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Antiparticles in Cosmic Rays: p and e’

CR-proton o,
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Anti-p and positrons are compatible with secondary production




Neutralino Annihilation

Neutralino as
CDM-Candidate =
Indirect DM-Search

WIMP
annihilation 2
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Investigating Cosmic Rays

In space (>50km) = protons, nuclei,
electrons and neutrinos

Small detectors but long duration
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Larger detectors but short duration
Atmospheric overburden ~5 g/cm?.

'Infinite’' size and duration but

e K D In balloons (~30km) = protons, nuclei,
pions, electrons, muons and neutrinos

On ground = E.A.S., HE muons + neutrinos

atmospheric overburden ~1000 g/cm?|

)
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Antiprotons

with CAPRICE
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PAMELA - Main Physics Goals

» Antiproton / proton flux
®» Positron / electron flux
®» Light nuclei (N<6)
®» Anti-He / He flux

Also:

- Energetic particles from the sun (E<10 GeV)
- Solar CR-modulation (precision study)

- High energy particles in Earth magnetic field

% \
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PAMELA - Main Physics Goals

®» Measure Antiproton and Positron Spectra up to few hundred GeV,

to study

®» Sources and Transport Mechanism of Cosmic Rays inside our
Galaxy

% Formation and Evolution of our Galaxy and the Universe.

®» To search for hints for Exotic Sources of Antiprotons/ Positrons,
e.g.from SUSY - WIMPs (e.g.Neutralinos), that could be
gravitationally trapped in the Halo of the Galaxy (DarkMatter).

®» Direct Antimatter Search for e.g. AntiHelium
(from sources outside our local cluster (R>20Mpc))
(AntiHe C.R. production rate ~101)

‘."\
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PAMELA - Sensitivity

particles / 3 years

Antiproton flux 80 MeV - 190 GeV >3 10*
Positron flux 50 MeV - 270 GeV >3 10°
Electron flux up to 400 GeV 6 10°
Proton flux up to 700 GeV 3 10°

Electron/positron flux up to 2 TeV
Light Nuclei (up to Z=6) up to 200 GeV/n  He/Be/C: 4 107%?

AntiNuclei search (sensitivity of <« 10” in He/He)

-~ Unprecedented Statistics and new Energy Range in CosmicRays

> Energetic Particles from the Sun, Nuclei abundance, ...
- High energy particles in Earth Magnetosphere, ...
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PAMELA

ANTIPROTON

expectation

Secondary
production:

Cosmic Rays + ISM

(upper and lower limits,
Simon et al.)

Primary production:

from X X annihilation
(m(X) = 964 GeV)
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Antiproton flux (particle / (m® sr s GeV))

© |
7]

© |
B

M AN S
: = Pamela (3 yr) -

I o ]

| i, |

BT ol Bl N U Unexplored

- el I\  Energy range
i | \ '-‘-_ )

~ Seconday§ \“‘\ 1 | i
roduc © AMS98 | N

- "= BESS98 -

- e CAPRICEYS - i
- ~ BESS95+97 ]

| p_%ion * MASSQ 1 " |

[ v CAPRICE94 *+ .

i 0 IMAX92 )

: | L1 | Lo | . L] t

10-1 1 10 102

Kinetic Energy (GeV)



~~ T AR EURREE
PAMELA I(D :%__ T -
POSITRONS oo = Pamela (3 yr) r
expectation Lo g L T :
* = Yx
O s
o Secondary - | 7 % -l i UnCXPIOPCC
= production ¢ X L
S5 f i Energy range
Secondary production 0 [ q A e
'Leaky box model’ g - l _ :[ -
S0 i ]
Secondary production ® CAPRICE NG
‘Moskalenko + Strong v AMS I
model’ without - * CAPRICED4 1 o U i
reacceleration A HEAT944+95 T S
- O Clem et al. 1996+ A ' |
Primary production m 595 i
from X X A MASSEO ) T O
annihilation 12l ¢ Golden et al. 1987 L Primary |
- ¢ Muller & Tang 1987 | - | | production
(m(x) = 336 GeV) "+« Daugherty 1975 ‘ Y]
- O Fanselow 1969 - il

| | | | ||||| | | | ||||| | 1 | |||||
10" 1 10 10°

7N
P—E*ﬂﬁi Energy (GeV)




