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NINA

•32 silicon detector

planes

•8*8 cm^2, 16 strips

•GF 10 cm2 sr

•20 kg detector



RESURS-01 - NINA-1: 1998



  ResursResurs-O1 n. 4 satellite-O1 n. 4 satellite



Zenit Launcher:  10/7/1998 10/7/1998 from from the the cosmodrome cosmodrome  

of of Baikonur Baikonur 



MITA (ASI) Satellite –

NINA-2 (2000)



NINA-2 top cover





NINA-2:NINA-2: Launched Launched on 15/7/2000 on 15/7/2000 from from

thethe cosmodrome cosmodrome of of Plesetsk Plesetsk, on, on

Cosmos RocketCosmos Rocket



••Galactic cosmic raysGalactic cosmic rays

••Solar Energetic PartSolar Energetic Part..

••Anomalous Cosmic RaysAnomalous Cosmic Rays

•Trapped particle

population in the SAA

•Geomagnetic cutoff shifts

due to solar events

•Albedo particles

•Secondary particles

produced in the

atmosphere

•Geosismic correlations

Physics Objectives



Solar quiet abundances

ApJ supp. 132, 365, 2001

Ap. Phys. 8 109, 1997



Solar  Energetic particles

Powered by solar activity:

•Solar flares

(small, local acceleration,
3He rich)

•Coronal mass ejection

(large, shock acceleration)

Reames, 1999





On various SEP events…



SEP isotopic Composition…

ApJ 577, 513, 2002



JGR 108 A5 1211, 2003

Ann. Geoph. 20, 1693, 2002

Isotope composition of secondary…



…and trapped  particles

JGR 107 A8 10.1029, 2002



SEP event: 9-15 Nov 2000 - NINA-2 Observations

Lowering of  Geomagnetic Cutoff



Experiments on Space stations

SilEye-1: placed on the Space Station MIR in October 1995.

Years 1996-97: 25 LF measurement sessions 

6 cosmonauts 

 90 Light Flashes   recorded

•SilEye-2: placed on the Space Station  MIR in 1997 

Years 1998-2000: 24 LF Sessions

 4 cosmonauts

 130 Light Flashes recorded

•SilEye-3/Alteino (cr + EEG):

  placed on the International Space Station

  on 27th April 2002 

9 LF sessions

10 days continuous monitoring of cosmic rays



•Lazio-Sirad (2005)

Altcriss – Sileye3 (2005-

2008)

 Long term measurements of cosmic ray

environment and shielding effects on

radiation (in response to ESA-AO2004)



MIR: Sileye-1

(1995-1998)



MIR:  Sileye-2

(1998-2000)

••6 6 silicon detectorssilicon detectors

••EachEach detector  detector is dividedis divided in 16 in 16

stripsstrips

••Total of 96 Total of 96 independentindependent

channelschannels

••2 2 ironiron passive  passive absorbersabsorbers

••JoystickJoystick



Linearity

Sileye-2:
Nuclear Identification Capabilities

•Selection  of

E>100MeV/n events

(below cutoff)

•Landau Fit (10

distributions)

•Nuclear abundances

J.Pys. G 27, 10, 2051, 2001

ASR 31 1 135, 2003



Different mechanisms proposed

1. Cherenkov light

2. Direct retinal ionization 

3. Knock-on protons

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



SilEye-1 (1995),  SilEye-2 (1997) SilEye-3 (2002



Sileye-1 & -2 on MIR:

LF  observed locations



LF vs Heavy Nuclei Rate

Inside

SAA
Outside

SAA

LF vs Proton Rate

Inside

SAA
Outside

SAA

Casolino et al, Nature, 422, 680 (2003) 
Avdeev et al, Acta Astr. 50 



SILEYE-3 ALTEINO:
The detector array is composed of:

• Two scintillators, which give the trigger

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 track.

The acquisition system consists of a PC-104 based  486 CPU with a PCMCIA

interface for data storage and download, coupled with an Analog Devices

DSP for the acquisition for the silicon planes.



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.) 

Silicon  detector
 Each sensitive layer

contains a

•8 sensitive layers

•32 strips/layer; strip pitch

2.5 mm, x 8 cm2, thickness

380  μm

•256 Independent channels

• 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.

