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• Measure of cosmic ray abundances and radiation environment on board the 
ISS (p-Fe >50-100MeV/n)
•Study of the effectiveness of different shielding materials on board the ISS –
in parallel to Montecarlo and Beam Test studies 

•Measures with passive dosimeters  (JAXA, DLR, Fed II, INFN, INFN-LNF)

•Joint measures with Matroska, Pamela, Altea, CPDS 

•Long term monitoring (>2005) of solar modulation and solar particle events.
•Operational since end 2005 up to now (Exp 12- 17)

Altcriss 
Alteino Long Term cosmic ray

measurements on board  the ISS
•In response to AO  2004 ESA (AO2004-067)



Shielding and radiation measurements on ISS with 
active and passive detectors

•In Space: ISS, global measurements

•On Ground: Beam  tests, controlled 
conditions, single ions

•On Computer: Montecarlo 
Simulations, Cross check of codes 

Alteino Jaxa DLR Napoli Fed. II INFN-LNF

TLD, CR39 to measure charged particle
and neutron dose



Shielding bag 

Polietilene shielding: (5g/cm^2):
(Same thickness of the US section of the station)
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Multimaterial Shielding
And dosimeters

Alteino detector

Poliethilene shielding
And dosimeters 

Data cards and control dosimeters

25 September 2006



Sileye-3 locations
•Service module

Main body
Cabins
Forward Section

•Pirs docking module
•FGB 



Brasilian As
Marcos Pon
5/4/2006



Christer Fuglesang, STS-116 Dec, 2006



Shielded POLY 1

Shielded POLY 2

SPACE 
CONTROL 
(unshielded)

GROUND 
CONTROL

from A. Nagamatsu, JAXA

PASSIVE DETECTOR RESULTS: JAXA CR-39+TLD results 



Shield      Shield    No Shield
from T. Berger, DLR

PASSIVE RESULTS: DLR TLD



SPADA SPAce Dosimetry for AstronautsPASSIVE RESULTS: Univ. Napoli 

Polietilene shielding (ALTCRISS)

Flight Test Dose
(Polyethylene)

Dose
(Space Control)

EXPEDITION 12 0,20 0,22

EXPEDITION 13 0,22 0,26

EXPEDITION 14 0,21 0,23

Dose in mGy/d

from M.Durante M Pugliese, U Napoli



Conclusion for Passive shielding

5 g/cm^2 poliethilene reduction of about 10%
(in agreement with calculations)

Continue data taking in one fixed location with/without 
shielding (Exp 18 – 1 year)



Left:  AST detector tower  open (without readout electronics): it is possible to see the stack of  silicon
detectors and the top scintillator (the detector is upside down). The bottom scintillator has been
removed for clarity. Rigth: One of the 8 silicon detector boards (X view). It is possible to see the
segmentation of the 32 strips of the detector. (Photos taken during   assembly in the clean room
facilities of Tor Vergata )

Sileye-3
detector:

•8 silicon planes (4x,4y)
•32 strips strip pitch 2.5 
mm, 8x 8 cm2, thickness 
380  µm
•Total 256 Independent 
channels
•Triggered by two 
scintillators 
(Emin=40MeV/n)
••Geom Fact: Geom Fact: 24 cm24 cm2 2 srsr
••Bidirectional Bidirectional 
••Max Max FieldField of of viewview 3939oo

• The front-end is a 
developed version of  two 
16 channels CR1 chip with
a peaking time of 2 µs; a 
sensitivity of 5 mV/MIP 
and a maximum counting 
rate of 30 kHz.



Poles
Equator

SAA

ALTEINO Real Time Data: Acquisition rate vs time
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All-Particle
count world mapSAA

Heavy Nuclei



Nuclear Aundances    (Pirs module)
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Flux Comparison: Crew Cabins – Pirs Module
(normalized by time)

Blue: Pirs Module

Black: Ports Ext wall   Hor.

