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ALTEA: a program for
e the study of the radiation environment in the ISS
* the understanding and characterization of the interactions between
ionizing radiation and Central Nervous System functions




The ALTEA program

Several experiments in space and on ground aimed at the study of the

Influence that radiation in space has on CNS functions.
(example : the anomalous phosphene perceptions reported by astronauts)

* Investigate radiation environment in the ISS
* Find the ions (energies) with the highest interaction probability with CNSM functions
 Propose CNS functions - risk parameters

« VValidate models and extrapolate results in different external conditions (such as
Interplanetary missions) using the simulations

» Test different materials as shields for such ions (energies)
« Understanding the basic mechanisms for the interactions

 Propose countermeasures.
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ALTEA program: a multiple approach
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 ALTEA - space / shield

DOSI / survey: measures radiation environment (survey: in different ISS sites)

CNSM: (CNS monitoring) measures the astronaut’s electrophysiological
activity, his/her visual system status, the ions through their brain and the
time when they perceive phosphenes (1 measurement session: 1.5 h)

Shield: measures the shielding effectiveness of different materials

ALTEA has been launched with STS121 on July 4th 2006

DOSI operation started on Aug 17th 2006 ended July 27 2007

data taking will be resumed in Rome and at JSC-SRAG (ASI-NASA
collaboration) as soon as porting of the sw is completed

CNSM operations started on Dec 17th 2006 (7 sessions completed)




Studies the electrophysiological responses of mice under irradiation
with very short 1on bursts

e ALTEA-HIT

Investigates the electrophysiological responses of patients undergoing
Heavy lon Therapy for brain tumors, when they perceive anomalous
phosphenes

« ALTEA - biophys

Studies the possible interaction between ionizing radiation and CNS
structures. First investigation iIs aimed at rhodopsin




ALTEA - space

ALTEA: photos of the hardware

ALTEA during final tests at KSC
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ALTEA - space

SDU reads from
200 MeV<1H<30 MeV
To %Mo > 1GeV/n

SDU: Silicon Detector Unit

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=10% KeV/plane)
ADC: 12 bit

DAU SOFTWARE PARAMETERS:
Resolution: 0.64 MIP/ADC ch
Maximum Acguisition Rate: 700 Hz
Autotrigger (logic OR or logic AND of X
planes, software switchable)

Photos of TM model




ALTEA - space

Examples of the many screens for
the on line acquisition / analyses /
monitoring
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ALTEA - DOSI

Spectrum of the relativistic ions (about 6 months)
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ALTEA - DOSI
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Relative abundances: Comparison with outer space and with Alteino (PIRS module)

Relative Abundances (DOSI Normal 10)
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ALTEA - DOSI 3p capabilities

Off line work just started

e counting differences
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ALTEA - DOSI

Measurements of radiation flux during the Dec. 2006 solar flare

ALTEA DOSl 7—14 Die 2Z006: Particle Countings
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Measurements of radiation flux during the Dec. 2006 solar flare

Relativistic Particle Rate
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ALTEA - DOSI

Measurements of radiation flux during the Dec. 2006 solar flare

Spectrum for Z = 4 - 26 for the 4 periods of intense solar activity (Dec 7th, 8th, 13th, 14th)
and for the neriod Dec 8th - 12th

10

B 7 Dic 2006

N B Dic 2006

W 13 Dic 2006

B 14 Dic 2006

B B-12 Dic 2006

01 41

Part/s

001 A

0.001 ~

(]|
.

9 10 11 12 13 14 15 16 17 18 15 20 21 22 23 24 25 26




ALTEA - DOSI

Landau fitting of the data (work in progress)

10° 5|
L c
" B
2 | S 0
c 1 g
) s N
5 10* \L\
> F
£ \ w, Ne Mg
S | * N N
Z . I.I' M ﬁ
3 ;
10 | | 2 =
] sl _ﬁ.
%';. Lk
| “k’i
10% ¢ N\ N
||||| :.HI'%J,|| | |\|| o= | [ A I R A

T . N IR AR |
150 200 250 300 350 400 450

ADC ch.

0 50 100




ALTEA - CNSM

CNSM sessions performed

ASTRONAUT DATE
Phosphenes
perceived
Christer Fuglesang 2006: GMT351
(Dec. 17th) 12
Mike Lopes Alegra 2007: GMTO066
(March 7th) 4
Sunita Williams 2007: GMTO067
(March 8 th) 1
Mike Lopes Alegra 2007: GMTO079
(March 20th) 0
Sunita Williams 2007:GMTO080
(March 21th) 1
Mike Lopes Alegra 2007: GMT095
(April 5th) 1
Mike Lopes Alegra 2007: GMT108
(April 18th) 1 Sunita Williams during a CNSM session




ALTEA - CNSM

QuickTime™ and a
YUV420 codec decompressor
are needed to see this picture.




ALTEA - CNSM

Subject 1
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Responses from Retina (subj 1)

Bottom (red): averaged response from Visual flash Stimuli (VS) from a LED.
Top (blue): two candidate responses from relativistic particles traveling through
the right eye (see trajectory sketches, in red, on the top left)




ALTEA - CNSM

Particles
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ALTEA - CNSM
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Bottom (red): averaged response from Visual flash Stimuli (VS) from a LED.

Top (blue): candidate response from a relativistic particle. The particle hits the
astronaut’s low posterior head, but depending on head’s inclination it could pass
through the eye (see trajectory sketches, in red, on the top left)




ALTEA - CNSM
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ALTEA-MICE (ground)

Individual mice responses

Responses following 2C bursts over the retina

Averages + sd

From light
From 12C bursts \

Amplitude (pV)

v
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Time from light or '2C burst (ms)

Electrophysiological responses of the mouse retina to *2C ions
Sannita et al. Neuroscience Lett. (2007).




ALTEA-HIT (ground)

e During Heavy lon Therapy at GSI (FRG) many patients reported

perceiving phosphenes.

» \We measured electrophysiological responses from these patients.

The positions of the electrodes

Always the same region (in red) is
irradiated when the phosphene Is
perceived (PB pressed)

amplitisde (pis)

5 i 1 1 i 1 i 1 1 i
-4000 -3500 -3000 -2500 -2000 -1500 -1000  -500 0 500 1000

latercy from PB {ms)

A possible candidate response: an
averaged electrophysiological signal
about 400 ms before the PB




ALTEA - biophys (ground)

e

* Experiments aimed at studying the interaction mechanism(s)
between radiation and CNS

o First experiment aimed at rhodopsin (at the start of the photo-
electronic cascade in the visual pathway): activation (bleaching) of
rhodopsin with different doses

Radiation activates rhodopsin
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ALTEA - shield

ALTEA - shield uses the ALTEA hardware with different
holders and harness, it may be divided in 4 steps

1. Survey: survey the radiation environment within the
habitable volume of the ISS

— identification of hot and cold spots for CNS
functional risks

— validation of computer models that will provide
description of the radiation flux, transport through
the spacecrafts materials, shielding efficiency,
interactions and dose deposited in the human brain.

2. Ground base tests of shielding materials (irradiation
measurements & mice EEG measurements)

3. Shield: 1SS-based tests of above shielding

4. CNSM with shielding




ALTEA - shield a

ACTIVITIES flux diagram (no time scaled)
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ALTEA data- status and
perspective in space

We have = I year of DOSI data + 7 CNSM easily accessible

Late 2007 / Early 2008: DOSI ops up again
Late 2008: shield starts (survey)
shield
shield-CNSM

ALTEA reflight

ALTEA2




The ALTEA international collaboration
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Thank you for your attention




