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Abstract:. The PAMELA (Payload for Antimatter Matter Exploration and Light nuclei Astrophysics) experiment is a 
satellite-borne apparatus, mounted on the Resurs DK1 Russian satellite, in orbit around the Earth since June 15th 
2006.  The apparatus is able to identify charge particles in the cosmic radiation by using an array of detectors which 
includes a time-of-flight system, a magnetic spectrometer, a silicon-tungsten electromagnetic calorimeter. In the stan-
dard analysis the measurement of the charge magnitude Z of the incoming particle in the apparatus is performed by 
the  time-of-flight system and the momentum of the particle is provided by the magnetic spectrometer. As an inde-
pendent measurement and internal consistency check we report preliminary results on flux ratios of light nuclei ob-
tained by using time of flight system to measure both Z and energy of incoming particles in the range from ≈  0.2 up 
to few  GeV/n. 
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1 Introduction  
 
The PAMELA experiment is a space-borne apparatus 
devoted to the study of cosmic rays, with an emphasis on 
the measurement of the cosmic-ray antiproton and posi-
tron energy spectra. The instrument was launched from 
the cosmodrome of Baykonur, on June 15th, 2006. 
It is carried as a ’piggy-back’ on board the Russian Re-
surs-DK1 satellite for Earth observation. The satellite 
flies into a 70.0±  elliptical orbit at an altitude varying 
between 350 km and 610 km. The apparatus is able to 
identify charge particles in the cosmic radiation, in the 
energy range E ≈  107 ÷  1012 eV by using an array of 
detectors which includes a time-of-flight system, a mag-
netic spectrometer, a silicon-tungsten electromagnetic 
calorimeter. The instrument is still flying and will con-
tinue to acquire data till to the end of this year. The mea-
surements of  the flux ratios of  protons and  electrons 
with their corresponding antiparticles [1] [2] and, more 
recently, the absolute fluxes of Hydrogen, Helium [3] 
and electrons, over a wide energy range have been pub-
lished [4]. The work on the measurement of the light 
nuclear component of Galactic cosmic rays with the 
PAMELA instrument is still in progress [5]. Object of 
this paper is the description of a procedure in which the 
charge magnitude Z and  the kinetic energy per nucleon 
of a nucleus  traversing the instrument is obtained consi-
dering only information given by the TOF system. This 
measurement should be considered as an internal consis-

tency check, in a very limited energy range, of the “stan-
dard” measurement in which the kinetic energy per 
nucleon of the particle is obtained from the rigidity 
measured by the  magnetic spectrometer. However, de-
spite all the cited  limitations and in the restricted energy 
range allowed, this method could have, respect to the 
standard analysis, a better overall reconstruction efficien-
cy and therefore better statistics as well as no systematic 
uncertainties arising  from to the isotopic composition of 
the measured nuclei which plays a relevant role in rigidi-
ty to energy conversion.  

2 The Pamela experiment 
 
As shown in fig. 1, the core of the instrument is a perma-
nent magnet spectrometer equipped with a silicon tracker. 
The tracking system consists of six 300 μm thick silicon 
sensors segmented into micro-strips on both sides. The 
mean magnetic field inside the magnet cavity is 0.43 T 
with a value of 0.48 T measured at the centre. Momen-
tum is determined for each particle by measuring its 
deflection in the magnetic field with the silicon detectors. 
A sampling electromagnetic calorimeter, composed of W 
absorber plates and single-sided, macro strip Si detector 
planes is mounted below the spectrometer. A scintillation 
shower tail catcher and a neutron detector made of 3He 
counters enveloped in polyethylene moderator complete 
the bottom part of the apparatus.  
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Figure 1. A sketch of the PAMELA instrument 

The main task of this section is to select positron and 
antiprotons from like-charged backgrounds. 
A Time of Flight (ToF) system [6], made of three 
double-layers of plastic scintillator strips, provides the 
velocity (β  = v/c) and energy loss (dE/dx) measure-
ments and allows particle identification at low energies. 
Particles not cleanly entering the PAMELA acceptance 
are rejected by the anticoincidence system. The detector 
is approximately 120 cm high, has a mass of about 470 
kg and the power consumption is 355 W. A very detailed 
description of the PAMELA detector along with an over-
view of the entire mission can be found in [7].  
 
