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December 1998-March 1999 m=asured by NINA, togethar with data of 1998 Decemnber-1999 March measursd by NINA, togethar with data of
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Solar Energetic particles

Old Picture:

Fig. 2.1. A paradigm shift.

Powered by solar activity:
Solar flares

(small, local acceleration,
3He rich)

«Coronal mass ejection
(large, shock acceleration)

Reames, 1999
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Figure 3. Representative profiles for actual events at 20 MeV for observers at different locations relatve to an
interplanetary shock. The differing intensity profiles can be understood in terms of shock acceleration and the large scale

structure of shocks. See Cane et al. [1988].
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Fig. 12— Mass reconstzuction (Enersy _ 9 MeV a=!) for the hydrogen isosopes for the 1998
November 6 and 1995 Nevember 24 SEP.
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Figure 3. Differential energy spectra of secondary proton,
deuterium and trittum at L-shell < 3 and B = 0.26 G, as
measured by NINA-2.
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Figure 5. Albedo *He/*He ratio. as measured by NINA
and NINA-2. AMS lower limit for L-shell < 2.2 is also
shown.
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Figure 4. The (left) *He and (right) *He differential energy spectra measured inside the SAA by NINA
(squares) and MAST (circles). The solid and dotted lines represent the calculated helium flux at
equatorial pitch angles o, = 807 and «q = 707 respectively, assuming atmospheric helium as the source of
secondary production [Selesnick and Mewaldi. 1996]. The thick line is the sum of the p + Heand p + O
contributions at oy, = 80°.
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Figure 3.  Mass distributions for geomagnetically trapped (left) He and (right) H isotopes measured at
shell < 1.2 and B < 0.22 G. The shaded area represents the estimated background.
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Light Flashes:
Interaction Between Cosmic Rays
and Human Visual Apparatus

*Probe to Central Nervous System effects and/or other interactions
between cosmic radiation and human body

COSMIC RAY

INCIDENT PROTON

Different mechanisms proposed

1. Cherenkov light gL
2. Direct retinal 1onization ‘
3. Knock-on protons
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, which give the triggerx
and define the geometry of the system. They are
located on top and bottom of the device and are
used in coincidence to trigger the acquisition
when the device is crossed by a cosmic ray.

«8 silicon strip detector planes.

There are 4 planes with strips-oriented
in-the X direction and 4 planes
oriented in the Y direction to provide a
stereoscopic view.of the.tra

The acquisition system consists of @ P€-104"based" 2 P
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LAZIO - Sirad experiment

Technological demonstrator = science

*New “Lazio” detector
L ight Flash observations

*Alteino + shielding material

*User centre in Tor Vergata - Altea




|_azio-Sirad

28 kg payload.

6 different
experiments/detectors linked
together involving:

» Technology demonstration
(SI-PM, Magnetometer) = <.
> Life science %

> Radiation environment E=f
» Relationship between
seismic phenomena and

radiation belts.




Lazio-MEB

Silicon-Scintillator Tracking Calorime &

«Study of nuclear (>40MeV/n) and elec ¥
components inside ISS.

«Study of spatial, angular dependence al
(in long term) of magnetic perturbations
40cm”2 sr

3 scintillators

4 double sided microstrip detectors 16*7
cm

16 Silicon Photomultiplies Tiles

One-axis magnetometer (EGLE)

PC-104 acquisition with PCMCIA cards







Altcriss Scientific Objectives

e Long term measurements of cosmic ray and radiation environment on 1SS
(p-Fe >50-100MeV/n)

sEffectiveness of different shielding material. Effect on nuclear abundances
*Passive dosimeters (JAXA, DLR, Fed II)

«Joint measurements with Pamela & Altea

*Solar Particle Events



ALTCRISS collaboration

Dr. Francis Cucinotta, NASA

Prof. Marco Durante, University of Napoli

Dr. Christer Fuqglesang, EAC

Dr. Cesare Lobascio, Aleniaspazio

Dr. Aiko Nagamatsu (JAXA)