Red: Starboard Floor (Vert)

C
ON

Mg

Ca

Energy released (ADC Channels)

R
el

at
iv

e  
F l

u x
 (A

r b
. U

n i
t s

)



Nuclear Aundances    (Service Module)

Card 925 – November 2006 – Panel 326



Nuclear Aundances    (Service Module)

Card 933 – August 2007 – Panel 326



Nuclear Aundances    (Service Module)



Nuclear Aundances    (Pirs Module)

Card 940 – December 2007 - Back in Pirs module 



Comparison BCNO – Service Module (Matroska location)/ Pirs
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Shielding effects on fragmentation

Blue: Pirs no shielding 

Magenta:Pirs 5g/cm^2 polyethilene
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Relative abundances comp. 

Normalized to 
C=10

•More heavies in 
Service module

BLACK: Pirs 
no Shield

RED: Service 
Module Main 
Body With 
5g/cm^2

Shielding



Relative abundances comp. 

BLACK: Pirs 
no Shield

RED: Service 
Module Main 
Body With 
5g/cm^2

Shielding
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Conclusion for Active  measurements
Strong flux variation in 
different region
Strong relative abundance 
variation between regions

Shielding affects 
nuclear abundances
Fragmentation 

distribution

Continue data taking in one 
fixed location  mostly 

without shielding (Exp 18)
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Compared  Measurements

Of crucial importance to determine particle flux variation in 
different points of the magnetosphere and ISS. 
Different detector response, shielding ecc.  
Particle propagation in geomagnetic field and inside ISS

•Altea (1-7-06)

•Pamela  (15-6-06)

•IV-CPDS EV/CPDS (NASA)

•Matroska-II 
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Some Pamela Results 



Solar modulation at minimum of solar cycle XXIII years 2006-2008

July  2006
August  2007
February 2008

Spectral index 
2.76 ±0.01
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Solar modulation parameters
φ(GV) error

JUL06  5.01-01 ± 2e-03
JAN07  4.16-01 ± 2-03
AUG07 4.02-01 ± 3-03 



Trapped proton flux in the Van Allen belt 
(South Atlantic Anomaly)

Black  B > 0.3 G
Red 0.22 G < B < 0.23 G
Blue 0.21 G < B < 0.22 G
Green 0.20 G < B < 0.21 G
Pink 0.19 G < B < 0.20 G
Turquoise 0.19 G > B
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Trapped

Galactic

Integral Pamela flux
(E>35 MeV) 

(PSB97 plot by SPENVIS 
project, model by BIRA-IASB)

A γ0 γ1 χ2/ndf

nero 0.11±0.01 6.0±0.4 3.1±0.5 7.1

rosso (2.3±0.3) 10-2 5.9±0.5 2.6±0.6 6.8

verde (5±3) 10-4 8.1±1.8 4.7±1.8 10.

)( 10 EEA γγ +−=Φ



Primary and Secondary spectra (preliminary)

RED:    JULY 2006
BLUE: AUGUST 2007
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Proton selection in Stormer Vertical Cutoff bands



Quiet time spectrum

December 13th  2006 event

Preliminary!

Impulsive increaseDecrease of high 
energy componentIncrease of low 

energy component

Magnetic Field

Neutron Monitor

X-ray

P,e-



Kyle Neary

Forbush Decrease from space

T (days of Dec 2006)
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Increase of 
Trapped electrons 
in Dec- Jan 
Due to electron 
immission by 
solar particle 
event



Febo/Sirad 

• LET tiraxial measurement

•Low energy cosmic rays with  
SiPM 

• UV background measurement

•Silicon detector stack

•32 planes

1. Phase A of mission of
oppotunity ASI  

2. Express Pallet (out)

3. Internal device (smaller)





PIRS – Service Module comparison

Nero – PIRS (2672 entries) – 40 hours
Red – Service module (Crew Cabin) – 4319 entries –45 hours

C

ON

Mg Ca FeNe

Higher flux in the crew cabin 
(according to calculations)
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