= J ) LANELONE PR ERLLE | B ! LN N R B E | ! ! LI P e L | ’ E
° = F He/He limit 95% C.L. Smoot et al. (1975) -
=] - N
A n't' MC(T"'CI" g 102 L Aizu etal. (1961) ]
° °® : | =
Ll ml?s g 10.3 _ I Evenson (1972) I i
E E I Smoot et al. (19‘5’5}
‘*é- 10 _ | Golden et al. (1997) : ]
2
% 10-5 — Buffington et al.l_{lgl} _;
é - ; AMS STS-91 (1998)
. Search for ? BESS (1993-2000 flights)
. . 107 E -
Anti-Helium : | 3
+ Sensitivity of 10° / Pamela 2004 (3 yr) :
better 1077 in ra’r% i | .
He / He AMS 2006 (in 3 years )
10'10 sl PR | PRI | .
10™ 10° 10" 10

Rigidity (GV/c)

"\ '
PE*VI é’ R.Wischnewski The PAMELA Space Mission, DESY-Zeuthen, April 2004 15| INFN
E—— T u di Fisica Nucleare




([ J
(]
Vernier engine installation Comigand tieastramant The Sa're I I l.'.e .

antenna

Solar battery RESURS- DKI

Coordinate / time
synchronization antenna

- Earth-Observation-
Accessories module 501’2””’2
- - Soyuz-TM Launcher
i amela Research .
— Hardware fr'om Balkonur'
gy -5 pressurized container )
- N - Launch in 2004
Instrument module | !I:.EI"' : hardTveasrzanzc:dule = Llfeﬂme >3 YCGI‘S
Instrument ) ..
pressﬂr?zre%nlzﬂtaine/ il Cool - PAMELA m0Uﬂ'|'ed thlde
= ooler

a Pressurized Container,
attached to Satellite

Star tracker

AN Optronic equipment

VRL {high rate datalink)

antenna
Command 7 Measurement Infrared local
antenna vertical reference

=
PfE*WéJr B R.Wischnewski The PAMELA Space Mission, DESY-Zeuthen, April 2004 16| INFN




: . . Command f Measurement
Vernier engine installation

antenna
Solar battery

The Satellite:

Coordinate / time
synchronization antenna

RESURS-DK1

Accessories module
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RESURS-DK1: Orbital Characteristics

Low-Earth-Orbit: Elliptical (300-600 km ) & Quasi-Polar (70.4°)

> Sensitivity to low energy CR
spectrum (polar region)
Orbit duration ~90 min.
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PAMELA: e” and p detection

Particle ID at severe BG-flux: antiproton positron
D 4 ot e -1 - ] TOF (§1)
p/p~10", e /e ~ 10", p/e ~ 200
= _ TRD
TOPACICATY ~al '
TOF (82)
SIDE AC (CAS)
\ Tracker(s
- Magnet+Tracker: R, Z S
- CALO: E' ID 12m Magnet
- TRD. Y
- TOF: B, |Z] TOF (53)
- Neutron Catcher: ID a_% } Calorimeter

BOTTOM SCINTILLATOR (S4) — Bottom Scintillator
Neutron detector(ND)
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e’ /p” and p/e* - Ratios

Pamela Proposal, 1997

Expected e /p~ ratio Expected p* /e’ ratio
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* 450 kg total
* 1.3 m Height

Anticoincidence
shield

.. hot shown: GasSystem,
SlowControl, R/O-Boards,
PowerSupply, ...

Shower tail catcher A
- Scintillater— 3=
- NeutronDetector

e
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by Subsystems ...

Magnetic Spectrometer

PAMELA -

I
|
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Spectrometer:  Magnet

Permanent magnet:
5 Blocks of Nd-B-Fe Alloy
- 0.48 T at cavity center
- MagnetTower:
13x16cm? x 44.5cm height

- Geometric factor: 20.5 cm? sr

——

Tracking System: —

- 6 layers Dubole sided
Si-microstrips

i\

M R.Wischnewski The PAMELA Space Mission, DESY-Zeuthen, April 2004




Spectrometer: Silicon Tracker

* 6 Floors of Double Sided Si-MicroStrip Det.