Prof. Livio Narici, University of Roma Tor Vergata
Prof. Piergiorgio Picozza, University of Roma Tor Vergata
Dr. Guenther Reitz (DLR)

Prof. Lembit Sihver,University of Chalmers (SE)
Prof. Piero Spillantini, University of Florence

Dr. V. Bengin (IBMP)




SPECTROMETR AST

Ray Tracing Results

Shielding (pathlength in assigned material) along each of 5000 rays is color-
coded to the total amount of shielding [g cm?]; thinnest shielding is white,

Top View
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TeSS radiation bricks placed in starboard ctew quarters




Acquisition Rate during mission

Rate (part/s)

AC

tempo
Entries 2142334
Mean 65.18

RMS 36.49

22000
20000
18000
16000
14000
12000

10000
8000

IIIIIIIIIIIIIIllIIIIIIIIIIHIIIIIIIIIIIIII

NSN|N| N

H i ﬂ

Tm (h)

-




Particle Flux

Yay
v
L)

‘e,

e ey
..




Effect of shielding on nuclear abundances

; S ; =18
= (R Xse 1
' Entries 2672
Mean 2.511e+004
- RMS 1.99e+004
C _ .
120 Black — Dati 26/12/2005 No shield O/C=0.9
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Nuclear Abundances (2002) — Pirs module

newene_angolo _h ewaneangeloh
Nent = 11755
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Difference PIRS — Service Module

" _ys—e 1 - - Xse 1
Entries 2672
= Mean 7.296e+004
250 u Nero — Modulo PIRS (2672 entries) — 40 ore
- Rosso — Modulo di Servizio (Crew Cabin) — 4319 entries —45 ore
200
-] C
150
100
50|~ Fe
0_ T ><103




ALTEA

!

*Currently at JSC 19 WANC
12 times Sileye-3 § e
Scheduled for next | ‘
Shuttle launch... -
*6 Light Flash Sessions |

with astronauts

eStandalone mode:
three axis detector

Shielding studies




ALTEA - space

Experimental protocols

Manned: 6 sessions
the astronaut’s electrophysiological
activity is measured concurrently
with the particles passing through
her/his retina/cortex (energy
released, trajectory, 2)

ALTEA HELMET RESTRAINED
WITH PERS STRAP, SINGLE
96M70978

Unmanned:

The detectors are tilted 90°

downwards to minimize
protrusion.

The detectors are ‘on’
continuously.

Data is downlinked in real time
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Time \

of Flight

(three scintillators,
6 planes, 48 phototu

Magnetic (0.4

Spectromete M XIS IR
Microstrip ST TR i N
detector

(6 double sided iy bR T
microstrip planes jﬁf{o Ny
Silicon N |
Tungsten

Tracking

Calorimeter
(44 planes of 96 strip)

Shower
Catcher
Scintillator
Neutro
Detector




The PAMELA apparatus

Spatial Resolution
ANTICOINCIDENCIE = 28 I‘“Im bendlng VIEW
e = 13.1 um non-bending view
—— —— ANTICOINCIDENCE

—— T '

R MDR from test beam data=1TV
ANTICOINCIDENCIE S
Calorimeter Performances:
e p/et selection eff. ~ 90%
TOF (S3) e p rejection factor ~ 10~
e e rejection factor > 104
CALORIMETER
4 GF —20.5 cm?sr
D e Mass: 470 kg
Size: 120x40x45 cm?3
ND p/e separation capabilities >10 Power Budget: 360 W

above 10 GeV/c, increasing with energy



Time of Flight / Scintillator

*6 X-y layers arranged on 3 planes;

* 48 channels.

