AIT=A measurements in 2006-7 and during the December 2006 SPE.

Results of the latest analysis
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Summary

Overview of the ALTEA-Space experiment
» Energy Loss Spectrum (2006-2007 data)

Solar Flares Introduction

December 2006 SPE recorded by ALTEA-Space
» Particle Rate

» Energy Loss Spectrum

» Landau fit and results

» Fluxes comparison

Conclusions



ALTEA-Space experiment

ALTEA-Space is the main on-space experiment of the ALTEA project,
aimed at studying the cosmic radiation and its effects on astronauts
during space missions, with a focus on the

Light Flash phenomenon

 Composed by six silicon telescope particle detectors arranged on a 3D
(helmet-shaped) structure

e Characterized by two main operative configurations:
Central Nervous System Monitoring and DOSImetry

» CNSM sessions: in collaboration with astronauts for the Light Flashes perception
» DOSI mode: measurements of the radiation field composition inside the ISS



ALTEA-Space architecture

EEG

Pushbutton § : 28 monopolar channels
S0 (e, 4 bipolar channels

Acquisition Rate: 1 Khz
:;::;l:::ndn::m, ADC dynamics: 16 bit

LTU

NASA IBM Laptop
User Interface

2 SDS

Silicon Detector System
composed by 6 SDU (Silicon Detector Unit)

DAU SDU: 6-plane silicon telescope ~ VS U ~~
iai iciti i Planes are alternately along X and Y directions
Digital Acquisition Unit Two 8x8 cm? sllicon chips on each plane Visual Stimulator Unit
Maximum Acquisition Rate: 700 Hz silicon thickness: 380 pm Two color LCD-TFT oculars
Acquisition modes: Chips are divided In 32 strips with 2.4 mm pltch XGA 1024x768 plxels at 60 Hz
Normal Mode - Full Mode Each couple of planes features a 32x64 grid Fleld of view: 35° dlagonal (21°V 28°H)
Distance between two X-Y planes: 3.75 cm Luminance 5-50 FL - Contrast 40:1
Maximum error of angular reconstruction: +1.8° 256 colors out of a 16 mlllion colors palette
Geometrical factor: 160 cm2 sr (bidirectional) Video memory: 2 Mb »
\ .

Threshold: 5 MIP (Minimum Ionizing Particle)
Saturation: 2400 MIP
(1 MIP = 109 KeV on each silicon plane)

ADC dynamies: 12 bit
R\esolutlon: 0.67 MIP/ADC ch /




ALTEA-Space facility on board ISS

*Operative between August

2006 and July 2007
~ 180 000 000 events

e ALTEA will be reactivated
on February 2009



Energy Loss Spectrum

e Unfiltered Energy Spectrum
o After Data Processing
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Data Analysis

= data analysis procedure:
= dynamical pedestal subtraction
= maximum energy loss per plane
= alignment check and angular correction

o fast event selection rule :
[(AE,+AE,) - (AE,+AE,)] / max[(AE,+AE,), (AE,+AE.)] < R
where AE_ 1s the energy loss value in the plane n

R=0.1
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December 2006 Flare

e A Solar flare occurred in the period between 5
and 16 December 2006.

e ALTEA was active inside the USLab until 14
December and recorded the SPE dynamics.
— Observation time during the flare: 631560 s
— Detected ions : 2031954



Solar Flares

They appear as sudden and intense brightenings in the solar
atmosphere caused by violent explosions in the chromosphere, lasting
from minutes to hours. They occur near sunspots when magnetic
energy built up in the solar atmosphere is suddenly released (energy
emissions up to 10 2° J). As the magnetic energy is released, particles
(including electrons, protons and heavy nuclei) are heated and
accelerated.

@ —— Approx. size of Earth

Understanding the influence of a SPE on the radiation environment
inside the ISS plays a relevant role in the estimate of the risk for
astronauts



Solar Flare

*Solar Flare typically occur near sunspots, usually
along the dividing line (neutral line) between areas
of oppositely directed magnetic fields

*The key to understanding and predicting solar
flares is the structure of the magnetic field around
sunspots. If this structure becomes twisted and
sheared then the magnetic field line can cross and
reconnect with the exsplosive release of energy.

*There typically is a correlation between the
frequency of flares and the number of sunspots on
the Sun.

«Solar activity varies with a 22-year cycle (the Solar
Cycle). At the peak of the cycle there are typically
more sunspots on the Sun, and hence more solar
flares.




Solar Flare Particle Rate

35 -
30 ~
25 -

15 -

Particle Rate {part/s)

10 -

5 - <" : ud fct
N

4-dic 5-dic 6-dic 7-cic

SAA

7~

NSN—

8-dic

9-dic

10-dic

FLARE

11-dic

12-dic

13-dic

14-dic 15-dic

« ALTEA (1 SDU) Particle Rate




Energy loss spectrum for fast particles

00 -H\ &
Uﬂ ND \j ]W‘J 4\'1: ';\‘19 “ﬂg s
“ | | o WF’? '{'{ kﬁl , )J?l f | 5
100 ” U \ N& - w HW] Y!ﬁﬁ JJ{' WWK’ Np)h | cl
: g | rL | h
W s "Wighy

1 WMW ki \n, I

0 200 400 600 800 1000 1200 1400
ADC channel



Events )

10

b

= IIII|

Landau fit of energy loss spectrum




Relative Nuclear Abundances
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There is no significant difference in the relative nuclear abundances of the
flare compared to a sample week in november o
.. but




Nuclear Particle Rate
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There is a significant difference in the nuclear rates:
* Increase of ion rates for ions with Z<=5
e Decrease of ion rates for ions with Z>5




Flare dynamics: daily ion rates
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Daily Landau fits
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Comparison with ACE
(Advanced Composition Explorer)

Samples low-energy particles of solar origin and high energy
galactic particles

Provides near-real-time continuous coverage of solar wind
parameters and solar energetic particle intensities

Carries 9 scientific instruments
- the Solar Isotope Spectrometer (S/S) designed e
to provide high resolution measurements of the '
isotopic composition of energetic nuclei
but

— Few energy ranges to compare with

— Boron notincluded



* Introduction

e The Solar Isotope Spectrometer (SIS) is designed to provide high resolution measurements of
the isotopic composition of energetic nuclei from He to Ni (Z=2 to 28) over the energy range
from ~10 to ~100 MeV/nucleon. During large solar events, when particle fluxes can increase
over quiet-time values by factors of up to 10000, SIS will measure the isotopic composition
of the solar corona, while during solar quiet times SIS will measure the isotopes of low-
energy Galactic cosmic rays and the composition of the anomalous cosmic rays which are
thought to originate in the nearby interstellar medium. The solar energetic particle
measurements are useful to further our understanding of the Sun, while also providing a
baseline for comparison with the Galactic cosmic ray measurements carried out by CRIS. SIS
has a geometry factor of ~40 cm?-sr, which is significantly larger than previous satellite solar
particle isotope spectrometers. It is also designed to provide excellent mass resolution

during the extremely high particle flux conditions which occur during large solar particle
events.



Particle rate (part/s)

Comparison with GEOS proton flux
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Conclusions and future work

ALTEA-Space measures

Increasing rate for 1ons with Z <=5

Decreasing rate for 1ons with Z > 5

Nuclear absolute fluxes

Study of “slow” particles using recognition methods
Improvement of the filter on fast particles
Correlation with ISS attitude
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Detectable lon Energy Range

10 MIP 5 MIP
H 25% 45 100
He 25%* 250 > 2000

* 1s for Bragg peak...
** 1s for saturation...

...1n the last of the six silicon planes

filter filter

threshod threshold
(MeV/n) (MeV/n)

H 42 Si 122

He |42 P 125

Li (48 S 134

Be (57 Cl [135

B 65 Ar 135

C 75 K 140

N 83 Ca |149

O |90 Sc |146

F 95 Ti 148

Ne (100 Vv 150

Na |105 Cr |160**

Mg (112 Mn [170**

Al 117 Fe |187**
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