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The PAMELA experimentThe PAMELA experiment
Search for antimatter
S h f d k tt

First switch-on on June 
21th 2007Search for dark matter

Study of cosmic-ray 
propagation

21th 2007
Continuous data taking 
mode since 11th Julypropagation

Study solar physics and 
solar modulation

mode since 11th July 
2006
Detectors are 

f i i llStudy of electron 
spectrum 
S d i l

performing nominally
Analysis is in progress

Study terrestrial 
magnetosphere

Launched on June 15th 2006 !Launched on June 15th 2006 !



PAMELA apparatusPAMELA apparatus
7 detectors combined for 7 detectors combined for highhigh--sensitivity particle identification and precise momentum measuresensitivity particle identification and precise momentum measure

TiTi OfOf Fli htFli htTimeTime--OfOf--FlightFlight
plastic scintillator strips + PMT:plastic scintillator strips + PMT:
⇒⇒ trigger, albedo rejection;trigger, albedo rejection;
⇒⇒ mass identification up to E ~ 1 GeV;mass identification up to E ~ 1 GeV;

h id tifi ti f dE/dXh id tifi ti f dE/dX⇒⇒ charge identification from dE/dX.charge identification from dE/dX.

Magnetic spectrometerMagnetic spectrometer
with microstrip Si tracker:with microstrip Si tracker:

h i d th i d t⇒⇒ charge sign and momentumcharge sign and momentum
from the curvature;from the curvature;
⇒⇒ charge identification from dE/dX.charge identification from dE/dX.

El t ti l i tEl t ti l i tElectromagnetic calorimeterElectromagnetic calorimeter
W/Si sampling; 16.3 X0:W/Si sampling; 16.3 X0:
⇒⇒ discrimination e+ / p,  ediscrimination e+ / p,  e-- /    /    
from shower topology;from shower topology;

di t E t fdi t E t f⇒⇒ direct E measurement for edirect E measurement for e--..



The The TimeTime--ofof--Flight Flight systemsystem

provide a fast signal for provide a fast signal for 
triggering data acquisition in thetriggering data acquisition in the

6 layers (3 planes, double view)
S l ddl ( i ill 2 triggering data acquisition in the triggering data acquisition in the 

whole instrumentwhole instrument

measure the flight time of measure the flight time of 

Several paddles (scintillator + 2 
PMTs) for each layer

gg
particles crossing its planesparticles crossing its planes;;
once this information is integrated 
with the measurement of the 
trajectory length through the 
i t t th i l it binstrument, their velocity can be 
derived. This feature enable also the 
rejection of albedo particlesrejection of albedo particles

determine the absolute value of determine the absolute value of 
charge z of incident particlescharge z of incident particles
through the multiple measurement 
of the specic energy loss dE=dx in p gy
the scintillator counters



Monitoring Monitoring ToF ToF in orbitin orbit
Main items to control:Main items to control:

Gain stabilityGain stability
variation of gain as function of time changes the conditions forvariation of gain as function of time changes the conditions forg gg g
all measurement operations and has to be taken into account all measurement operations and has to be taken into account 
in the calibration software in the calibration software 

Time resolutionTime resolution
a good time resolution means, first of all, a good a good time resolution means, first of all, a good ββg , , gg , , g ββ

measurement!measurement!



Gain measurementsGain measurements

t2
)/2Select a clean sample of protons as Select a clean sample of protons as 

reconstructed by the magnetic reconstructed by the magnetic 

To
F 

(t1
-ty gy g

spectrometer with rigidity>5 GV spectrometer with rigidity>5 GV 
and and ββ>0.7 which hit ToF paddles in >0.7 which hit ToF paddles in 
a window of a window of ±±2.5 cm from the 2.5 cm from the 
centre of the paddle itself centre of the paddle itself 

Tracker x 
(cm)

F thi l l t d fit th L d di t ib tiF thi l l t d fit th L d di t ib tiFor this sample we can plot and fit the Landau distribution For this sample we can plot and fit the Landau distribution 
of the raw ADC signal: its peak value is the parameter we of the raw ADC signal: its peak value is the parameter we 
have to controlhave to control



Gain stabilityGain stability
For the periods during which there is a loss of gain for some PMTs   For the periods during which there is a loss of gain for some PMTs   
we use “ad hoc” calibration parameters to normalize the situationwe use “ad hoc” calibration parameters to normalize the situationwe use ad hoc  calibration parameters to normalize the  situationwe use ad hoc  calibration parameters to normalize the  situation

raw adc vs. time

dEdx in m.i.p. in the same time interval



Single paddle time resolutionSingle paddle time resolution
The position of the hit point on a paddle The position of the hit point on a paddle 
as reconstructed by the ToF is proportional as reconstructed by the ToF is proportional as eco st ucted by t e o s p opo t o aas eco st ucted by t e o s p opo t o a
to the difference of the time to the difference of the time 
measurements operated at both ends for measurements operated at both ends for 
that eventthat event

Plotting this TOF position vs. the position as 
reconstructed by the Tracker (assuming 

li ibl th t t i th j t dnegligible the uncertanty in the projected 
position), the σ of the distribution of 
residuals gives us the single paddle time 
resolutionresolution.



Single paddle time resolutionSingle paddle time resolution
At this moment the measured time resolution is ~200
ps for S1 and S3 paddles and ~150 ps for S2 paddlesps for S1 and S3 paddles and 150 ps for S2 paddles
for Z=1 particles

F hi h Z th ti l ti iFor higher Z the time resolution improves:
preliminary result for Z=2 is ~105 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)reached a value of 48 ps for Carbon ions)

We expect improvement for Z≤3 from Time-Walk
effect correction (work in progress)effect correction (work in progress)



ββ resolutionresolution
The resolution on measurements of time of flight within two paddles of two The resolution on measurements of time of flight within two paddles of two 

different planes is the composition of the single paddle time resolution:different planes is the composition of the single paddle time resolution:p p g pp p g p

Remembering that time of flight and Remembering that time of flight and ββ are related by:are related by:

We can easy derive We can easy derive ββ resolution according to:resolution according to:

Preliminary β resolution: ~14% for Z=1 (single measurement)

Also this result improves for higher Z and can be improved considering multiple measurements 
for the same event (6 layers allow several 2 paddles combinations…) 



ConclusionsConclusions

The system is working well!

Preliminary results are encouragingPreliminary results are encouraging

Several improvements are possible

Work is in progress!p g





ββ measurementmeasurement withwithToFToF
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tS1 = ( t1 + t2 ) / 2
ΔT = tS2 - tS1 = a +b/β

tS2 = ( t3 + t4 ) / 2
Calibration constants