*Albedo rejection

Part ident. Up to 1 GeV with 150ps resolution

*Nuclear identification up to Oxygen

DIMENSIONS

s11 | 8 3302x 51 2 mm 3572
mm mm

s12 | 6 4082x 55 2 mm 3852
mm mm

S21 | 2 1802x 75 5 mm 3752
mm mm

s22 | 2 1502x 90 5 mm 4502
mm mm

s31 | 3 1502x 60 2 mm 4202
mm mm

s32 | 3 1802x 50 2 mm 3502
mm mm




The permanent

= 5 magnetic modules

= Permanent magnet (Nd-Fe-B alloy)
assembled in an aluminum mechanics

= Magnetic cavity sizes (132 x 162) mm? x 445
mm

= Geometric Factor: 20.5 cm?sr
= Black IR absorbing painting
= Magnetic shields

|
MAGNETIC FIELD MEASUREMENTS

= Gaussmeter (F.W. Bell) equipped with 3-axis
probe mounted on a motorized positioning device
(0.1mm precision)

= Measurement of the three components in 67367
points 5mm apart from each other

= Field inside the cavity 0.48 T at the center

= Average field along the central axis of the
magnetic cavity : 0.43 T

= Good uniformity

= Measurement of external magnetic field -
magnetic momentum < 90 Am?

228 mm
132 mm

-BY (Tesla)

PAMELA field along the Z axis

Q

F e
:

Average field = 0,43 T

.................
...............
""""""

magnetic cavity (436 mm)

I T B B
=250-200-150—-100 =50 O

P R N B R
50 100 150 200 250
Z {mm)

e sttiiunnnn
TR
LT TSP RIS TS SSeT,
COER
ARSI
ety
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The tracking system

X side (junction)

53.33 mm

2035 p+ strips

Y side (ohmic)

53.33 mm

6 detector planes composed by 3 “ladders” ] for each detector [ HHEEFEE | 1024 "o strips
E E EFH | T h detect
) 8 Implantation 8 T NS
=Mechanical assembly N Pit;gis " [[[11] | !mplantation pitch:
» no material above/below the plane LLLLLLLLL =20 (i) S
(1 plane =0.3% XO) Readout pitch: 4 ((-({] Readout pitch:
. ; 51 um 1L HEEH-
= carbon fibers stiffeners glued laterally : g g [JEREEERT | OTem
to the ladders s _— = HEHEE
. . 1EEEET || 1024
= Jadder : - 2 microstrip silicon sensors electrodes LLtEEEHR || etectrodes

R o o e | B
hybrid Y
T—'X

8 x 128 = 1024 channels

hybrid

-1 “hybrid” with front-end electronics
= silicon sensors (Hamamatsu):
* 300 mm, Double Sided - x & y view
* Double Metal - No Kapton Fanout

50.00 mm
50.00 mm

8 x 128 = 1024 channels

= AC Coupled - No external chips
= FE electronics: VA1 chip

* Low noise charge preamplifier -

» Operating point set for optimal

Ja

-

8 ¢

compromise: g ‘
= total FE dissipation: 37 W on 36864 | L
channels a |

* Dynamic range up to 10 MIP

*"DAQ: 12 DSPs
» data compression (>95%)
= on-line calibration (PED,SIG,BAD)




s, = (2.77 % 0.04) pm

0

10
plane 3, X side 5 (ham)

s, = (13.1£0.2) pm

220 0 20 40
plane 3, Y side 5 ()




Calorimeter

22 planes each with a tungsten
layer 2.6 mm thick and 2 silicon
detector layers (thickness 380 u
m)

Each W layer is 0.26 cm (0.74X,

16 radiation lengths (0.6 Cwene_angoio ] ‘ ' Wg.h

Interaction length) deep w O 5001000 1500 2000 2500 3000 350 heor - rom
= RMS = 2.039e+004
96 strips 2.4 mm wide per silicon 10' - Sileye-3 nuc. Id. (8 planes) s
layer L e
_ 10° | —16
Strips along orthogonal _ - >
directions between the 2 layers of 10 L _ho
each plane - g
Total number of channels 4224 - | H HH | H H H H a0?
Wide dynamic range = 1-1200 0 1000 1500 2000 2500 3000 3500 4000
ADC ch

mip (proton — above iron)