•Detectors and electronics

has been developed for the

Si-W calorimeter of the

PAMELA experiment
Gem. Factor 42 cm2 sr
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SILEYE-3 ALTEINO:2002 Italian Soyuz Mission



ISS Attitude during flight:

+ZLV +XVV TEA 

Yaw: 350

Pitch:350.79

Roll:0

(courtesy of M. Weyland)



LAZIO - Sirad experiment

•New “Lazio” detector

•Light Flash observations

•Alteino + shielding material

•User centre in Tor Vergata  Altea

Technological demonstrator  science



Lazio-Sirad
•28 kg payload.

•6 different

experiments/detectors linked

together  involving:

Technology demonstration

(SI-PM, Magnetometer)

Life science

Radiation environment

Relationship between

seismic phenomena and

radiation belts.



Lazio-MEB

Silicon-Scintillator Tracking Calorimeter

•Study of nuclear  (>40MeV/n) and electron

components inside ISS.

•Study of spatial, angular dependence and

(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



2005:  Alteino  & Lazio detectors inside PIRS module of ISS

To Soyuz

To ISS



Altcriss Scientific Objectives

• Long term measurements of cosmic ray and radiation environment on ISS

(p-Fe >50-100MeV/n)

•Effectiveness of different shielding material. Effect on nuclear abundances

•Passive dosimeters (JAXA, DLR, Fed II)

•Joint measurements with Pamela & Altea

•Solar Particle Events



Dr. Francis Cucinotta, NASA
Prof. Marco Durante,  University of Napoli
Dr. Christer Fuglesang, 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)

 ALTCRISS collaboration



Service Module (Crew Cabin)



Acquisition Rate during mission 
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Particle Flux

SAA



C

ON

Mg
Ca

FeNe

Black  – Dati 26/12/2005 No shield  O/C=0.9

Red – Dati 6/1/2006 5 g/cm^2 poliet  O/C=0.75

Normalized to C 

(Preliminary)

Effect of shielding on nuclear abundances



Nuclear Abundances  (2002) – Pirs module



Difference  PIRS – Service Module

Nero – Modulo PIRS (2672 entries) – 40 ore

Rosso – Modulo di Servizio (Crew Cabin) – 4319 entries –45 ore

C

ON

Mg
Ca

FeNe



ALTEA

•Currently at  JSC

•12 times Sileye-3

•Scheduled for next

Shuttle launch…

•6 Light Flash Sessions

with astronauts

•Standalone mode:

three axis detector

•Shielding studies



ALTEA - space
Experimental protocols

DOSI Mode

CNSM Mode Unmanned:

The detectors are tilted 90° 

downwards to minimize

protrusion.

The detectors are ‘on’

continuously.

Data is downlinked in real time

Manned: 6 sessions

the astronaut’s electrophysiological

activity is measured concurrently

with the particles passing through

her/his retina/cortex (energy

released, trajectory, Z)
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The PAMELA apparatus

GFGF ~20.5 cm ~20.5 cm22srsr

Mass: 470 kgMass: 470 kg

SizeSize: 120x40x45 cm: 120x40x45 cm33

Power Budget: 360 WPower Budget: 360 W

Calorimeter Performances:
• p/e+ selection eff.  90%
• p rejection factor  105

• e- rejection factor > 104

Spatial Resolution 
•  2.8 μm bending view
•  13.1 μm non-bending view

MDR from test beam data  1 TV

ND p/e separation capabilities >10
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

350

mm27 mm
180 x 50

mm23S32

420

mm27 mm
150 x 60

mm23S31

450

mm25 mm
150 x 90

mm22S22

375

mm25 mm
180 x 75

mm22S21

385

mm27 mm
408 x 55

mm26S12

357

mm27 mm
330 x 51

mm28S11

810 mm

S1

S2

S3



 5 magnetic modules

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

 Magnetic cavity sizes (132 x 162) mm2 x 445
mm

 Geometric Factor: 20.5 cm2sr

 Black IR absorbing painting

 Magnetic shields

The permanent magnet

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 Am2

E.Vannuccini ....................................................................................... ICRC2005 – Pune (India)



The tracking system
6 detector planes composed by 3 “ladders”