* X-Strip: 25 um implantation pitch / junction || - 36864 Channels
* Y-Strip: 67 pm pitch / ohmic side - VLSI-VA1 Chip

* Readout Pitch: 50 pm in X/Y, d=300 pum. - 55 W total

12/12/2001 'hen, Apml 2004 24 ’NFN |




Spectrometer: Resolution

H =0 Entries 5150
g Meon  0.4991E-02
g RMS 0.9731E-03
w Constant 272.9
Mean 0.4992E-02
| Sigma 0.9213E-03 | —

250

2

150

MaxRigidity
1080 GV (Ap/p = 1)
- p separation up to
>190 GeV
(proton-spillover)

X (bending) resolution = 2.7um

y (non-bending) resolution = 12pm

0 0.001 0.002 0.3 0004 0.005 0000 0007

SPS Testbeam
p 200 GeV/c

0.008 HELLY 0.01

magnetic deflection (GV/ey?
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TOF - System
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TOF System

- 3 Planes of Scintillators S1, S2, S3

- Each plane: two segmented X- Y-lay
- Hamamatsu PMT R5900, 48 Channels

ers

* TRIGGER: S1xS2 xS3

* TOF: ParticleID / albedo rejection
* dE/dx measurements ( charge )

\ -
i
3
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ToF : Time Resolution

%
Pl
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N (Anti)proton/electron discrimination
s possible up to
~ 1.5 GeV/c
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Si-W Imaging Calorimeter

* 22 planes of Si (380um) / Tungsten (2.6mm)
96 strips per plane (2.4mm pitch)

* 16.3 Rad.Length, 0.6 IntlLength

* 4224 channels et
* Dyn.range 1400mip, Self-trigger option = |
Pamela-ASIC CR1.4P
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Imaging Calorimeter: Performance

0.2-|| T T T T 17T T T T T T 111X T LA R | ]

o(E)/E

018 Self-triager mode -

ﬂ.15§—. ¢'_§
* Energy resolution ~5 % at 200G6eV s \ .

012 +° o © -

* SelfTrigger mode: “F ]

0.08— —

300 GeV at G.F. ~ 600cm?sr (x 30) “'“;‘ | AR, —55%
e -identification up tfo 1-2TeV. B ;

002 -
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Calorimeter: Electron-Proton Separation

1400 H S et _ 2

1200

SPS Test
Beam: _
pde soof
200 GeV/c s}

1300

Numnber of strips hit

200 |

S I . | . | ; 1 ; | ; | ;
Uﬂ SQ00 10000 15000 20000 25000 S0000 35000

‘ Total detected energy (mip)
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Calorimeter: Electron-Proton Separation

SPS Test
Beam: ; - 0.5R,, ~ 1.5 strips
pde A
200 GeV
E Energy fraction in cylinder
: around particle track
Froction of detected energy - Transversal shower profile
= |
- | = Proton r'ejec‘rign
factor ~ 3x10
- Electron selection
efficieny 95%
O
‘,\ Froction of detected energy '
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Tracker+Calorimeter Performances

SPS Test SPS Test
Beam : Beam :
P 50 6GeV/c B p 100 GeV/c

Date 030921 File 293 Event 2060 Date 030920 File 169 Event L15

-
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Tracker+Calorimeter Performances

SPS Test SPS Test
Beam : Beam :
P 50 GeV/c p 100 GeV/c

I
I W
| KL N NE 1 NENNTE u
WE . |
IEEEE ] | “

Date 030921 File 293 Event 2048 Date 030920 File 169 Event 1023
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Tracker+Calorimeter Performances

SPS Test SPS Test
Beam : Beam :
e 50 GeV/c & e 100 GeV/c

1T | RN W L
1 1IN THNEN RN | 1
o maiw i i °

Date 030921 File 223 Event 35 Date 030920 File 245 Event &
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Transition Radiation
Detector
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Transition Radiation Detector

* 9 planes of 1024 straw tubes (28cmx4mm)
- crude tracking

* HV1400V; Gas Xe/CO, ~80/20%

* Radiator: Carbon fibre (60g/1)

aaea \/
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%
Eh ﬁj!\a R.Wischnewski The |




TRD Performance

Design goal: 5% hadron contamination @ 90% electron-efficiency

%102— 1 Ogmz—"...é
g s v, =14, E= 2 GeV/c § § v, = 287, simulated data ¢ =
= = y,=21,E= 3GeV/c 3‘:2 E . ° e
= a2 3 m *
% sy, =29,E=4GeV/c 5 % . . _ = 7
§ v, = 29, simuloted data a) > - n “
T bt Ty - x _
For -+ - »
K. 3 1 i . *
i ' R 1 5% e P oo T
T ;
NN R -
| P h | A * + 4+ a4y, =287, 40CeV/c |
: 4 * " =y, = 430, 60 GeV/c
I ] - I e -
; # % * | F+ e y, = 758, 80 GeV/c]
| I ] ! 1 | L |9(I)| %\ [ v by v b b by oy oy by 99 |0\/0| [

60 65 70 75 80 85 90 93 100 60 65 70 75 80 85 90 95 100
electron efficiency (%) electron efficiency (%)
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AntiCoincidence System

CAT:

1 Plane with
8 PMT

CAS:
4 Planes around Magnet,
with 2 PMTs each

Detector-efficiency high:

>99.9%

Purpose:

reject spurios trigger from
\ particles in "blind" areas
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AntiCoincidence - Random Vibration Tests

Stimulus
[20 Hz - 2 kHz / 120 s]

* O(20) gRMS integrated amplitude per PMT
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* PMTs have thin (0.8 mm) windows | -

- Coupled to scintillator with silicone cookies (3 mm)
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PaMALA R.Wischnewski The PAMELA Space Miss

Discriminator Voltage (mV)

[NIM A48

e
—




Bottom Scintillator &
Neutron Detector
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Shower Scintillator

10" eV — 1073 eV e- = local probe

e Plastic scintillator: 482 mm x 482 mm x 10 mm

* 6 PMT read-out

» Dynamic range: 1 - 1000 MIP

Sion

Neutron Counter

* 2 x 18 3He proportional counters
(polyethylene moderator /
Cd envelope)

- 600 x 550 x 150 mm3
*n+3He > p+3H+765 keV

* O(10) more n's in hadronic cascades
than in EM




Orbital period pa

One Orbit with SAA \

Trigger + DataRate

Counting rate (Hz)

Level_1:

+ TOF Scintillator Coincidence A N e =N
- S1xS2xS3  or wl
- 52 x S3 "
12 Hz /6F.= 205 cm?sr + b.g. ® o 2 # o 8°Tz_me (min‘)"“

* Calorimeter SelfTrigger (E>0.3TeV) J—

= Imaging with imagery
data accumulation
in the memory

high latitude equator high latitude

[

Imaging with simultaneous

]'O mHz / GF = 600 szsr' F =imagery data transmission C;j |
Data Rate / Storage / DownLink S = —ET
+ 12 Hz x 5kB/evt ~5 GB/day T T
* Up to 20 GB daily accumulation + ¥ - -

dOWﬂll k in a few ground-connections [
P—@ﬁ R : A Space Mission, D

| Coverage 448 km \7

Orbital
altitude |

Imagery
data |-

-~ |Ground strip length up to 2,100 km
Ground strip width 28.3 km




Trigger_VETO with AntiCoincidence
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GOOD EVENT

BG Event - rejected

600D Event - VETO'ed

With a simple AntiCoincidence -VETO in 1st or 2ndLevel Trigger >

= high Veto-Rate by BackScattering from CALO for good & rare events
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- No AC-VETO

OR PAMELA -

- (AC-VETO .AND. (low CALO activity) ) 2
- Efficiency above 100 GeV reaches >95% nd Level

9
)

Trigger
§0.18i '-'§- - T
- E | | |
- 3 1 i P i
0.16 - 1 g = u
Loss of good Elec Events w/ 2ndTrigger : g™
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OnBoard - DataAcquisition
( "PAMELA CPU" )

+ DAQ for the Experiment
4+ Satellite <> PAMELA communication
4+ Emergency handling ‘autonomous’

(few times / day only ground control)

+ Design with high reliability & redundancy

4 Careful system debugging on ground

-
:j\ INFN
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- The °* Pamela Storage and Control Unit”

-y 51
L =

¢ CPU 17 Mips/24MHz ERC32/LABEN-SpA

- a recently space-qualified SPARC V7
¢ 4 Mbyte SRAM
_________ ¢ 2+2 GB Mass Memory
B | Mil-1553 RemoteTerminal to Satellite
¢ Telemetry & Housekeeping & Pamela-IF
¢+ RealTimeOS: RTEMS (ESA/ESTEC Develop.System)

¢ Software: careful system design - “"standalone operation”
¢ Power/Weight 30W / 7 kg:  Total Cost: 0(10° Eur)

RAM (2x2 GB)
CPU, Interfaces
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PAMELA DAQ - Schematics

FrontEnd IDAQ PSCU : Spacecraft :
R/0O Compress MPX Level-2 Trg : . .