3 Time measurement 
 
The TOF system measures the flight time of particles 
crossing its planes; once this information is integrated 
with the measurement of the trajectory length through the 
instrument, their velocity can be derived. According to 
the time  resolution of the system is possible just to reject 
albedo particles or make a good particle identification. 
One of the ways to determine a representative figure for 
the timing resolution of the TOF system is shown for one 
of the paddles of the top layer in Figure 2. For events that 
had been identified as Helium (Z=2), the position of the 
incident particle along the paddle as determined from the 
timing of the pulses in the two PMTs  is shown plotted 
versus the position as determined by the tracker. Note, 
that this plot shows the raw timing measurements with-
out any amplitude or position corrections. 
 

 
Figure 2. The position of the impact point along the  
paddle as reconstructed by the TOF system vs. the same 
quantity as reconstructed by the Tracker  for Helium 
nuclei. 

 

A linear fit to the distribution is shown as well, and sub-
tracting it yields the distribution of timing deviations 
from the tracker-position shown in Figure 3. Assuming 
negligible uncertainty in the projected position, a Gaus-
sian fitted to this distribution yields a single standard 
deviation of  σ  ≈  130 ps. 
Applying corrections for position and amplitude the 
measured time resolution is ~200 ps for S1 and S3 pad-
dles and ~150 ps for S2 paddles for Z=1 particles. For 
higher Z the time resolution improves: for Z=2 it is ~105 
ps, for Z=6 it is ~70 ps. 
This results are in agreement with some results from a 
beam test of February 2006 (in this case time resolution 
reached a value of 48 ps for Carbon ions) [9]. 
Each single measurement  of time of flight allows a β  
measurement, so the 6 ToF layers of PAMELA allow up 
to 12 independent measurements of time of flight and β . 
In most of the analysis of PAMELA data the velocity of 
the particle is obtained from a weighted mean of these 12 
values of β . Plotting distributions of 1/β  for relativistic 
samples of different nuclei we observe that the β  resolu-
tion improves with increasing Z. The measured resolu-
tion is σ  ~ 14% for protons and  σ  ~  5% for Carbon. 
 
 

 
Figure 3. Timing resolution of the single S11 paddle for 
Helium nuclei. 
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3.1 Charge measurement 
 
As explained in more details elsewhere [8] a particle 
traversing the PAMELA apparatus crosses, at least, 13 
layers of different detectors.  If the particles does not 
fragment in the detectors above the first plane of the 
calorimeter, 13 independent measures of the energy loss 
are performed. Combining the ionization energy losses 
measured in these layers with the trajectory defined by 
the spectrometer and the velocity of the particle meas-
ured by the Tof, the charge Z of the particle can be eva-
luated. More precisely it is possible to evaluate three 
independent value of Z, Ztrk, Ztof and Zcalo provided by 
the three independent charge-determining detectors of 
the PAMELA instrument, Tracker, ToF and Calorimeter. 
The redundancy of information offered by the three sub-
detectors is partially reduced as the charge of the cross-
ing particles increase. The tracker and the ToF systems 
are indeed optimized for Z=1 particles and lose linearity 
for high Z particles. In particular the tracker allows for a 
good charge separation only in the range from Z= 1 to 
about Z = 4. The dynamic range of the TOF covers nuc-
lei from Z = 1 to Z = 6 in the whole β  range  including 
also relativistic oxygen nuclei (Z = 8). The calorimeter 
covers the widest Z range, but the single layer method 
works fine only if applied to particles recognized as nuc-
lei by other detectors.  
The particle charge for Z >2 events was determined by 
studying the energy loss in the TOF layers. A complex 
charge calibration procedure allows, for each paddle, the 
reconstruction of the dE/dx of the particle starting from  
the raw data. The main steps are: 
 

1. ADC counts-pC conversion + attenuation of the 
signal along the paddle 

2. Compensation of non-linearity for relativistic 
sample 

3. Evaluation of Bethe-Bloch functions and com-
pensation of non linearity also for non-
relativistic sample 

4. Corrections for time dependence and aging ef-
fect  

 
Figure 4 shows the dE/dx as  a function of the measured 
velocity β  in a ToF paddle after corrections for attenua-
tion, gain variation and non linearity. The charge Z of the 
particle measured by the single paddle is obtained  by 
simply scaling for a Bethe-Block function.  
The strategy adopted to process charge data from ToF 
system  was to consider the information coming from 
different layers separately and to impose consistency in 
the charge assignments between layers. 
In particular, in each of the ToF layers, a nucleus is clas-
sified as having charge Z, if the measured Z coincide, 
within 1 (1.5) sigma, with the relative charge peak of the 
layer. In turn, a nucleus is classified as having charge 
Ztof = Z if at least three layers measure the same Z. The 
ToF layers selected to evaluate the charge of the par-
ticle,in this  approach, are S12 and the mean of the planes 
S21 and S22. 
 

 
Figure 4. dE/dx as  a function of the measured velocity 
β  in a ToF paddle. 

 
 
4 A completely ToF stand-alone B/C 

ratio measurement 
 
The determination of the particle charge in the PAMELA  
apparatus requires a good reconstructed track inside the 
spectrometer. Normally the position of the impact points 
along the detectors is calculated starting from the track 
parameters provided by the tracker. In this TOF stand-
alone analysis the trajectory of the particle inside the 
apparatus is instead calculated starting from the time 
information on each plane. The impact point is calculated 
for each TOF layer from TDC values and a linear track is 
then associated to each event. The charge of the particle 
is then evaluated applying the corrections for angle and 
attenuation along the paddles as obtained from this re-
constructed track.  In this way a charge determination 
absolutely independent from tracker is obtained.  
Another  difference respect to the standard analysis is 
relative to the evaluation of the particle velocity. 
In defining the β  of the particle we consider only the 
measures coming from layers used to select particles. In 
particular if our selection criteria for nuclei require a 
consistency among the first four TOF layers, the velocity 
will be calculated considering only the mean of the β  
values  measured between these planes. In particular for 
this analysis we define  two new variables β up and 
β down which are the velocities of the particle measured 
using respectively the first four or the last four TOF 
layers .  
 
4.1 Data analysis 
 
The data considered for this study was acquired in the 
period July 2006 to January 2010.  
 
A set of selection criteria was imposed on the whole data 
set to preselect a nuclei rejecting much more abundant 
protons and Helium nuclei (Z = 2): 

� β  > 0. 
� Less then three paddles hit on each of the six 

scintillator layers. 
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� Ztof (layer S11 or layer S12) or Ztrk greater the 

2.3. 
 
good quality sample of nuclei candidates (rejection of 
albedo particles and multiple event, removing South 
Atlantic Anomaly, etc.)  
In order to select a sample of Carbon and Boron nuclei 
by using information provided only by the TOF system 
the layers S12, S21 and S22 are used for nuclei identifi-
cation. For each of this ToF layer we calculate functions 
Z=f(E) and σ =f(E) for each nucleus by using  samples 
of nuclei recognized as having charge Z simultaneously 
by the remain layers of the TOF and by Calorimeter. In 
particular for carbon nuclei we require:   
 
|ZS12-ZC

S12(E)|<1σ C
S12(E) AND |ZS2-ZC

S2(E)|<1σ C
S2(E) 

 
The kinetic energy per nucleon E is derived event by 
event from β  measurement according to the relation 
E=amu(γ -1) . As a consequence of resolution in β  
measurements, such energy measurement is reliable up to 
2.5 GeV/n. Is worthwhile to note that such energy deter-
mination is independent of the isotopic composition . 
All other sub-detectors are used, for this work, only for 
cross-correlation purpose in the “calibration” phase. 
To evaluate the selection efficiency we use a monochro-
matic sample of B and C selected by S11 and S3 layers:  
                                                                                           
|ZS11-ZC

S11(E)|<1σ C
S11(E) AND |ZS3-ZC

S3(E)|<1σ C
S3(E) 

 
On this sample the same “quality” cuts as for the analysis 
sample were required. 
Figure 5 shows the calculated efficiency as function of 
the particle energy for the Carbon sample. 
The efficiency of the selection is very law at low energy 
values, especially for Carbon, because of the early satu-
ration of the S2 plane.  
 
 
 

 
Figure 5. Efficiency of C selection  

 
The results on the measured ratio of B/C obtained by this 
procedure is shown in figure 6. The result is still 

preliminary and controls are in progress to verify the 
quality of the measure, particularly in the region at  lower 
energy. 
 
 

 
 
Figure 6.  The measured B/C ratio.  

 
 
5 Conclusion 
 
A preliminary results on flux ratios of light nuclei ob-
tained by using time of flight system to measure both Z 
and energy of incoming particles in the range from ≈  0.2 
up to few  GeV/n has been presented. 
The described measurement, as already underlined, has 
to be considered as just an internal consistency check, in 
a very limited energy range, of the “standard” one in 
which the kinetic energy per nucleon of the particle is 
obtained from the rigidity measured by the  magnetic 
spectrometer. 
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