Mechanical assembly
 no material above/below the plane

  (1 plane = 0.3% X0)
 carbon fibers stiffeners glued laterally

 to the ladders

 ladder : - 2 microstrip silicon sensors

- 1 “hybrid”  with front-end electronics

 silicon sensors (Hamamatsu):

 300 mm, Double Sided - x & y view

 Double Metal - No Kapton Fanout

 AC Coupled - No external chips

 FE electronics: VA1 chip

 Low noise charge preamplifier -

 Operating point set for optimal
compromise:

 total FE dissipation: 37 W on 36864
channels

 Dynamic range up to 10 MIP

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

E.Vannuccini ....................................................................................... ICRC2005 – Pune (India)



sx = (2.77 ± 0.04) μm

sy = (13.1 ± 0.2) μm

40-100 GeV pions (CERN-SPS 2000)
beam-test of a small tracking-system
prototype

Spatial resolution



Calorimeter

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

• Each W layer is 0.26 cm (0.74Xo)

• 16 radiation lengths (0.6
interaction length) deep

•  96 strips 2.4 mm wide per silicon
layer

•  Strips along orthogonal
directions between the 2 layers of
each plane

• Total number of channels 4224
•  Wide dynamic range  1 - 1200

mip (proton – above iron)

Sileye-3 nuc. Id. (8 planes)

Fe



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

3He tube

Plane 1

Plane 2



Galper et al, ICRC 2001



X View                   Top View                              Y View

ND

CALO

TRK

S1

S3

S2

S4

AC

AC

AC

Muon:

2.8 GV



Hadron:

6.6 GV



Calorimeter

Self Trigger

(470 cm^2sr)



Calorimeter

Self Trigger

10 GeV shower

(Samara)



Pamela as a Space observatory at 1AU

Jovian electrons

Interplanetary Physics,

Solar Wind Termination Shock

Magnetospheric physics

Solar Modulation

SAA, Albedo,

secondary particle

Solar Energetic particles
High Inclination Orbit

70.4o

Galactic cosmic ray

Matter /  Antimatter

           / Dark Matter



PAMELA

Cosmic ray energy ranges

•Solar Modulation effects

•High energy component of Solar

Proton Events (from 80 MeV to 10

GeV)

•High energy component of

electrons and positrons in Solar

Proton Events (from 50 MeV)

•Nuclear composition of Gradual

and Impulsive events

•3He and 4He isotopic composition

•Electrons of jovian origin



Pamela main objectives:

Study of antimatter component in

cosmic rays:
• Antiprotons (80MeV -190 GeV)

•Positrons (50MeV - 270 GeV)

•Search for Antihelium (some parts

10-8)

Study of galactic cosmic ray spectrum

•Protons (80MeV - 700 GeV)

•Electrons (50MeV – 400 GeV)

•Electron+positron (up to 2TeV)

•Nuclei (up to Oxygen)

Search of  dark Search of  dark mattermatter
•High energy positron signature

•Low energy antiproton increase…



Cosmic-ray antiparticle measurements:

antiprotons

Secondary production

(upper and lower limits)

Simon et al.

Primary production from
 annihilation

(m( ) = 964 GeV)

Secondary production

(CAPRICE94-based)

Bergström et al.

Unexplored Region

Black Holes

Dark matter

Extragalactic

Primordial p

Dark matter

Propagation

PAMELA energy range

Charge

dependent

modulation effects

From M. Boezio, ICRC 2005 Pune



Cosmic-ray antiparticle measurements:  positrons

Unexplored Region

Secondary production
‘Leaky box model’
(Protheroe 1982)

Primary production from 
annihilation (m( ) = 336 GeV)

Secondary production
‘Moskalenko + Strong
model’ (1998) without
reacceleration Charge dependent

modulation effects Propagation

Dark matter

PAMELA energy range



Cosmic-ray
Antimatter Search



Nuclear abundances:

Secondary to primary ratios



Isotopic abundances



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 – 70.4o)

3. Possibility to observe time

dependent phenomena (SEP,

perturbations at low energy)

(Cast in alphabetical order)



Permanence time:

between

60 and 70.4o: 13%

65 and 70.4o:   9%

70 and 70.4o:   1.8%

Bess path from S. Haino

Bess ’04 polar flight

-70.4o lat. (minimum Pamela o

Height varies with time, Cutoff to be estimated

Good  Proton – Electron  Statistics



    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

Energy range  (>80 MeV)