: MKCMD, TeleM :

<t : <>
CMD, Setup
< CMD, Setup
Data,Status
Data,Status
Data
-
¢
Trigger

| 16 x Error




PAMELA Status: The " 3 Models “

Satellite manufacturing follows a main "dogma” :

Production goes in 3 steps with 3 "Models” for satellite projects.

(1) MASS
THERMAL MODEL - mechanical, thermal, dimensional test. Correct.
DYNAMICAL

(2) TECHNOLOGICAL MODEL > verify functions & Satellite Interfaces. Correct.
Full *1:1 copy” of final Satellite
with all active components ( ~ a "backup of the original” ).

(3) FLIGHT MODEL > verify & ready to fly.

All *lessons” from Technological Model included;
use space-qualified components.

- |

r'l'l



PAMELA - Status

(O) Detectors and Systems are designed & ready.

(1) MASS and THERMAL MODEL -~ done.
> All fests passed.

(2) TECHNOLOGICAL MODEL > ~ done.

> Assembly finished @ Rome (~1 yr).
> Now Infegration with Satellite at Samara in 5/2004.

(3) FLIGHT MODEL
> System Integration is under way @ Rome.

> SPS BeamTest of almost complete setup done in Sept/2003
for final calibration & alignment.

%
P* ;{; R.Wischnewski The PAMELA Space Mission, DESY-Zeuthen, April 2004
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PAMELA -

2
Trigger  TRD

7 = ":j:.. .J

Detector tests

Detectors operated at CERN PS/SPS
TestBeams as Prototypes and
in FM configuration.

Magnet/Tracker,

Calorimeter
wa B

FlightModel,
SPS, July 2002 |ELA Space | SPS, 9/2003




MassThermalModel +

Pamela Container at
TsSKB Samara/Russia

PAMELA - Integration

Pamela Research
Hardware
pressurized container
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PAMELA - MassModel

Pamela Pressurized Container
+ Pamela Mass-Thermal-Model
at TsSKB Samara/Russia, 11/2002
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PAMELA - Thermal Model

Complete PAMELA ThermalModel
passed Thermal in

TsSKB Thermal/Vacuum Chamber

TRD flanged
pipes

Satellite driven
PAMELA Cooling
was‘rem

VI crate

Tracker flanged

- £10
__pipes g

£ 30 |

e -, 4 o 4 20 +

Calorimeter pipes ; : 10 - . .
— [ n, April 2004 55 INFN
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Day - time



PAMELA -

Vibration Model

Full Cycle of Vibration / Shock
passed

at IBAG/ Munich and TsSKB

o

PAMELA QUALIFICATION SPECTRUM
LIFT-OFF input random spectrum x 2.25
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Verifying PAMELA Orbital Operations:
Satellite RESURS-DKI:
Parking <-> Working Position

Dynamic verification nE
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Flight Model Integration

@ INFN -Rome?2

FlightModel leaving o CERN/SPS,
Sep‘r2003 (w/o TRD,TOF, ext.Elect.)

PAMELA-FM inside
TransportContainer (|

Design: >6000km flight &
1000km rail, +40/-50C outside

@éﬁh R.Wischnewski The PAMELA Space Mission, DESY-Zeut



TCChﬂOlogicql Model TModel is completed and

shipped to Samara,
@ INFN“RomeZ Aer')iT 9th 2004 0
g g — e
, S
,,._.3,}'& ! :
. j };. j
- /

PAMELA-TM inside
TransportContainer




Physics program: .
DarkMatter & An’riMaﬁer"
- The PAMELA Launch

==}

Launcher, Satellite

e
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* PAMELA's finalization is now at 'rop-pior'i’ry @ INFN.

* Upcoming spaceborn projects with major INFN contributions:

- AGILE (2005) Gamma-Rays

- GLAST (2006) Gamma-Rays

- AMS-02 (2007) AntiMatter + Gammas
- EUSO (»2010) EHE-CRs

- LISA (>2010) Grav.Waves

Excellence in (AP-) Physics and DetectorTechnology, usage of
HEP-tools, Timescale, .. - suggests that these projects are
viable options for the future of any HEP-laboratory..
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