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The PAMELA experiment

P. Spillantini for the PAMELA collaboration

Abstract. The PAMELA equipment is in the assembling
phase and in the next months will be installed on board of
the Russian satellite Resurs DK; the launch is foreseen at the
end of 2002.PAMELA is conceived to study the antiproton
and positron fluxes in cosmic rays up to high energies: 190
GeV forp and 270 GeV for €. Other scientific purposes can
be enumerated: search of antinuclei up to 30 GeV/n, with a
sensitivity 10°7 in the He/He ratio; determination of energy
spectrum for nuclei with Z 6 and for € ; measurement of
the isotopic composition of light cosmic nuclei; monitoring
of the cosmic ray flux at different phases of the solar cycle
and study of the particles emitted in solar flares. During these
years, from the first proposal of the experiment (1993) up to
now, the configuration of the apparatus has been optimized
doing simulations and tests, concerning both the physics and
the technical characteristics. In this paper we report about
the performances of all the detectors and the capability of
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The PAMELA telescope (figure 1) will be launched in space
in December 2002 and will enter a sun-synchronous orbit at. .
350-- 600 km of altitude and 70%4of inclination. These or- _ _ _ _
bital characteristics will allow a mission more than two year Fi9- 1. The PAMELA telescope is about 1 m high and consists of
long and will enable the telescope to investigate the galactic transition radiation detector, a magnetic spectrometer equipped
. with silicon microstrip detectors, a silicon/tungsten calorimeter, a

component of cosmic rays close to poles, where the geomag: ) S

fi t-offis | ime-of-flight detector, and an anti-coincidence system. The mass
netic cut-o . IS lower. . . . of the whole detector is about 400 kg.
PAMELA will detect antiprotons and positrons, allowing the
measurement of the ratiggp and € /(e* + e~) with statis-
tics never reachgd in balloon-borne experlme_nts (sge for N5 structure of the telescope
stance (M. Boezi@t al,, 2001) and references in) which are
limited by the short duration of the mission and by the ef- Maanetic spectrometer it is composed by ferromaanetic
fects of the residual overlying atmosphere. In addition, these g P P y g

o . : modules, interleaved with six silicon microstrip detectors.
quantities will be measured in an energy range larger thanI'he magnetic material is a Nd-Fe-B alloy, shaped in 5 blocks
that obtained in previous missions. The resultPAMELA 9 Y, P '

. .each 80 mm high, with a rectangular cavity for the passage
will also cpmplement data gathered by ground-based COSMICL  <mic rays, 13 162 mn? wide. The intensity of the
ray experiments.

. . . magnetic field isv 0.48 T at the center of the hole. The flight
The geometrical factor of the instrument is 20.5%em as a )
A o : model of the magnet has been already built and a map of the
consequence, during its missiBAMELA will detect more field intensity has been done using a dedicated machine pro-
than2 x 10* p and more thar? x 10°> et. The expected y 9 P

. . . o .. vided with a three axial probe.
counting rate for the experiment is shown in figure 2 and it o .
. o ) The silicon planes cover the area of the cavity and are formed
has been obtained taking into account the motion of the satel: . ; : . i
: : . ; by a matrix of six double sided microstrip detectors, %0
lite along the orbit and the corresponding flux of cosmic and

wapped parices in BAMELA enray range (530 Mev 22 10 SR 20: (00 elle f S0Cne STeehimes e
for protons and E50 MeV for electrons). P bp 9 '

ing of an aluminum frame 8 mm thick, designed to give the
Correspondence td®?. Spillantini silicon sensor the needed mechanical resistence. The strip di-
(spillantini@fi.infn.it) rection on the X view is suitable to detect the position of the