Solar particle events

Meteor

Goes

Balloon

Neutron Monitor

6000ev/d

600ev/d

60ev/d

Multi-GeV event measurement

in space:

energy spectrum cutoff 

Acceleration

Propagation

H, He Isotopic ratios

Nuclear component up to O

Pamela energy range



Using Shea and

Smart data (ICRC

2001)

we estimate about

20 events with >10

MeV Peak flux

>10 part/(cm^2 sr)

in  three years of

operation

Solar cycle and Solar particle events



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

•First 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)



Neutrons from Solar Events

•Produced  in nuclear reactions at the flare site,

high energy component can reach Earth before

decaying.

• 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)

•Background counting



Evenson, Meyer and Pyle, ApJ 274, 875 1983

BESS is an optimal instrument to detect neutrons

from Solar Flares and Solar Particle events:

•Launch campaign is in Antartic Summer

 always looking at Sun

•Need line of sight, not Parker Spiral

•Detect increase of protons coming from neutron

decay

•Possibile also on ground (more difficult… high

energy component)

Not so high probability but probably worth looking



Vilmer, Maksimovic, Lin and Trotter, Proc of “Solar Encounter: the

First Solar Orbiter Workshop”, Tenerife, 14-18 may 2001 ESA SP-

493



The The polarpolar  orbitorbit of of

Pamela Pamela willwill  bebe

particularlyparticularly  usefuluseful  toto

studystudy::

•Trapped particle

population in the SAA

•(different altitudes:

300 – 600 km)

•Trapped electrons

•Geomagnetic cutoff

shifts due to solar

events

•Albedo particles

•Secondary particles

produced in the

atmosphere…

Trapped, albedo and secondary particles



Electrons of Jovian origin:

•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)



Observation Observation of of Jovian ElectronsJovian Electrons: : PioneerPioneer, , VoyagerVoyager, , UlyssesUlysses……

27 day solar (CIR) modulation

13 month Jupiter -Earth sinodic period

(Opposed field line)

(Same field line)



Jovian electrons

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

•Jovian electrons dominate at low

energies

•They are reaccelerated by the

Termination Shock

•Very sensitive to Shock Position

Pamela Range

1AU with TS

1AU no TS

•Pamela e-  50000/month

•Jovian component  1% (600/month)

•First high energy (>50 MeV)

measurement of primary Jovian

component

•Short (27d)  and long (399d) term

modulation

•Electron – Positron measurement

allows separation of the two populations

Total flux (Jovian + galactic e-)

1AU rs=100 AU

1AU rs=90 AU



PAMELA STATUS

Mass & Thermal Model

•Integrated with Resurs

•Cooling loop

•Mechanical support

Technological Model

•Integrated with resurs

•Electrical, electronical

•Logic & acquisition

tests

Flight Model

•Integrated in Tor Vergata

•Integrated with Resurs

•All tests passed

•To be shipped to Baikonur b

plane



Ground data sessions

 NumberNumber of of files downlinked files downlinked in in Rome Rome::

311311  inin about about  480480 hours hours  of dataof data taking taking

 NumberNumber of of files downlinked files downlinked in Samara: in Samara:

113113  inin about about  140140 hours hours  of dataof data taking taking

We hadWe had so far so far two main sessions two main sessions of of cosmic ray cosmic ray

acquisitionsacquisitions on on ground ground::

RomeRome  –– Tor Tor Vergata University Vergata University clean clean

room:room: February February//MarchMarch 2005 2005

SamaraSamara  –– Progress Progress clean clean area: area: May May 2005 2005



TOF and CALO event identification

TOF - Rome Data CALO - SPS data



TRK  deflection distribution – Rome Data



Ground muon results – Rome &

Samara runs

Prelim
inary

Prelim
inary!

Prelim
inary

Prelim
inary!!

+ LAST WEEK tests in GSI with heavy nuclei to calibrate nuclear

& isotopic identification  capabilities



Current Status

Baikonur



Integration & Launch in Baikonur cosmodro

Spring 2006



http://www.uniroma2.it/postgrad/inglese/applicazioni/instruction.htm

And/or contact casolino@roma2.infn.it or picozza@roma2.infn.it

Availability of PhD positions (post-graduate) in Roma Tor Vergata

University:


