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Present

CAPRICE, MASS, TS93
Balloons

NINA-1 Satellite
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PAM EL A lnstrument

GF ~21.5 cm?sr
Mass: 470 kg

Size: 130x70x70 cm?




PAMELA Instrument

e’ p (He,...)
* $1, S2, S3; double layers, x-y
* plastic scintillator (8mm)
* ToF resolution ~300 ps (S1-3 ToF >3 ns)
* lepton-hadron separation < 1 GeV/c
4 TOF (81) Trigger, ToF, dE/dx * $1.852.S3 (low rate) / S2.S3 (high rate)
ANTICOINCIDENCE
(CARD) " « Permanent magnet, 0.43 T
— —a, ) MITICTHIE0ENCE *21.5cm?sr
TOF (S2) D T (CaV)
* 6 planes double-sided silicon strip
detectors (300 pm)
£ Sign of charge, | * 3 ym resolution in bending view » MDR
. e easy RO rigidity, dE/dx ’ MDR 1.2 Tes
t
TOF (S3) * 44 Si-x | W/ Si-y planes (380)
Electron energy, |[*16.3X0/0.6L
cacormerer | OE/dX, lepton- e dE/E ~5.5 % (10 - 300 GeV)
hadron separation |, goi¢ trigger > 300 GeV / 600 cm? sr
s4
NEUTRON
pETECTOR - 36 *He counters
v -3He(n,p)T; E, = 780 keV
~470 Kg / ~360 W -1 cm thick poly + Cd moderator

- 200 ps collection




Resurs-DKI1 satellite

, L , Command / Measurement :
Vernier engine installation antenna = Main task: multl-spectral

Solar battery remote sensing of earth’s
surface

= Built by TsSKB Progress
in Samara, Russia

Coordinate / time
synchronization antenna

Accessories module

Pamela Research * Lifetime >3 years

Hardware
pressurized container (assisted)
| = Data transmitted to
Instrument module hardware module ground via high-speed
Instrument / radio downlink
pressurized container
Cooler
Star tracker N = PAMELA mounted
"\ Optronic equipment |nS|de_ a pressurized
VRL (high rate datalink) container
antenna
Command 7 Measurement Infrared local Mass: 6.7 tonnes
antenna vertical reference Height: 7.4 m

Solar array area: 36 m?



PAMELA

Launch
15/06/06

16 Gigabytes trasmitted
daily to Ground
NTsOMZ Moscow




Orbit Characteristics

Low-earth elliptical orbit
e 350 - 610 km
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The Physics of PAMELA

Search for dark matter annihilation

Search for antihelium (primordial antimatter)

Search for new Matter in the Universe (Strangelets?)

Study of cosmic-ray propagation i

Study of solar physics and solar modulation

Study of terrestrial magnetosphere
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Main PAMELA Results
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|

Phys. Rev. Lett. 105, 121101 (2010);

AMS (M. Aguilar et al.)
BESS1999 (Y. Asaoka et al.)
PAMELA new analysis
CAPRICE1994 (M. Boezio et al.)
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CAPRICE1998 (M. Boezio et al.)
BESS2000 (Y. Asaoka et al.)
* BESS-polar04 (K. Abe et al.)
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BESS-POLAR Il (K. Abe et al. 2011)

I IIIIIII| I IIIIIIII I IIIIIII’ [ TTI

INIIII IIIIIIIII IIIIIIIII IIIIIIIII IIIIIIIII |

10" 1

10 10?
kinetic energy [GeV]

Ptuskin et al.
(ApJ 642 (2006)
902)



Positron to all electron ratio

Secondary production
Moskalenko & Strong 98

® PAMELA

Nature 458, 697, 2009
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Positron to electron fraction

o o
w £
|
|

Positron fraction ¢(e*) / ( o(e) + ¢(e’) )
o o
- )
|
- *
-
Y
N
————{ —g—i
e
e
. ot
—_—.————————
—_——
[rac)
s
——
—_—

|
iy
—f
[
:
5
3
g
z
g
H
5

0.02 -

<> O ® [> 4 [0 % X
[
>
3
o)
2
-

Muller & Tang 1987

0.01 | lllllll | 1 lllllll 11
1 10 10?
Energy (GeV)




Positron to electron fraction
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DM annihilations

DM particles are stable. They can annihilate in pairs.

W—7 ZO) b7 7-_, t, ho, .« o , e:‘:’p(_), D(_)’ -

, ei,p(_),D(_),...

Primary annihilation l _ l
channels Decay Final states

N
flux ocn O annihilation

1stro& particle reference cro;)sr_sect’,i,on: B
COSMO o =3-10"*°cm® /sec 0,= <OV>




Rotation axis Beamed
radiation

X Q?-l- 2
Magnetic P B FRa
field lines <~ A fj

S Magnetic axis
o

o A NEUTRON STAR WITH A

STRONG MAGNETIC FIELD:

- FAST ROTATING PULSAR
(P = 33 msec)

L(spindown) = 5 1032 erg/s

Energetic charged
particles




Van Allen Belts

New Belt
(Interstellar Matter)




PAMELA trapped antlprotons
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How Extreme???

EECR: Extreme Energy CRs > 60 E&V. el
UHECR: Ultrahigh Energy CRs >'1 EeV s
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Current Observatories of
Ultrahigh Energy Cosmic Rays

Telescope Array

Utah, USA

(5 country
collaboration)

700 km? array % RN X 4 Pierre Auger
3 fluorescence ¢ @R sy, Observatory
telescopes _ ‘_{9} 3. Mendoza, Argentina

; 5 (19 country
collaboration)

. _'.i'

" 3,000 km? array
4 fluorescence telescopes
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“Cosmologically Meaningful Termination”

GZK Cutoff
Greisen, Zatsepin, Kuzmin
1966




UHECR status in just one word

Previous to Auger / HiRes : Key Auger / HiRes result:

1 particle 1 particle

100 km? yr sr DB km? yr sr
1000




JEM-EUSO

The Extreme Universe Space Observatory onboard the
Japanese Experimental Module




W Japan Aerospace Exploration Agency

deesa
JEM-EUSO

space for europe

~ fewx 10" tons

Ground
Support
Equnpment

: =— Mission
- ’j Data [ Operation
~d > Xe Flasher . "= Center =_ Control



JEM-EUSO Mission
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NSQ}\. View from NASA: ’/‘,‘Cosmic Ray Observatory on the ISS”

/

/. | ISS-CREAM
| Sp-X Launch 2014

JEM-EUSO
| Launch Tentatively |

‘ planned for 2017 7

CALET on JEM
HTV Launch 2014




JEM-EUSQO Collaboration

«Japan, USA, Korea, Mexico, Russia, Algeria

Europe: Bulgaria, France, Germany, ltaly, Poland,
Slovakia, Spain, Switzerland

14 Countries, 77 Institutions, more than 300
researchers

*RIKEN: Leading institution




Space Agencies

JAXA

ESA

NASA
Roscosmos

National Space Agencies




Conceptual view of the telescope
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Focal Surface Detector

2
Ggim 55mm

Elementary Cell (EC)

4932 MAP (2x2 PMTs = 256 pixels)

(8x8 pixels)

Photo-Detector Module (PDM)
(3x3 ECs = 36 PMTS
2,304 pixels)

Focal Surface detector
137 PDMs
= 0.3M Pixels

1 High Voltage / PDM
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Mission aspects have been successfully
studied by JAXA and RIKEN

Parameter Value

Launch date 2017
Mission Lifetime 3+2 years
Rocket H2B
Transport Vehicle HTV
Accommodation on JEM EF#2
Mass 1938 kg
Power 926 W (op.) 352 W (non op.)
Data rate 285 kbps (+ on board storage)
Orbit 400 km
Inclination of the Orbit 51.6°
Operation Temperature -10° to +50°
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JEM-EUSO Science

Astrophysics and Cosmology:

Main Science Objectives:

identification of UHE sources

measurement of the energy spectra of individual sources
measurement of the trans-GZK spectrum

Exploratory objectives:
discovery of UHE Gamma-rays

discovery of UHE neutrinos
study of the galactic and local extragalactic magnetic field
“Top-Down” scenario

Atmospheric Science
Nightglow

the transient luminous events (TLE)
meteors and meteoroids
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Atmospheric Luminous Phenomena

OH airglow observed from ground Lightning picture observed from ISS

1)
»
tay
"{ Gi 5 nt
Columniform .
q Sprite Carrot Sprite

_:-= .

Leonid meteor swarm in 2001 Various transient airglows
taken by Hivison camera



JEM-EUSO Prototype Test at TA Site

MIREING i Aetestane ioviL) The first integrated test
,2300 channels using various elements
... |developed for the JEM-
- T~ =" | EUSO UV telescope at
' ‘ the Telescope Array site
in Utah.

| FOV of IUVT = (1/4)  FOV of TA camera |

Light f Elect
f‘ﬁE W
[ m_l> (\\Eilfctron Light
== Central ¢

and LIDAR of TA can
ource

51 2usec (inc. Lb.n»ped.un

be observed besides
cosmic ray events.

Laser - .

| pixel = Ide =
P g Eacityst=T N

Black Rock Mesa

X |k



Installation at Telescope Array Site

Operation: September 2013



Electronics Detector

EUSO
Balloon

Lenses

' JEM-EUSO BALOON

EUSO-BALLOON

volume of view
(+-8deg, 15 deg inclination)
square of 12 km side

Google

Simulations

Laser and IR Camera



Van Allen Belts

New Belt
(Interstellar Matter)




Trapped Particles

Basic Components of Particle Motion: bounce, gyration and drift

Flux Tube AT A N
North \ O VS

c’ Trapped Particle
B Trajectory
L \ Mirror Point
(Pitch angle =90)

; Electron
Proton \@F é [ Drift
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Correlations between Earthquakes & Particle Bursts
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A Space Mission Project

External Sources
(Sun & Cosmic Rays)

Seismo-EM
& Mirror Electric prubesl A
Anthropog enm point . .
. . : rajectory o
Emissions ﬁﬂﬁ‘ L IK _ trapped particles | *——
I~
SR
P m— \|.
Thunderstorm /
Activity —_ é /
s - SEARCH-8OIL —.
I"u"lir.ror Lower boundary of the | _
point inner radiation belt Electric probes B

lonospheric ic Djfﬂﬂmfcs
interaction region rturbatfnns
« Geomagnetic Field Fluctuations
» Seismic Precursors



Limadou-CSES Mission

Flight September 2016

* L1 Madou - Matteo * CSES : China Seismo
Ricci Electromagnetic

Satellite
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Italian-Chinese Mission

Measurement of signals from electromagnetic
emission and 1ts perturbations in 1onosphere

Measurement of the disturbance of plasma in
1onosphere, such as: contents, density and
temperature of the 1ons, density and temperature
of the electron, total electron contents, etc.

Measurement of energetic particles
precipitations



X Payload Instruments

Particle Detector Analyser (PDA) AIGLE
* Energy range: 300keV+ 100 Mev
* Pitch angle accuracy < 4o with particle identification

» Electric Field Analyser (EFA) VOLTA

* frequency range: ~DC + 10 MHz
* accuracy: 300 nV/m

E2

* dynamic range: 120 dB

» Magnetic Field Analyser (MAFA)
FLUX — GATE: ¢ frequency range: ~DC + 10 Hz
* accuracy: a few (6-8) pT
* resolution: 24 bit
SEARCH — COIL.: * frequency range: ~10 Hz +~ 100 kHz
* sensitivity:102 pT /(Hz)"2 (at 1 kHz)

» Langmuir Probe & Retarding Potential Analyser
LP: e electron temperature: 300 +~ 15000 K
* electron density: 102+ 107 cm™
RPA: ¢ jonic temperature: 300 +~ 10000 K
* ionic density: 10> + 107 cm™



Limadou - CSES in Italy

* VOLTA  AIGLE

* SCINTILLATOR PLANE
& OUTER SILICON PLANE

w INNER SILICON PLANE
w SILICON FILTER PLANE

STRUCTURE

VETO COUTERS

MAGNET




Space Activity

* Many important missions have been performed
* Many fundamental results have been obtained

* New space missions are in preparation



T hanks!

http:// pamela.roma2.infn.it
http:// jem-euso.romaZ2.infn.it

http:// spaceweather.romaZ2.infn.it