54




2216

i I | Entries 4616
~ 103; 450
I |
E/ 102 400 -
B Orbital period = 1.57 h O 3
[@)] L D C 350
£ ol g |
s AR AR AR AR o=
o [ L
O . a_-) 250
JWYVUVVVUVUVVYVL S ol
10t | | | | | | | | | | ..@ 200
0 1 2 3 4 5 6 7 8 9 10 1 12 C L
Time (h) 3 150 |
10 8 L
i 100 |
i SAA L
/I’\T 10 E 50
B’mz 07@ NN TR bk
® Solar minimum 20 -15 -10 -5 0 5 10 15 20
2.1 | AX (um)
<
> [
2 /T\ aa
O . m m\ Fig. 3. Measured spatial resolution on the junction side of the sili-
/Somr qu;muv con planes (X view) , where the read-out pitch is;58.
. | | | |

10

0 0.314 0.628 0.942 1.256 1570

Time (h)

calorimeter ofPAMELA is composed by 11 modules, each

Fig. 2. The expected trigger rate of the experiment during a 12formed by two series of: silicon plane (X view), absorber
hour period (_above) and during an orbit (below). The passage in th?2_3 mm thick), silicon plane (Y view) for a total number of
Sfoum At.ltarc'jt'clAnomaly’ dvmere t?e ﬂuxloz.pa”']fltis Is several Ortqelr544 silicon layers 38Qm thick and 22 absorber layers. The
ﬁuxﬁﬂltﬁeioﬁﬁémy cyilinalrceoglg;:lrlg(/)&:iblee cosmic particleS,qtal thickness of the calorimeter corresponds to 0.9 interac-

' tion lengths and 16 radiation lengths. Each plane is 240
240 mnt wide and is an array of nine basic detecting units.
This kind of calorimeters has been already utilized by the
track along the bending direction of charged patrticles; thiswiZard collaboration in several balloon-borne experiments,
view hasp™-type strips with implantation pitch of 2amand  obtaining high reliability and good performances ( The WiZ-
read-out pitch of 5:m, without significantly degrading the ard collaboration (1993); M. Ricat al.(1999)).
spatial resolution: one can take advantage, in effect, from th&he calorimeter oPAMELA, endowed with high granular-
capacitive coupling between two adjacent strips to collect thaty, can reconstruct the particle path inside the detector vol-
charge generated in the silicon wafer by the interacting parume and measure the energy deposit of the complete electro-
ticle. In the orthogonal direction, on the Y view, th&-type magnetic shower, providing separation between leptons and
strips are 67:m apart. For this configuration there are 36864 hadrons at high confidence level. The rejection power of the
electronics channels in the tracker. calorimeter has been measured in a test beam session at SPS,
The spatial resolution reachable utilizing this geometry isin July 2000. Here the separation between electrons and pi-
3.0+0.1 pm on the junction side (fig. 3) and 1458.6 um ons at momentum 100 GeV/c has been studied using a re-
on the ohmic side. The non-gaussian tail in figure 3 is assoduced number of modules in the calorimeter with respect to
ciated with high multiplicity events and could be explained the final configuration. Extrapolanting these results for the
with emission ofs-rays in the silicon layer. The signal-to- flight model one expects an energy resolutiob% between
noise ratio (for Minimum lonizing Particles) for these detec- 20 and 100 GeV and a rejection power of f6r protons and
tors is about 50 for the X view and 25 for the Y view, ensur- electrons in antiproton and positron measurements (selection
ing high efficiency in cluster recognition. efficiency 95 %). In figure 4 the total number of hit strips as
The Maximum Detectable Rigidity (MDR) of this spectrom- a function of the total energy release is reported for a sample
eter is 800 GV/c, but the proton and electron spillover back-of SPS events and the good separation between leptons and
ground sets a limit value for the energy©f200 GeV forp hadrons can be observed.
and~ 300 GeV for €. Transition Radiation Detector this is a threshold detec-
Calorimeter: the electromagnetic sampling calorimeter uti- tor which utilizes theX-radiation emitted by high energy
lizes single-sided silicon planes (segmented in macrostripsparticles crossing the interface between media with differ-
with pitch 2.4 mm) and tungsten layers as absorber. Theent dielectric constants. THRAMELA TRD can identify
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Fig. 5. Fraction of counts for electrons (shaded region) and pions
Fig. 4. The separation capability betweenm @nd =~ for the as a function of the energy release in the TRD. This plot has been
calorimeter prototype at a given value of the momentum (1000btained with data gathered at SPS in July 2000 wherared ™
GeVi/c). The total number of hit strips as a function of the energy & momentum 40 GeV/c were utilized.
deposit is reported.

