care must therefore be taken when 
interpreting integrated results.  



A final comment 
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+ others joining in 

JAERI, Japan 

ALTEA: the international team 

Thanks to ESA, ASI, NASA and ISS crews! 



Thank you for your attention 
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