Neutron Detector

Lebedev Physical Institute Academy of Science, Russia

36 3He containers (2
planes)

*9.5 cm polyethilene
moderator enveloped in
thin cadmium layer.
*60x55x15 cm3, 30 kg,
10 W

*(10% eff for E<1MeV

n)

*Triggered counts

*Background counting
Plane 1
Plane 2

3He tube
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Fig. 2. Upper panel: number of neutrons generated by a primary
electron with £=5x10"! eV (and its secondaries) at different levels
of the calorimeter due to hadron (H), photonuclear (PhN)
interactions (without a giant resonance), and a giant resonance
(GR). Lower panel: the same as at the upper panel but for a
primary proton of the same energy.
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File: DW_050518_001.dat - Event number: 206

Progressive number: 43

On Board Time: 214530 (delta: 657) [ms]

TRIGGER: TOFI S4 .

AC: CARD hit =0 CAT hit =0 CAS hit = Muon:
83 TRK: NCLX=7 NCLY=§ 28 GV

CALO: NSTRIP=38 QTOT =58 (MIP/

\ S4: 0.00 (MIP] TOF:
‘ — L O II“ ND: Trigger: neutrons =0 - Background: upper = 1 lower =0
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File: DW 050523 016.dat - Event number: 5735
Progressive number: 1664

On Board Time: 8275939 Calorimeter
TRIGGER: TOF6 S4 CALO

AC: CARD hit=6 CAT hit=§ ¢ Self Trigger
rk: Nerx=17 nery=15 10 GeV shower

CALO: NSTRIP= 2829 QIOT = (Sam ara)
S4: 768.00 [MIP] TOF:
ND: Trigger: neutrons =7 - Background: upper =2 lower =2
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Earth's magnetosphere
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Log Intensity (Nuclei/cm? sr sec MeV/nuc)
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107 0 0 0 SRS
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*High energy component of
electrons and positrons in Solar
Proton Events (from 50 MeV)

*Nuclear composition of Gradual
and Impulsive events

*3He and “He isotopic composition

*Electrons of jovian origin
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Secondary production
‘Moskalenko + Strong

model’ (1998) without

Secondary production
‘Leaky box model’

(Protheroe 1982)
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The current situation of the  The current situation of
3He / 4He ratio the d / He ratio
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Contemporary measurements on
high energy c.r. and antimatter
component

PAMELA + BESS
PAMELA + AMS
A unique chance to:

1. Reduce systematics among
measurements

2. Get data at the same time in
different cutoff regions (compare
south pole region — 70.4°)

3. Possibility to observe time
dependent phenomena (SEP,
perturbations at low energy)

(Cast in‘alpnane
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Sunspot Number

Long term solar modulation at 1 AU

Long term behavior of proton and nuclear abundances
*Charge dependent solar modulation (e+/e- p/p-)
Correlation with other detectors

PIO(AU) 10 5.1 90 147 205 262 318 373 427 48.1 533 587 639 69.0
19 60 97 132 189 248 31.1 363 419 477 536

Energy range (>80 MeV) e e

10° |- HELIUM: 180-450 MeV.
Observations at the minimum of 23° solar cycle @*ﬁﬁ
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Fig. 2. The summation of significant discrete solar proton events
for solar cycles 19-22.




Electrons from Solar events

High energy component e In
SEPs (gradual/impulsive)
>6000 e-/day (with 20% orbital
live time)

First measurement of high
energy spectral indexes and
breakdowns

eFirst direct measurement of

pOSitronS (very high energy ions impact the

Sun producing both high energy (GeV) neutrons and
pions with the pions decaying directly into photons or
into secondary high energy positrons and electrons that
in turn radiate).

*Propagation and acceleration
effects (shock vs flare question)

105 _/\\ —
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\
10° - \ &
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o 28
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Energy/keV
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Electron flux/electrons 'm *sr™' keV

Figure 12.16. The energy spectrum of high energy clectrons from the flare of 7
September 1973 as observed by the IMP 6/7 satellites. There is a change in slope of the
spectrum at about 100 keV, the index being y =~ 1.1 at low energies and about 2.8 at
higher energies. (From Guzik, T. G. (1988). Solar Physics, 118, 185.)