estimate of the particle impact point. The time resolution of
leptons out of hadrons up to several hundred GeV detecteach sector is about 120 ps. All the TOF planes cover an area
ing the radiation produced when a cosmic particle passesorresponding to the angular aperture of the telescope, so to
through 10 planes of carbon fibre radiator. This radiation isoptimize the trigger and the rejection of upward moving par-
detected by straw tubes planes, interleaved with the radiatordicles.
A total of 1024 tubes, 280 mm long and 4 mm in diameter, AntiCoincidence systemin PAMELA two different AC de-
are used; they work in proportional regime, maximizing the tectors are present and they cover all the solid angle excluded
photon conversion capability, thanks to both the gas mixtureby the angular aperture of the telescope, upon and around the
used (80% Xe and 20% CGQand the operating high volt- magnet. These detectors consist of scintillator planes 8 mm
age: 1400 V (the gas is furnished by an on-board storage othick, read-out by photomultipliers similar to those present in
1.50 n¥, at STP). The straw signal is acquired using a pulse-the TOF system. The anticounter front-end electronics sends
height measurement technique. Theontamination of 5%  discriminated PMT pulse information to the anticounter data
at 90% of electron selection efficiency, is in good agreementacquisition board which in turn is connected to the global
with the actual one estimated from beam tests (figure 5).  data acquisition system.
In the plot one can see that radiating particles, like electrons,
release a greater amount of energy, due to transition radia-
tion, with respect to pions, whose energy loss follows a Lan-3 Conclusions
dau distribution (see also tHRAMELA TRD contribution in
this conference). At the present thd?PAMELA project is completely defined
Time Of Flight system in the framework of the experiment and the flight model is under construction. All the tests con-
it has three primary tasks. The TOF in fact provides the trig-firm that the scientific requirements are reachable and that
ger to the other detectors and to the data acquisition, selecRAMELA can significantly contribute to the knowledge of
albedo patrticles with very high accuracy (by means of theantiparticle and particle spectra in cosmic rays. Up to how
determination of the sign gf) and reduces the particle con- with balloon flights only~ 500 antiprotons have been de-
tamination in antiparticle measurement belewl GeV. tected (figure 6); th®AMELA apparatus will be capable in
It is composed by five planes of scintillation counters 7 mmthe next years to collect more thanx 10*p and2 x 10°
thick, two on the top of the telescope, one upon the magnee™ giving us high-statistic information on the behavior of the
and the last two below the tracking system. Each plane ispectrum above 40 GeV (where no measurements are avail-
divided in narrow, long sectors, which are read by two pho-able). In this way theoretical models can be tested, under-
tomultipliers at the opposite ends. These sectors are disposexlanding if the antiproton flux is consistent with secondary
mutually orthogonal in adjacent planes, so to provide a roughproduction in the interstellar medium or if primary sources
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i PAMELA energy range
10 2 expected antiprotons in PAMELA > 2X1 04

Fig. 6. In this figure the ratios
P/p (above) and e/ (et + e) (below)
are reported, obtained with balloon-
borne missions. Up to now, in bal-
loon flights, only about 500 have
been detected and about 10 fBr >
10 GeV. PAMELA can provide high
statistics measurements of this quanti-
ties, spanning over three decades in en-
ergy with the same detector. In addi-
tion the residual atmospheric depth for
PAMELA will be negligible, compared
10 “‘1‘0_1 — 1 — 10 S E— with that present at altitudes reachable
N with balloons. A monitoring ofp and
Kinetic Energy (GeV) et fluxes at different periods of the
solar cycle can also be done for low-
energy particles and antiparticles.
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must be introduced to explain the observed spectrum. J. Fanselovet al. 1969, ApJ 158,771
R.L. Golden 1987, A&A 188,145
R.L. Golden 1984, Astrophys. Lett. 24,75
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