Neutrons from Solar Events
F-Produced N nuclear reactions at the flare Site, N

high energy component can-reach Earth before
‘decaying.

e On the occurrence of solar events, neutrons
are expected to reach Earth before protons as

they have no charge (neutron/proton dispute on
‘primaries during solar flares, see J. Ryan, rapp. Talk

ICRC 2005).

* Neutron Detector: 36 3He counters arranged
In two layers, surrounded by polyethilene (9.5
cm)moderator enveloped in thin cadmium
layer. Dimesions: 60*55*15cm (10% eff for
E<1MeV n)

eBackground counting




©\  NEUTRON
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CONNECTED TO
FLARE SITE (E72

F1G. 2.—Solar system geometry at the time of the 1982 June 3
solar flare in a view perpendicular to the ecliptic plane. Protons
from the flare are initially confined to field lines far from the Earth,

|Ub‘k|?f Birons cross the field freely until they decay.
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Figure 4: Expected neutron spectra for a 3 June like
event at different distances from the solar surface. See

text for details.




The polar orbit of
Pamela will be

particularly useful to
study:
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Electrons of Jovian origin:

orbita terra
orbita giove

linea di campo magnetico

«Jupiter is a source of high energy
electrons

*Electrons propagate in
Interplanetary space following local
field lines of the solar wind.

*Up to 40 MeV jovian electron are
dominant population

*They are modulated by Jupiter-
Earth synodic period (13 months)
*Short term (27 day) modulation by
CIRs (Coronal Interaction Regions)
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Figure 3. Modulated spectra for combined galactic and
Jovian electrons at 1 AU and 50 AU in the equatonal plane
in comparison with the assumed LIS at 120 AU. The etfects
of moving the TS from 80 AU to 100 AU are pronounced
at 50 AU where the modulated spectra exceed the LIS
between ~200 MeV and ~2 GeV. with the effect
Aiceinatino at F < ~20 MeV. At 1 AlJ these effects are

«Jovian electrons dominate at low
energies

*They are reaccelerated by the
Termination Shock

*Very sensitive to Shock Position

«Short (27d) and long (399d) term
modulation

*Electron — Positron measurement

allows separation of the two populations

Pamela e-= 50000/month

«Jovian component= 1% (600/month)

First high energy (>50 MeV)
measurement of primary Jovian
component

Poitgieter & Ferrera JGR 107, A7 10.1029/2001JA009040, 2002
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Ground data sessions

We had so far two main sessions of cosmic ray
acquisitions on ground:

- — Tor Vergata University clean
room: February/March 2005

o — Progress clean area: May 2005

= Number of files downlinked in Rome:

In about of data taking
= Number of files downlinked in Samara:

In about of data taking
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Rigidity (GV)

Discrimination capability of the time-of-flight system. The
measured wvelocity 3 = Lfc- 1/t (where L is the distance between the
TOF planes employed in the measurement. and t is the flight time) is
plotted against the particle rigidity R as measured by the spectrometer
for a sample of cosmic rays at ground level. While most of the detected
particles are muons, few protons can be wdentified as the point lying near
the plotted curve, which shows their expected 3(R) relation.

Number of strips hi
LI -

m_ ;:";:I '.‘\p ]

3300 70000 - 75000~ 20000 25000~ 30000 35000
Total detected energy (mip)

-

Discrimination capability of the calorimeter between protons
and electrons, on the basis of the number of strips involved in the shower
and of the total energy released. Data refer to particles with a momentum
of 200 GeV /e acquired on a beam test at the CERN SPS facility in 2002.




[
1

n(GV/ie)y!

Deflection distribution of cosmic rays at ground level, after
the whole-tracker alignment has been applied. The larger abundance of
posttive particles can be noticed.
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Current Status
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