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Cosmic Rays
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•  Cosmic ray Flux: Intensity of CR in space per 
unit of area, solid angle, time and energy

•  Energy range up to 1020 eV
•  Intensities spanning 30 orders of magnitude

•  Most of cosmic rays are protons and nuclei
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Cosmic ray flux at Earth !

POWER LAW SPECTRUM+

“KNEE”!

“ANKLE”!

1 particle per m2 per second+

1 particle per m2 per year+

1 particle per km2 per year+
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Experimental detection
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Space exp!

Balloon exp!

Ground exp!

Protons!

Electrons!
Positrons!

Antiprotons!
Photons (diffuse)!

AMS!

ATIC!

All Particles!
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•  Primary cosmic rays interact with atmosphere. Only secondary CRs from 
interactions reach the ground.

•  Flux steeply falling as function of energy. Need large collection areas 
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Ground based experiments
Gamma Rays!Charged CRs!

•  √  Large collection areas ! probe CR energies TeV –Eev ranges
•  X  Indirect measurements

•  Primary CR identified via the analysis of shower shapes and composition at 
ground (highly rely on MonteCarlo simulations)

•  Main systematics are the parametrization of X-sections at very high energies
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Balloon experiments

•  √  Larger acceptances than space borne experiments
•  √  Direct measurements
•  X  Orbit limited at North poles for maximum 1 month
•  X  Residual atmosphere above the payload

ATIC

BESS



Cosmic ray detection in space
Valerio Vagelli
 7


Space Borne experiments

•  √  Direct measurements outside atmosphere
•  √  Continuous duty cycles, typically many years of lifetime
•  √  Field of view covering the whole sky
•  X  Smaller acceptances
•  X  Operation in space and communications not trivial
•  X  “Use once and destroy”
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IMP!series!<!GeV/n!

ACE1CRIS/SIS!!Ekin!<!GeV/n!

VOYAGER1HET/CRS!<!100!MeV/n!

ULYSSES1HET!(nuclei)!!<!100!MeV/n!

ULYSSES1KET!!(electrons)!<!10!GeV!

CRRES/ONR!<!(nuclei)!600!MeV/n!

HEAO3&C2)(nuclei))<)40)GeV/n)

Long+missions+(years)+
Small+payloads+
Low+energies..+

CRRES+VOYAGER+

ULYSSES+

HEAO+ACE+
IMPJ+

Long+missions+
Large+payloads+

Short+missions+(days)/+Larger+payloads+
+
+
+
+
+
+
+
+
+
+

CRN+on+Challenger++
(3.5!days!1985)!

AMSI01+on+Discovery+
(8!days,!1998)!

PAMELA+
AMSI02+

FermiILAT+

DAMPE++ CALET+
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Mechanical stress at launch: 
" Static acceleration 
" Random vibration 
" Sinusoidal vibration 
" Pyroshock 

Life in space: 
" Thermal stresses due to Sun-light 

(seasonal / day-night effects) 
" Vacuum 

Careful Design, Model validation 
and Qualification are needed to 

ensure highest possible reliability 

Operations in Space
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Operations in Space

Thermal 
Stress 

Functional 
check 

Mechanical 
Stress  

Thermal cycles 
in Vacuum 

Functional 
check 

 Full space qualification sequence before launch: 
■   Operational tests after stress 
■   Verification of dynamical behaviour 
■   Verification of thermal model  

Functional 
check 

EMC 

Space is a harsh environment
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Operations in Space
Space is a harsh environment

Typically 3 step for test procedure: 
Thermal, Vibration, Thermo-Vacuum 
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Operations in Space
THERMO-VACUUM TESTS
 VIBRATION TESTS


THERMAL MODELS
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Prototype 

Prototype 

Prototype 

EM 

QM1 

QM2 

FM, FS 
(==QM2) 

functional 

+ Vibration, 
Thermal 

+ Thermal-
Vacuum, 

EMC, Prod. 

All (min level) 

Models Testing Components 
Performance, 

Beam Test  

The long process to fly….
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Particle Identification (in space)
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•  Direct identification of the cosmic rays via measurement of their
•  Velocity (Time of Flight systems, Cherenkov Radiation detectors)
•  Charge (dE/dX detectors, Cherenkov Radiation detectors)
•  Energy or Rigidity (Calorimeters, Spectrometers)
•  Sign of the charge (Spectrometers)
•  Peculiar Interactions (TR detectors, Calorimeters, Neutron detectors, …)
•  Incoming Direction (Tracking detectors)
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Particle identification is fundamental for antimatter measurements
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Particle Identification
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•  Particles are uniquely identified by their velocity, momentum and sign of 
the charge combining the information from several subdetectors

•  Curvature in magnetic field

•  Velocity after time of flight measurements

•  Ionization losses 

•  Calorimetric measurements

•  Typically, measurements are more than the number of searched 
parameters ! multiple measurements used to over-constrain the values 
and to crosscheck systematic effects

•  NB: at high energies (β-->1), the sensitivity of velocity measurements 
decreases. Complementary techniques used to infer the particle energy.
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p
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Main effect of energy loss in materials: 
continuous energy losses by ionization 
from scattering off atomic electrons



Scattering off electrons: high energy losses, 
small trajectory deviation

Scattering off nuclei: small energy losses, high 
scattering angles (multiple scattering)


Bethe-Block formula: energy loss per unit of grammage


z,β


Z,A


Energy loss depends on particle and medium properties.


dE

dX
= 0.31MeV/(g/cm

2
) z2

Z

A

1

�2


1

2

log(f(�))� �2 � �(��)

�
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proportionality to particle charge used to identify heavy nuclei
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MIP: Minimum Ionizing Particle




relativistic rise
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dE

dX |min
⇡ 1.5÷ 2 MeV/(g/cm2)
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Below minimum: higher energy losses ~ 1/β2 

Above minimum: energy loss approx. constant (relativistic rise)



At very high energies (above the “critical energy”) radiative energy losses 
dominates.
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gaussian


Landau


The most probable energy loss does not coincide with the average energy loss due 
to rare large angle scatterings.



The Bethe-Block formula describes the parametrization of the average energy losses
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Many small angle deviations can result in a net angle when traversing a material slab



In average <θ>=0, but the distribution has a width




This results in a limit of resolution for tracking applications.

The less material, the better the tracking resolution.
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charge proportionality used to identify heavy nuclei


Distribution of energy deposits can have long tails



Consequence: multiple measurements of energy deposits are needed to sample the 
Landau distribution and correctly infer the particle charge


Charge sampled in one layer of silicon

“Landau” distribution, long tails


Charge sampled in seven layer of silicon

Estimator built using mean / truncated mean / likelihood

--> Charge resolution improved




H He Li Be B C N O
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Scintillators

Conversion of ionization energy in photons detected with photodetectors


Organic/plastic scintillators:

- low Z, density = 1 g/cm3

- fast (ns)

- low light yield

- used for timing applications



Inorganic/crystal scintillators:

- high Z, dense

- slow

- high light yield

- used for calorimetric applications




A fraction of energy deposited in the 
scintillator creates photons in the 
visible range (details depend on the 
material)



Typical energy to create one photon 
= 100 eV/γ
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Scintillators


Photomultipliers (PMT) convert 
photons in measureable electric 
pulses






Photocathode: photons generate a free photoelectron via photoelectric effect



Dynodes: d.d.p. (kV) between dynodes accelerates electrons. Electrons hitting dynodes may 
generate a number (approx 3-5) of free electrons to be accelerated



Anode: at the end of many diodes (approx. 10), electrons are collected



For each photoelectron, approx. 107 electrons are collected at the anode (gain of the PMT)



Photo-detection efficiency < 30% for PMTs


IPMT / N� / �E
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Scintillators


Plastic scintillators are used in space detectors as planes to “trigger” (i.e. start) the 
data acquisition of the whole detector



Time coincidence between different planes used as fast trigger signal
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<latexit sha1_base64="bVcfg4pj2bseiQRc2/cjaNj1+gE=">AAACEHicbZDLSgMxFIYz9V5vVZdugkWsoGWmCLoRRF24VLQX6JQhk55pQzMXkjNCGfoIbnwVNy4UcevSnW9jWrvQ1h8CX/5zDsn5/UQKjbb9ZeVmZufmFxaX8ssrq2vrhY3Nmo5TxaHKYxmrhs80SBFBFQVKaCQKWOhLqPu9i2G9fg9Kizi6w34CrZB1IhEIztBYXmHP9QEZPaVuoBjP3EuQ5no7yLh7UELPoYcUvcr+wCsU7bI9Ep0GZwxFMta1V/h02zFPQ4iQS6Z107ETbGVMoeASBnk31ZAw3mMdaBqMWAi6lY0WGtBd47RpECtzIqQj9/dExkKt+6FvOkOGXT1ZG5r/1ZopBietTERJihDxn4eCVFKM6TAd2hYKOMq+AcaVMH+lvMtMMmgyzJsQnMmVp6FWKTuGb46KZ+fjOBbJNtkhJeKQY3JGrsg1qRJOHsgTeSGv1qP1bL1Z7z+tOWs8s0X+yPr4BokQmvk=</latexit><latexit sha1_base64="bVcfg4pj2bseiQRc2/cjaNj1+gE=">AAACEHicbZDLSgMxFIYz9V5vVZdugkWsoGWmCLoRRF24VLQX6JQhk55pQzMXkjNCGfoIbnwVNy4UcevSnW9jWrvQ1h8CX/5zDsn5/UQKjbb9ZeVmZufmFxaX8ssrq2vrhY3Nmo5TxaHKYxmrhs80SBFBFQVKaCQKWOhLqPu9i2G9fg9Kizi6w34CrZB1IhEIztBYXmHP9QEZPaVuoBjP3EuQ5no7yLh7UELPoYcUvcr+wCsU7bI9Ep0GZwxFMta1V/h02zFPQ4iQS6Z107ETbGVMoeASBnk31ZAw3mMdaBqMWAi6lY0WGtBd47RpECtzIqQj9/dExkKt+6FvOkOGXT1ZG5r/1ZopBietTERJihDxn4eCVFKM6TAd2hYKOMq+AcaVMH+lvMtMMmgyzJsQnMmVp6FWKTuGb46KZ+fjOBbJNtkhJeKQY3JGrsg1qRJOHsgTeSGv1qP1bL1Z7z+tOWs8s0X+yPr4BokQmvk=</latexit><latexit sha1_base64="bVcfg4pj2bseiQRc2/cjaNj1+gE=">AAACEHicbZDLSgMxFIYz9V5vVZdugkWsoGWmCLoRRF24VLQX6JQhk55pQzMXkjNCGfoIbnwVNy4UcevSnW9jWrvQ1h8CX/5zDsn5/UQKjbb9ZeVmZufmFxaX8ssrq2vrhY3Nmo5TxaHKYxmrhs80SBFBFQVKaCQKWOhLqPu9i2G9fg9Kizi6w34CrZB1IhEIztBYXmHP9QEZPaVuoBjP3EuQ5no7yLh7UELPoYcUvcr+wCsU7bI9Ep0GZwxFMta1V/h02zFPQ4iQS6Z107ETbGVMoeASBnk31ZAw3mMdaBqMWAi6lY0WGtBd47RpECtzIqQj9/dExkKt+6FvOkOGXT1ZG5r/1ZopBietTERJihDxn4eCVFKM6TAd2hYKOMq+AcaVMH+lvMtMMmgyzJsQnMmVp6FWKTuGb46KZ+fjOBbJNtkhJeKQY3JGrsg1qRJOHsgTeSGv1qP1bL1Z7z+tOWs8s0X+yPr4BokQmvk=</latexit><latexit sha1_base64="bVcfg4pj2bseiQRc2/cjaNj1+gE=">AAACEHicbZDLSgMxFIYz9V5vVZdugkWsoGWmCLoRRF24VLQX6JQhk55pQzMXkjNCGfoIbnwVNy4UcevSnW9jWrvQ1h8CX/5zDsn5/UQKjbb9ZeVmZufmFxaX8ssrq2vrhY3Nmo5TxaHKYxmrhs80SBFBFQVKaCQKWOhLqPu9i2G9fg9Kizi6w34CrZB1IhEIztBYXmHP9QEZPaVuoBjP3EuQ5no7yLh7UELPoYcUvcr+wCsU7bI9Ep0GZwxFMta1V/h02zFPQ4iQS6Z107ETbGVMoeASBnk31ZAw3mMdaBqMWAi6lY0WGtBd47RpECtzIqQj9/dExkKt+6FvOkOGXT1ZG5r/1ZopBietTERJihDxn4eCVFKM6TAd2hYKOMq+AcaVMH+lvMtMMmgyzJsQnMmVp6FWKTuGb46KZ+fjOBbJNtkhJeKQY3JGrsg1qRJOHsgTeSGv1qP1bL1Z7z+tOWs8s0X+yPr4BokQmvk=</latexit>

•  Path of relativistic particles: 30 cm/ns

•  Typical spans are order of 1m ! time resolution of ns are needed to measure the 

particle velocity up to c

•  Fast Scintillators coupled to fast photodetectors (PMT, SiPM) are commonly used
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Solid state detectors


TRANSIENT:!
gradient!of!concentraSon!11>!diffusion!of!
charge!carriers!

x

~E
<latexit sha1_base64="Y4+qAQfaqh7IhwThUrpOsEB/SLQ=">AAAB7XicdVBNS8NAEN34WetX1aOXxSJ4CklptbkVRfBYwdhCG8pmO2mXbj7Y3RRK6I/w4kHFq//Hm//GTRtBRR8MPN6bYWaen3AmlWV9GCura+sbm6Wt8vbO7t5+5eDwXsapoODSmMei6xMJnEXgKqY4dBMBJPQ5dPzJVe53piAki6M7NUvAC8koYgGjRGmp058Cza7ng0rVMp1mw6k3sWVaC+Skdu40bGwXShUVaA8q7/1hTNMQIkU5kbJnW4nyMiIUoxzm5X4qISF0QkbQ0zQiIUgvW5w7x6daGeIgFroihRfq94mMhFLOQl93hkSN5W8vF//yeqkKml7GoiRVENHloiDlWMU4/x0PmQCq+EwTQgXTt2I6JoJQpRMq6xC+PsX/E7dmOqZ1W6+2Los0SugYnaAzZKML1EI3qI1cRNEEPaAn9GwkxqPxYrwuW1eMYuYI/YDx9gkwCI+s</latexit><latexit sha1_base64="Y4+qAQfaqh7IhwThUrpOsEB/SLQ=">AAAB7XicdVBNS8NAEN34WetX1aOXxSJ4CklptbkVRfBYwdhCG8pmO2mXbj7Y3RRK6I/w4kHFq//Hm//GTRtBRR8MPN6bYWaen3AmlWV9GCura+sbm6Wt8vbO7t5+5eDwXsapoODSmMei6xMJnEXgKqY4dBMBJPQ5dPzJVe53piAki6M7NUvAC8koYgGjRGmp058Cza7ng0rVMp1mw6k3sWVaC+Skdu40bGwXShUVaA8q7/1hTNMQIkU5kbJnW4nyMiIUoxzm5X4qISF0QkbQ0zQiIUgvW5w7x6daGeIgFroihRfq94mMhFLOQl93hkSN5W8vF//yeqkKml7GoiRVENHloiDlWMU4/x0PmQCq+EwTQgXTt2I6JoJQpRMq6xC+PsX/E7dmOqZ1W6+2Los0SugYnaAzZKML1EI3qI1cRNEEPaAn9GwkxqPxYrwuW1eMYuYI/YDx9gkwCI+s</latexit><latexit sha1_base64="Y4+qAQfaqh7IhwThUrpOsEB/SLQ=">AAAB7XicdVBNS8NAEN34WetX1aOXxSJ4CklptbkVRfBYwdhCG8pmO2mXbj7Y3RRK6I/w4kHFq//Hm//GTRtBRR8MPN6bYWaen3AmlWV9GCura+sbm6Wt8vbO7t5+5eDwXsapoODSmMei6xMJnEXgKqY4dBMBJPQ5dPzJVe53piAki6M7NUvAC8koYgGjRGmp058Cza7ng0rVMp1mw6k3sWVaC+Skdu40bGwXShUVaA8q7/1hTNMQIkU5kbJnW4nyMiIUoxzm5X4qISF0QkbQ0zQiIUgvW5w7x6daGeIgFroihRfq94mMhFLOQl93hkSN5W8vF//yeqkKml7GoiRVENHloiDlWMU4/x0PmQCq+EwTQgXTt2I6JoJQpRMq6xC+PsX/E7dmOqZ1W6+2Los0SugYnaAzZKML1EI3qI1cRNEEPaAn9GwkxqPxYrwuW1eMYuYI/YDx9gkwCI+s</latexit>

EQUILIBRIUM:!

creaSon!of!space!charge!zone!

depleted!zone:!no!charge!carrier,!net!electric!charge!=0!

P!and!N!zone:!charge!equilibrium,!net!electric!charge=0!

zona!ele]ricamente!neutra! zona!ele]ricamente!neutra!

pIn+juncUon+
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Solid state detectors
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Solid state detectors

The depletion zone is maximized by application of a reverse bias voltage


The charge is collected in one (or few more strips) -> 
this provides information on the particle crossing 
position



Strip readout pitch approx 100µm (or less) -> can 
achieve position resolution down to 10µm or better 
using center of gravity of energy deposit.



The amount of charge, proportional to the ionization 
and to Z2, is used to infer the charge of the particle
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Solid state detectors


10 

La giunzione p-n  e i rivelatori a microstrip di silicio  

 Una particella carica attraversa un 
sottile strato (300µ m) di silicio drogato n  
ed interagendo con il materiale libera 
24000 coppie e/h (x Z2)   

 Sulla superficie del silicio sono 
impiantate delle sottili strisce di 
drogaggio p+ (6µ m  ogni 108 µ m) ed il 
sistema p+-n è mantenuto in condizioni 
di polarizzazione inversa  

 Le cariche e/h generate vengono 
raccolte dalle due parti della 
giunzione sulle strisce p+ e su delle 
strisce n+ dirette in senso ortogonale 
tramite contatti metallici  

 L’ampiezza del segnale rilasciato ci 
permette di valutare la carica Z della 
particella  

 La posizione della striscia colpita permette di risalire alla 
posizione di passaggio della particella  

A!charged!parScle!crosses!a!thin!layer!of!n1doped!

silicon!(typically!300µm)!and!interacSng!with!the!

material!frees!in!average!100!e/h!pairs!per!µm,!for!

a!total!of!30a10
3!
pairs!in!300µm!

!

In!the!silicon!surface,!thin!p+!strips!are!implanted!

(c.a.!10µm!every!c.a.!100µm).!The!p+/n!system!is!

kept!in!reverse!polarizaSon.!Less!than!100V!are!

needed!to!completely!deplete!the!silicon!bulk.!

!

The!e/h!pairs!are!collected!on!the!opposite!sides!of!

the!silicon.!!

In!some!cases,!n+!strips!are!added!running!in!the!

opposite!direcSon!on!the!opposite!side!of!p+!strips!

(double+sided+silicon).!This!allows!the!
measurement!of!both!coordinates.!

+
!

Coordinata+
(in!“canali”,!da!converSre!in!posizione)!
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Magnetic Spectrometers!
•  Charged particle bent in magnetic field
•  The sagitta is measured by sampling the 

particle trajectory through different planes

•  Master formula of charged particle in MF
Simple 2D sagitta model!

•  Rigidity                   defines the particle 
trajectory in a magnetic field

 

R = p/Ze
<latexit sha1_base64="phR9XAZfBmQGiqrnoD9Z7d9WAe4=">AAAB73icbZDLSgMxFIbP1Futt6pLN8EiuKozIuhGKLpxWcVesB1KJj3ThmYyY5IRytCXcONCEbe+jjvfxvSy0NYfAh//OYec8weJ4Nq47reTW1peWV3Lrxc2Nre2d4q7e3Udp4phjcUiVs2AahRcYs1wI7CZKKRRILARDK7H9cYTKs1jeW+GCfoR7UkeckaNtZp35JIkJw/YKZbcsjsRWQRvBiWYqdopfrW7MUsjlIYJqnXLcxPjZ1QZzgSOCu1UY0LZgPawZVHSCLWfTfYdkSPrdEkYK/ukIRP390RGI62HUWA7I2r6er42Nv+rtVITXvgZl0lqULLpR2EqiInJ+HjS5QqZEUMLlCludyWsTxVlxkZUsCF48ycvQv207Fm+PStVrmZx5OEADuEYPDiHCtxAFWrAQMAzvMKb8+i8OO/Ox7Q158xm9uGPnM8fheiO9w==</latexit><latexit sha1_base64="phR9XAZfBmQGiqrnoD9Z7d9WAe4=">AAAB73icbZDLSgMxFIbP1Futt6pLN8EiuKozIuhGKLpxWcVesB1KJj3ThmYyY5IRytCXcONCEbe+jjvfxvSy0NYfAh//OYec8weJ4Nq47reTW1peWV3Lrxc2Nre2d4q7e3Udp4phjcUiVs2AahRcYs1wI7CZKKRRILARDK7H9cYTKs1jeW+GCfoR7UkeckaNtZp35JIkJw/YKZbcsjsRWQRvBiWYqdopfrW7MUsjlIYJqnXLcxPjZ1QZzgSOCu1UY0LZgPawZVHSCLWfTfYdkSPrdEkYK/ukIRP390RGI62HUWA7I2r6er42Nv+rtVITXvgZl0lqULLpR2EqiInJ+HjS5QqZEUMLlCludyWsTxVlxkZUsCF48ycvQv207Fm+PStVrmZx5OEADuEYPDiHCtxAFWrAQMAzvMKb8+i8OO/Ox7Q158xm9uGPnM8fheiO9w==</latexit><latexit sha1_base64="phR9XAZfBmQGiqrnoD9Z7d9WAe4=">AAAB73icbZDLSgMxFIbP1Futt6pLN8EiuKozIuhGKLpxWcVesB1KJj3ThmYyY5IRytCXcONCEbe+jjvfxvSy0NYfAh//OYec8weJ4Nq47reTW1peWV3Lrxc2Nre2d4q7e3Udp4phjcUiVs2AahRcYs1wI7CZKKRRILARDK7H9cYTKs1jeW+GCfoR7UkeckaNtZp35JIkJw/YKZbcsjsRWQRvBiWYqdopfrW7MUsjlIYJqnXLcxPjZ1QZzgSOCu1UY0LZgPawZVHSCLWfTfYdkSPrdEkYK/ukIRP390RGI62HUWA7I2r6er42Nv+rtVITXvgZl0lqULLpR2EqiInJ+HjS5QqZEUMLlCludyWsTxVlxkZUsCF48ycvQv207Fm+PStVrmZx5OEADuEYPDiHCtxAFWrAQMAzvMKb8+i8OO/Ox7Q158xm9uGPnM8fheiO9w==</latexit><latexit sha1_base64="phR9XAZfBmQGiqrnoD9Z7d9WAe4=">AAAB73icbZDLSgMxFIbP1Futt6pLN8EiuKozIuhGKLpxWcVesB1KJj3ThmYyY5IRytCXcONCEbe+jjvfxvSy0NYfAh//OYec8weJ4Nq47reTW1peWV3Lrxc2Nre2d4q7e3Udp4phjcUiVs2AahRcYs1wI7CZKKRRILARDK7H9cYTKs1jeW+GCfoR7UkeckaNtZp35JIkJw/YKZbcsjsRWQRvBiWYqdopfrW7MUsjlIYJqnXLcxPjZ1QZzgSOCu1UY0LZgPawZVHSCLWfTfYdkSPrdEkYK/ukIRP390RGI62HUWA7I2r6er42Nv+rtVITXvgZl0lqULLpR2EqiInJ+HjS5QqZEUMLlCludyWsTxVlxkZUsCF48ycvQv207Fm+PStVrmZx5OEADuEYPDiHCtxAFWrAQMAzvMKb8+i8OO/Ox7Q158xm9uGPnM8fheiO9w==</latexit>

R(GeV) = q B ⇢ = 0.3B(T) ⇢(m)
<latexit sha1_base64="yzrR3eiCeyvOskYEUhRN86DPfTQ=">AAACJnicbVDLSgMxFM3UV62vqks3wSK0UMqMCroplLrQZZU+hE4pmTRtQ5PJmGTEMszXuPFX3LioiLjzU0zbWWjrhcB53MvNPV7AqNK2/WWlVlbX1jfSm5mt7Z3dvez+QVOJUGLSwIIJee8hRRj1SUNTzch9IAniHiMtb3Q19VuPRCoq/LoeB6TD0cCnfYqRNlI3W77Lu9wTT9E1acYFWIYPbrHqFl05FIbYpTNDk456XJgbCedxoZvN2SV7VnAZOAnIgaRq3ezE7QkccuJrzJBSbccOdCdCUlPMSJxxQ0UChEdoQNoG+ogT1YlmZ8bwxCg92BfSPF/Dmfp7IkJcqTH3TCdHeqgWvan4n9cOdf+yE1E/CDXx8XxRP2RQCzjNDPaoJFizsQEIS2r+CvEQSYS1STZjQnAWT14GzdOSY/Dtea5STeJIgyNwDPLAARegAm5ADTQABs/gFUzAu/VivVkf1ue8NWUlM4fgT1nfPxDwox0=</latexit><latexit sha1_base64="yzrR3eiCeyvOskYEUhRN86DPfTQ=">AAACJnicbVDLSgMxFM3UV62vqks3wSK0UMqMCroplLrQZZU+hE4pmTRtQ5PJmGTEMszXuPFX3LioiLjzU0zbWWjrhcB53MvNPV7AqNK2/WWlVlbX1jfSm5mt7Z3dvez+QVOJUGLSwIIJee8hRRj1SUNTzch9IAniHiMtb3Q19VuPRCoq/LoeB6TD0cCnfYqRNlI3W77Lu9wTT9E1acYFWIYPbrHqFl05FIbYpTNDk456XJgbCedxoZvN2SV7VnAZOAnIgaRq3ezE7QkccuJrzJBSbccOdCdCUlPMSJxxQ0UChEdoQNoG+ogT1YlmZ8bwxCg92BfSPF/Dmfp7IkJcqTH3TCdHeqgWvan4n9cOdf+yE1E/CDXx8XxRP2RQCzjNDPaoJFizsQEIS2r+CvEQSYS1STZjQnAWT14GzdOSY/Dtea5STeJIgyNwDPLAARegAm5ADTQABs/gFUzAu/VivVkf1ue8NWUlM4fgT1nfPxDwox0=</latexit><latexit sha1_base64="yzrR3eiCeyvOskYEUhRN86DPfTQ=">AAACJnicbVDLSgMxFM3UV62vqks3wSK0UMqMCroplLrQZZU+hE4pmTRtQ5PJmGTEMszXuPFX3LioiLjzU0zbWWjrhcB53MvNPV7AqNK2/WWlVlbX1jfSm5mt7Z3dvez+QVOJUGLSwIIJee8hRRj1SUNTzch9IAniHiMtb3Q19VuPRCoq/LoeB6TD0cCnfYqRNlI3W77Lu9wTT9E1acYFWIYPbrHqFl05FIbYpTNDk456XJgbCedxoZvN2SV7VnAZOAnIgaRq3ezE7QkccuJrzJBSbccOdCdCUlPMSJxxQ0UChEdoQNoG+ogT1YlmZ8bwxCg92BfSPF/Dmfp7IkJcqTH3TCdHeqgWvan4n9cOdf+yE1E/CDXx8XxRP2RQCzjNDPaoJFizsQEIS2r+CvEQSYS1STZjQnAWT14GzdOSY/Dtea5STeJIgyNwDPLAARegAm5ADTQABs/gFUzAu/VivVkf1ue8NWUlM4fgT1nfPxDwox0=</latexit><latexit sha1_base64="yzrR3eiCeyvOskYEUhRN86DPfTQ=">AAACJnicbVDLSgMxFM3UV62vqks3wSK0UMqMCroplLrQZZU+hE4pmTRtQ5PJmGTEMszXuPFX3LioiLjzU0zbWWjrhcB53MvNPV7AqNK2/WWlVlbX1jfSm5mt7Z3dvez+QVOJUGLSwIIJee8hRRj1SUNTzch9IAniHiMtb3Q19VuPRCoq/LoeB6TD0cCnfYqRNlI3W77Lu9wTT9E1acYFWIYPbrHqFl05FIbYpTNDk456XJgbCedxoZvN2SV7VnAZOAnIgaRq3ezE7QkccuJrzJBSbccOdCdCUlPMSJxxQ0UChEdoQNoG+ogT1YlmZ8bwxCg92BfSPF/Dmfp7IkJcqTH3TCdHeqgWvan4n9cOdf+yE1E/CDXx8XxRP2RQCzjNDPaoJFizsQEIS2r+CvEQSYS1STZjQnAWT14GzdOSY/Dtea5STeJIgyNwDPLAARegAm5ADTQABs/gFUzAu/VivVkf1ue8NWUlM4fgT1nfPxDwox0=</latexit>
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B L2
<latexit sha1_base64="ODkFCqGUgM5KAlSO7I7v4jEC03Q=">AAAB7XicbZDLSgMxFIbP1Futt6pLN8EiuJAyUwq6LHXjwkUFe4F2LJk008ZmkiHJCGXoO7hxoYhb38edb2PazkJbfwh8/Occcs4fxJxp47rfTm5tfWNzK79d2Nnd2z8oHh61tEwUoU0iuVSdAGvKmaBNwwynnVhRHAWctoPx9azefqJKMynuzSSmfoSHgoWMYGOtVr13cftQ6RdLbtmdC62Cl0EJMjX6xa/eQJIkosIQjrXuem5s/BQrwwin00Iv0TTGZIyHtGtR4IhqP51vO0Vn1hmgUCr7hEFz9/dEiiOtJ1FgOyNsRnq5NjP/q3UTE175KRNxYqggi4/ChCMj0ex0NGCKEsMnFjBRzO6KyAgrTIwNqGBD8JZPXoVWpexZvquWavUsjjycwCmcgweXUIMbaEATCDzCM7zCmyOdF+fd+Vi05pxs5hj+yPn8AWzcjlw=</latexit><latexit sha1_base64="ODkFCqGUgM5KAlSO7I7v4jEC03Q=">AAAB7XicbZDLSgMxFIbP1Futt6pLN8EiuJAyUwq6LHXjwkUFe4F2LJk008ZmkiHJCGXoO7hxoYhb38edb2PazkJbfwh8/Occcs4fxJxp47rfTm5tfWNzK79d2Nnd2z8oHh61tEwUoU0iuVSdAGvKmaBNwwynnVhRHAWctoPx9azefqJKMynuzSSmfoSHgoWMYGOtVr13cftQ6RdLbtmdC62Cl0EJMjX6xa/eQJIkosIQjrXuem5s/BQrwwin00Iv0TTGZIyHtGtR4IhqP51vO0Vn1hmgUCr7hEFz9/dEiiOtJ1FgOyNsRnq5NjP/q3UTE175KRNxYqggi4/ChCMj0ex0NGCKEsMnFjBRzO6KyAgrTIwNqGBD8JZPXoVWpexZvquWavUsjjycwCmcgweXUIMbaEATCDzCM7zCmyOdF+fd+Vi05pxs5hj+yPn8AWzcjlw=</latexit><latexit sha1_base64="ODkFCqGUgM5KAlSO7I7v4jEC03Q=">AAAB7XicbZDLSgMxFIbP1Futt6pLN8EiuJAyUwq6LHXjwkUFe4F2LJk008ZmkiHJCGXoO7hxoYhb38edb2PazkJbfwh8/Occcs4fxJxp47rfTm5tfWNzK79d2Nnd2z8oHh61tEwUoU0iuVSdAGvKmaBNwwynnVhRHAWctoPx9azefqJKMynuzSSmfoSHgoWMYGOtVr13cftQ6RdLbtmdC62Cl0EJMjX6xa/eQJIkosIQjrXuem5s/BQrwwin00Iv0TTGZIyHtGtR4IhqP51vO0Vn1hmgUCr7hEFz9/dEiiOtJ1FgOyNsRnq5NjP/q3UTE175KRNxYqggi4/ChCMj0ex0NGCKEsMnFjBRzO6KyAgrTIwNqGBD8JZPXoVWpexZvquWavUsjjycwCmcgweXUIMbaEATCDzCM7zCmyOdF+fd+Vi05pxs5hj+yPn8AWzcjlw=</latexit><latexit sha1_base64="ODkFCqGUgM5KAlSO7I7v4jEC03Q=">AAAB7XicbZDLSgMxFIbP1Futt6pLN8EiuJAyUwq6LHXjwkUFe4F2LJk008ZmkiHJCGXoO7hxoYhb38edb2PazkJbfwh8/Occcs4fxJxp47rfTm5tfWNzK79d2Nnd2z8oHh61tEwUoU0iuVSdAGvKmaBNwwynnVhRHAWctoPx9azefqJKMynuzSSmfoSHgoWMYGOtVr13cftQ6RdLbtmdC62Cl0EJMjX6xa/eQJIkosIQjrXuem5s/BQrwwin00Iv0TTGZIyHtGtR4IhqP51vO0Vn1hmgUCr7hEFz9/dEiiOtJ1FgOyNsRnq5NjP/q3UTE175KRNxYqggi4/ChCMj0ex0NGCKEsMnFjBRzO6KyAgrTIwNqGBD8JZPXoVWpexZvquWavUsjjycwCmcgweXUIMbaEATCDzCM7zCmyOdF+fd+Vi05pxs5hj+yPn8AWzcjlw=</latexit>

BL2 “Bending power”: characteristic 
parameter of spectrometer performance
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Sagitta defined by the measurement of at least 3 
points. The error on the sagitta is determined by 
the accuracy of the coordinate measurement


s =
x1 + x3

2
� x2
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Spectrometer resolution worsens at high rigidities and can be improved by 
better coordinate measurement accuracy and better bending power


•  L ~ Spectrometer dimensions, limited by the space constraints
•  B, limited by magnet size and technology (superconducting magnet in space?)
•  σ(x) ~ position resolution ! experimental effort to achieve resolutions below 10μm
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Magnetic Spectrometers!
•  Charged particle bent in magnetic field
•  The sagitta is measured by sampling the 

particle trajectory through different planes
•  The particle rigidity is inferred via

•  Rigidity resolution scale linearly as

Simple 2D sagitta model!

•  Maximum Detectable Rigidity MDR
�R

R
= 1 ) R(MDR) / L2B

�s

•  L ~ Spectrometer dimensions, limited by the space constraints
•  B, limited by magnet size and technology (superconducting magnet in space?)
•  σS ~ position resolution ! experimental effort to achieve resolutions below 10μm

R(GV/c) =
0.3B(T )L(m)2

8 s(m)
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Performance parameter:

Maximum Detectable Rigidity (MDR): 

�R

R
= 1 ) R(MDR) / L2B

�s

At high energies



At low energies

(Multiple scattering)

  


�(p)

p
/ p
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“Spillover”: events that are reconstructed 
with opposite sign of charge


MS limit


~p
 µ = (1.8 TV)-1

σ = (1.8 TV)-1


16%


1 / Rigidity (TV-1) 

1σ
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PosiSon!from!the!center!of!gravity!of!the!signal!

released!on!adiacent!strips!(!501200!µm)!

35


Amplitude!!!Z
2!

Single!sensor!≈!10x10cm
2
!…!or!less

!

Silicon Microstrip Detectors



Cosmic ray detection in space
Valerio Vagelli


AMS-01: First magnetic spectrometer 
with a silicon tracker in space

36


Time+Of+Flight+:++measure!Sme!!!velocity,!arrival!direcSon,!dE/dX!!!Z!

Magnet:+2.2!Ton!of!Nd1Fe1B!blocks!providing!a!15kGauss!field!inside,!<!2!Gauss!outside!+
Tracker:+2m2

!of!silicon!sensors!arranged!in!6!planes!!

Aerogel+Cerenkov+threshold+counter:!discriminaSon!of!e/p!based!on!Cherenkov!emission!!

+
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Fermi (2008)  
73m2 of silicon sensors in space
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1.8+m+
1.8+m+

0.72+m+
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AMS-02 (2011)  
9 planes of silicon sensors in space (6.4 m2)
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DAMPE (2015)  
6 planes of silicon sensors in space (7.7 m2)
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•  Calorimeters: instruments in which particles are partially or completely 
absorbed to measure their energy

•  Electromagnetic calorimeters (homogeneous, sampling)
•  Hadronic calorimeters (sampling)

•  Destructive detectors, sited at the “end” of the detector.

•  Many techniques and technology, depending on the particle to be measured. We 
focus only on the simpler electromagnetic calorimeters for high energy particles
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Electron radiative energy losses
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•  Electrons differ from other charged particles due to their lighter mass.

•  A charged particle accelerated in an electromagnetic field release energy.
•  Classical description: dE

dt
=

✓
2

3

e2

c3

◆
a2
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Relativistic electrons accelerated in the electric field of a 
nucleus radiate energy via the Bremssstrahlung effect.

In a continuous medium, the losses are continuous and 
the electron energy degrades as

X0 (radiation length) = typical length scale of radiative 
energy losses

 



E(x) = E0 e
(�x/X0)

<latexit sha1_base64="R3FM4qWvhxMmFWiB9wJ4CW6z5AM=">AAACAXicbZDLSsNAFIYn9VbrLepGcDNYhBa0JiLoRihKwWUFe4E2hsl00g6dTMLMRFpC3fgqblwo4ta3cOfbOG2z0NYfBj7+cw5nzu9FjEplWd9GZmFxaXklu5pbW9/Y3DK3d+oyjAUmNRyyUDQ9JAmjnNQUVYw0I0FQ4DHS8PrX43rjgQhJQ36nhhFxAtTl1KcYKW255l6lMCjCS1hxrfYRuU8Kx4OTpmsVR66Zt0rWRHAe7BTyIFXVNb/anRDHAeEKMyRly7Yi5SRIKIoZGeXasSQRwn3UJS2NHAVEOsnkghE81E4H+qHQjys4cX9PJCiQchh4ujNAqidna2Pzv1orVv6Fk1AexYpwPF3kxwyqEI7jgB0qCFZsqAFhQfVfIe4hgbDSoeV0CPbsyfNQPy3Zmm/P8uWrNI4s2AcHoABscA7K4AZUQQ1g8AiewSt4M56MF+Pd+Ji2Zox0Zhf8kfH5A2RvlEk=</latexit><latexit sha1_base64="R3FM4qWvhxMmFWiB9wJ4CW6z5AM=">AAACAXicbZDLSsNAFIYn9VbrLepGcDNYhBa0JiLoRihKwWUFe4E2hsl00g6dTMLMRFpC3fgqblwo4ta3cOfbOG2z0NYfBj7+cw5nzu9FjEplWd9GZmFxaXklu5pbW9/Y3DK3d+oyjAUmNRyyUDQ9JAmjnNQUVYw0I0FQ4DHS8PrX43rjgQhJQ36nhhFxAtTl1KcYKW255l6lMCjCS1hxrfYRuU8Kx4OTpmsVR66Zt0rWRHAe7BTyIFXVNb/anRDHAeEKMyRly7Yi5SRIKIoZGeXasSQRwn3UJS2NHAVEOsnkghE81E4H+qHQjys4cX9PJCiQchh4ujNAqidna2Pzv1orVv6Fk1AexYpwPF3kxwyqEI7jgB0qCFZsqAFhQfVfIe4hgbDSoeV0CPbsyfNQPy3Zmm/P8uWrNI4s2AcHoABscA7K4AZUQQ1g8AiewSt4M56MF+Pd+Ji2Zox0Zhf8kfH5A2RvlEk=</latexit><latexit sha1_base64="R3FM4qWvhxMmFWiB9wJ4CW6z5AM=">AAACAXicbZDLSsNAFIYn9VbrLepGcDNYhBa0JiLoRihKwWUFe4E2hsl00g6dTMLMRFpC3fgqblwo4ta3cOfbOG2z0NYfBj7+cw5nzu9FjEplWd9GZmFxaXklu5pbW9/Y3DK3d+oyjAUmNRyyUDQ9JAmjnNQUVYw0I0FQ4DHS8PrX43rjgQhJQ36nhhFxAtTl1KcYKW255l6lMCjCS1hxrfYRuU8Kx4OTpmsVR66Zt0rWRHAe7BTyIFXVNb/anRDHAeEKMyRly7Yi5SRIKIoZGeXasSQRwn3UJS2NHAVEOsnkghE81E4H+qHQjys4cX9PJCiQchh4ujNAqidna2Pzv1orVv6Fk1AexYpwPF3kxwyqEI7jgB0qCFZsqAFhQfVfIe4hgbDSoeV0CPbsyfNQPy3Zmm/P8uWrNI4s2AcHoABscA7K4AZUQQ1g8AiewSt4M56MF+Pd+Ji2Zox0Zhf8kfH5A2RvlEk=</latexit><latexit sha1_base64="R3FM4qWvhxMmFWiB9wJ4CW6z5AM=">AAACAXicbZDLSsNAFIYn9VbrLepGcDNYhBa0JiLoRihKwWUFe4E2hsl00g6dTMLMRFpC3fgqblwo4ta3cOfbOG2z0NYfBj7+cw5nzu9FjEplWd9GZmFxaXklu5pbW9/Y3DK3d+oyjAUmNRyyUDQ9JAmjnNQUVYw0I0FQ4DHS8PrX43rjgQhJQ36nhhFxAtTl1KcYKW255l6lMCjCS1hxrfYRuU8Kx4OTpmsVR66Zt0rWRHAe7BTyIFXVNb/anRDHAeEKMyRly7Yi5SRIKIoZGeXasSQRwn3UJS2NHAVEOsnkghE81E4H+qHQjys4cX9PJCiQchh4ujNAqidna2Pzv1orVv6Fk1AexYpwPF3kxwyqEI7jgB0qCFZsqAFhQfVfIe4hgbDSoeV0CPbsyfNQPy3Zmm/P8uWrNI4s2AcHoABscA7K4AZUQQ1g8AiewSt4M56MF+Pd+Ji2Zox0Zhf8kfH5A2RvlEk=</latexit>
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Critical energy: 
dE
dx |ion

=
dE

dx |brem
<latexit sha1_base64="aGPeFbo9R8sXUapBSJkuYIUiMkQ=">AAACMXicfZDNSsNAFIUn9a/Wv6hLN4NFcFUSEXQjFEXosoJthSaEyWTSDp1JwsxEWmJeyY1vIm66UMStL+G0DaKteGHg49xzuXOPnzAqlWWNjdLS8srqWnm9srG5tb1j7u61ZZwKTFo4ZrG485EkjEakpahi5C4RBHGfkY4/uJr0O/dESBpHt2qUEJejXkRDipHSkmc2nFAgnDncj4dZkF/n3zjMvexBe3J4Af83+YLw3DOrVs2aFlwEu4AqKKrpmc9OEOOUk0hhhqTs2lai3AwJRTEjecVJJUkQHqAe6WqMECfSzaYX5/BIKwEMY6FfpOBU/TmRIS7liPvayZHqy/neRPyr101VeO5mNEpSRSI8WxSmDKoYTuKDARUEKzbSgLCg+q8Q95FOR+mQKzoEe/7kRWif1GzNN6fV+mURRxkcgENwDGxwBuqgAZqgBTB4BC/gFbwZT8bYeDc+ZtaSUczsg19lfH4BtCKtjA==</latexit><latexit sha1_base64="aGPeFbo9R8sXUapBSJkuYIUiMkQ=">AAACMXicfZDNSsNAFIUn9a/Wv6hLN4NFcFUSEXQjFEXosoJthSaEyWTSDp1JwsxEWmJeyY1vIm66UMStL+G0DaKteGHg49xzuXOPnzAqlWWNjdLS8srqWnm9srG5tb1j7u61ZZwKTFo4ZrG485EkjEakpahi5C4RBHGfkY4/uJr0O/dESBpHt2qUEJejXkRDipHSkmc2nFAgnDncj4dZkF/n3zjMvexBe3J4Af83+YLw3DOrVs2aFlwEu4AqKKrpmc9OEOOUk0hhhqTs2lai3AwJRTEjecVJJUkQHqAe6WqMECfSzaYX5/BIKwEMY6FfpOBU/TmRIS7liPvayZHqy/neRPyr101VeO5mNEpSRSI8WxSmDKoYTuKDARUEKzbSgLCg+q8Q95FOR+mQKzoEe/7kRWif1GzNN6fV+mURRxkcgENwDGxwBuqgAZqgBTB4BC/gFbwZT8bYeDc+ZtaSUczsg19lfH4BtCKtjA==</latexit><latexit sha1_base64="aGPeFbo9R8sXUapBSJkuYIUiMkQ=">AAACMXicfZDNSsNAFIUn9a/Wv6hLN4NFcFUSEXQjFEXosoJthSaEyWTSDp1JwsxEWmJeyY1vIm66UMStL+G0DaKteGHg49xzuXOPnzAqlWWNjdLS8srqWnm9srG5tb1j7u61ZZwKTFo4ZrG485EkjEakpahi5C4RBHGfkY4/uJr0O/dESBpHt2qUEJejXkRDipHSkmc2nFAgnDncj4dZkF/n3zjMvexBe3J4Af83+YLw3DOrVs2aFlwEu4AqKKrpmc9OEOOUk0hhhqTs2lai3AwJRTEjecVJJUkQHqAe6WqMECfSzaYX5/BIKwEMY6FfpOBU/TmRIS7liPvayZHqy/neRPyr101VeO5mNEpSRSI8WxSmDKoYTuKDARUEKzbSgLCg+q8Q95FOR+mQKzoEe/7kRWif1GzNN6fV+mURRxkcgENwDGxwBuqgAZqgBTB4BC/gFbwZT8bYeDc+ZtaSUczsg19lfH4BtCKtjA==</latexit><latexit sha1_base64="aGPeFbo9R8sXUapBSJkuYIUiMkQ=">AAACMXicfZDNSsNAFIUn9a/Wv6hLN4NFcFUSEXQjFEXosoJthSaEyWTSDp1JwsxEWmJeyY1vIm66UMStL+G0DaKteGHg49xzuXOPnzAqlWWNjdLS8srqWnm9srG5tb1j7u61ZZwKTFo4ZrG485EkjEakpahi5C4RBHGfkY4/uJr0O/dESBpHt2qUEJejXkRDipHSkmc2nFAgnDncj4dZkF/n3zjMvexBe3J4Af83+YLw3DOrVs2aFlwEu4AqKKrpmc9OEOOUk0hhhqTs2lai3AwJRTEjecVJJUkQHqAe6WqMECfSzaYX5/BIKwEMY6FfpOBU/TmRIS7liPvayZHqy/neRPyr101VeO5mNEpSRSI8WxSmDKoYTuKDARUEKzbSgLCg+q8Q95FOR+mQKzoEe/7kRWif1GzNN6fV+mURRxkcgENwDGxwBuqgAZqgBTB4BC/gFbwZT8bYeDc+ZtaSUczsg19lfH4BtCKtjA==</latexit>

EC ⇡ 700/(Z + 1) MeV
<latexit sha1_base64="r/2Pz08A3ZulxD7r7icHXOfhOTc=">AAACCnicbZDLSsNAFIYn9VbrLerSzWgRKkJNRKjgplgEN0IFe8EmhMl02g6dZMLMRFpC1258FTcuFHHrE7jzbZy2WWjrDwMf/zmHM+f3I0alsqxvI7OwuLS8kl3Nra1vbG6Z2zt1yWOBSQ1zxkXTR5IwGpKaooqRZiQICnxGGn6/Mq43HoiQlId3ahgRN0DdkHYoRkpbnrl/5VWgg6JI8AEsWdZJ4f7YPnIunMDng+SG1EeembeK1kRwHuwU8iBV1TO/nDbHcUBChRmSsmVbkXITJBTFjIxyTixJhHAfdUlLY4gCIt1kcsoIHmqnDTtc6BcqOHF/TyQokHIY+LozQKonZ2tj879aK1adczehYRQrEuLpok7MoOJwnAtsU0GwYkMNCAuq/wpxDwmElU4vp0OwZ0+eh/pp0dZ8e5YvX6ZxZMEeOAAFYIMSKINrUAU1gMEjeAav4M14Ml6Md+Nj2pox0pld8EfG5w/z0ZiI</latexit><latexit sha1_base64="r/2Pz08A3ZulxD7r7icHXOfhOTc=">AAACCnicbZDLSsNAFIYn9VbrLerSzWgRKkJNRKjgplgEN0IFe8EmhMl02g6dZMLMRFpC1258FTcuFHHrE7jzbZy2WWjrDwMf/zmHM+f3I0alsqxvI7OwuLS8kl3Nra1vbG6Z2zt1yWOBSQ1zxkXTR5IwGpKaooqRZiQICnxGGn6/Mq43HoiQlId3ahgRN0DdkHYoRkpbnrl/5VWgg6JI8AEsWdZJ4f7YPnIunMDng+SG1EeembeK1kRwHuwU8iBV1TO/nDbHcUBChRmSsmVbkXITJBTFjIxyTixJhHAfdUlLY4gCIt1kcsoIHmqnDTtc6BcqOHF/TyQokHIY+LozQKonZ2tj879aK1adczehYRQrEuLpok7MoOJwnAtsU0GwYkMNCAuq/wpxDwmElU4vp0OwZ0+eh/pp0dZ8e5YvX6ZxZMEeOAAFYIMSKINrUAU1gMEjeAav4M14Ml6Md+Nj2pox0pld8EfG5w/z0ZiI</latexit><latexit sha1_base64="r/2Pz08A3ZulxD7r7icHXOfhOTc=">AAACCnicbZDLSsNAFIYn9VbrLerSzWgRKkJNRKjgplgEN0IFe8EmhMl02g6dZMLMRFpC1258FTcuFHHrE7jzbZy2WWjrDwMf/zmHM+f3I0alsqxvI7OwuLS8kl3Nra1vbG6Z2zt1yWOBSQ1zxkXTR5IwGpKaooqRZiQICnxGGn6/Mq43HoiQlId3ahgRN0DdkHYoRkpbnrl/5VWgg6JI8AEsWdZJ4f7YPnIunMDng+SG1EeembeK1kRwHuwU8iBV1TO/nDbHcUBChRmSsmVbkXITJBTFjIxyTixJhHAfdUlLY4gCIt1kcsoIHmqnDTtc6BcqOHF/TyQokHIY+LozQKonZ2tj879aK1adczehYRQrEuLpok7MoOJwnAtsU0GwYkMNCAuq/wpxDwmElU4vp0OwZ0+eh/pp0dZ8e5YvX6ZxZMEeOAAFYIMSKINrUAU1gMEjeAav4M14Ml6Md+Nj2pox0pld8EfG5w/z0ZiI</latexit><latexit sha1_base64="r/2Pz08A3ZulxD7r7icHXOfhOTc=">AAACCnicbZDLSsNAFIYn9VbrLerSzWgRKkJNRKjgplgEN0IFe8EmhMl02g6dZMLMRFpC1258FTcuFHHrE7jzbZy2WWjrDwMf/zmHM+f3I0alsqxvI7OwuLS8kl3Nra1vbG6Z2zt1yWOBSQ1zxkXTR5IwGpKaooqRZiQICnxGGn6/Mq43HoiQlId3ahgRN0DdkHYoRkpbnrl/5VWgg6JI8AEsWdZJ4f7YPnIunMDng+SG1EeembeK1kRwHuwU8iBV1TO/nDbHcUBChRmSsmVbkXITJBTFjIxyTixJhHAfdUlLY4gCIt1kcsoIHmqnDTtc6BcqOHF/TyQokHIY+LozQKonZ2tj879aK1adczehYRQrEuLpok7MoOJwnAtsU0GwYkMNCAuq/wpxDwmElU4vp0OwZ0+eh/pp0dZ8e5YvX6ZxZMEeOAAFYIMSKINrUAU1gMEjeAav4M14Ml6Md+Nj2pox0pld8EfG5w/z0ZiI</latexit>

EC / 1

m2
) EC(µ) ⇡ 4 · 104 EC(e)

<latexit sha1_base64="dsVD1oHPIx3QDCKYAqLDuDsZYj0="></latexit><latexit sha1_base64="dsVD1oHPIx3QDCKYAqLDuDsZYj0="></latexit><latexit sha1_base64="dsVD1oHPIx3QDCKYAqLDuDsZYj0="></latexit><latexit sha1_base64="dsVD1oHPIx3QDCKYAqLDuDsZYj0="></latexit>
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Ee = E� �We
<latexit sha1_base64="MVaiFZQVa9/raJqETbmFIbPy+Jg=">AAAB/XicbZDLSsNAFIYn9VbrLV52bgaL4MaSiKAboSgFlxXsBdoQJtOTduhMEmYmQg3FV3HjQhG3voc738Zpm4W2/jDw8Z9zOGf+IOFMacf5tgpLyyura8X10sbm1vaOvbvXVHEqKTRozGPZDogCziJoaKY5tBMJRAQcWsHwZlJvPYBULI7u9SgBT5B+xEJGiTaWbx/UfMBXuOZ3+0QIgk9xywffLjsVZyq8CG4OZZSr7ttf3V5MUwGRppwo1XGdRHsZkZpRDuNSN1WQEDokfegYjIgA5WXT68f42Dg9HMbSvEjjqft7IiNCqZEITKcgeqDmaxPzv1on1eGll7EoSTVEdLYoTDnWMZ5EgXtMAtV8ZIBQycytmA6IJFSbwEomBHf+y4vQPKu4hu/Oy9XrPI4iOkRH6AS56AJV0S2qowai6BE9o1f0Zj1ZL9a79TFrLVj5zD76I+vzB9H8k4Q=</latexit><latexit sha1_base64="MVaiFZQVa9/raJqETbmFIbPy+Jg=">AAAB/XicbZDLSsNAFIYn9VbrLV52bgaL4MaSiKAboSgFlxXsBdoQJtOTduhMEmYmQg3FV3HjQhG3voc738Zpm4W2/jDw8Z9zOGf+IOFMacf5tgpLyyura8X10sbm1vaOvbvXVHEqKTRozGPZDogCziJoaKY5tBMJRAQcWsHwZlJvPYBULI7u9SgBT5B+xEJGiTaWbx/UfMBXuOZ3+0QIgk9xywffLjsVZyq8CG4OZZSr7ttf3V5MUwGRppwo1XGdRHsZkZpRDuNSN1WQEDokfegYjIgA5WXT68f42Dg9HMbSvEjjqft7IiNCqZEITKcgeqDmaxPzv1on1eGll7EoSTVEdLYoTDnWMZ5EgXtMAtV8ZIBQycytmA6IJFSbwEomBHf+y4vQPKu4hu/Oy9XrPI4iOkRH6AS56AJV0S2qowai6BE9o1f0Zj1ZL9a79TFrLVj5zD76I+vzB9H8k4Q=</latexit><latexit sha1_base64="MVaiFZQVa9/raJqETbmFIbPy+Jg=">AAAB/XicbZDLSsNAFIYn9VbrLV52bgaL4MaSiKAboSgFlxXsBdoQJtOTduhMEmYmQg3FV3HjQhG3voc738Zpm4W2/jDw8Z9zOGf+IOFMacf5tgpLyyura8X10sbm1vaOvbvXVHEqKTRozGPZDogCziJoaKY5tBMJRAQcWsHwZlJvPYBULI7u9SgBT5B+xEJGiTaWbx/UfMBXuOZ3+0QIgk9xywffLjsVZyq8CG4OZZSr7ttf3V5MUwGRppwo1XGdRHsZkZpRDuNSN1WQEDokfegYjIgA5WXT68f42Dg9HMbSvEjjqft7IiNCqZEITKcgeqDmaxPzv1on1eGll7EoSTVEdLYoTDnWMZ5EgXtMAtV8ZIBQycytmA6IJFSbwEomBHf+y4vQPKu4hu/Oy9XrPI4iOkRH6AS56AJV0S2qowai6BE9o1f0Zj1ZL9a79TFrLVj5zD76I+vzB9H8k4Q=</latexit><latexit sha1_base64="MVaiFZQVa9/raJqETbmFIbPy+Jg=">AAAB/XicbZDLSsNAFIYn9VbrLV52bgaL4MaSiKAboSgFlxXsBdoQJtOTduhMEmYmQg3FV3HjQhG3voc738Zpm4W2/jDw8Z9zOGf+IOFMacf5tgpLyyura8X10sbm1vaOvbvXVHEqKTRozGPZDogCziJoaKY5tBMJRAQcWsHwZlJvPYBULI7u9SgBT5B+xEJGiTaWbx/UfMBXuOZ3+0QIgk9xywffLjsVZyq8CG4OZZSr7ttf3V5MUwGRppwo1XGdRHsZkZpRDuNSN1WQEDokfegYjIgA5WXT68f42Dg9HMbSvEjjqft7IiNCqZEITKcgeqDmaxPzv1on1eGll7EoSTVEdLYoTDnWMZ5EgXtMAtV8ZIBQycytmA6IJFSbwEomBHf+y4vQPKu4hu/Oy9XrPI4iOkRH6AS56AJV0S2qowai6BE9o1f0Zj1ZL9a79TFrLVj5zD76I+vzB9H8k4Q=</latexit> E

0

� = E�
1

1 +

E�

me
(1� cos(✓))

<latexit sha1_base64="qIK1ODRCqzFa+fjs75oIA5/kbV8="></latexit><latexit sha1_base64="qIK1ODRCqzFa+fjs75oIA5/kbV8="></latexit><latexit sha1_base64="qIK1ODRCqzFa+fjs75oIA5/kbV8="></latexit><latexit sha1_base64="qIK1ODRCqzFa+fjs75oIA5/kbV8="></latexit>

Ee ⇡ E�/2
<latexit sha1_base64="6K+Y7LEgrQimy+8bMjZ16gX3K/U=">AAAB/3icbZDLSsNAFIYnXmu9RQU3bgaL4KomRdBlUQouK9gLNCGcTCft0JkkzEzEUrvwVdy4UMStr+HOt3HaZqGtPwx8/Occzpk/TDlT2nG+raXlldW19cJGcXNre2fX3ttvqiSThDZIwhPZDkFRzmLa0Exz2k4lBRFy2goH15N6655KxZL4Tg9T6gvoxSxiBLSxAvuwFlDsQZrK5AHXAq8HQsBZJbBLTtmZCi+Cm0MJ5aoH9pfXTUgmaKwJB6U6rpNqfwRSM8LpuOhliqZABtCjHYMxCKr80fT+MT4xThdHiTQv1njq/p4YgVBqKELTKUD31XxtYv5X62Q6uvRHLE4zTWMyWxRlHOsET8LAXSYp0XxoAIhk5lZM+iCBaBNZ0YTgzn95EZqVsmv49rxUvcrjKKAjdIxOkYsuUBXdoDpqIIIe0TN6RW/Wk/VivVsfs9YlK585QH9kff4AlmiVKg==</latexit><latexit sha1_base64="6K+Y7LEgrQimy+8bMjZ16gX3K/U=">AAAB/3icbZDLSsNAFIYnXmu9RQU3bgaL4KomRdBlUQouK9gLNCGcTCft0JkkzEzEUrvwVdy4UMStr+HOt3HaZqGtPwx8/Occzpk/TDlT2nG+raXlldW19cJGcXNre2fX3ttvqiSThDZIwhPZDkFRzmLa0Exz2k4lBRFy2goH15N6655KxZL4Tg9T6gvoxSxiBLSxAvuwFlDsQZrK5AHXAq8HQsBZJbBLTtmZCi+Cm0MJ5aoH9pfXTUgmaKwJB6U6rpNqfwRSM8LpuOhliqZABtCjHYMxCKr80fT+MT4xThdHiTQv1njq/p4YgVBqKELTKUD31XxtYv5X62Q6uvRHLE4zTWMyWxRlHOsET8LAXSYp0XxoAIhk5lZM+iCBaBNZ0YTgzn95EZqVsmv49rxUvcrjKKAjdIxOkYsuUBXdoDpqIIIe0TN6RW/Wk/VivVsfs9YlK585QH9kff4AlmiVKg==</latexit><latexit sha1_base64="6K+Y7LEgrQimy+8bMjZ16gX3K/U=">AAAB/3icbZDLSsNAFIYnXmu9RQU3bgaL4KomRdBlUQouK9gLNCGcTCft0JkkzEzEUrvwVdy4UMStr+HOt3HaZqGtPwx8/Occzpk/TDlT2nG+raXlldW19cJGcXNre2fX3ttvqiSThDZIwhPZDkFRzmLa0Exz2k4lBRFy2goH15N6655KxZL4Tg9T6gvoxSxiBLSxAvuwFlDsQZrK5AHXAq8HQsBZJbBLTtmZCi+Cm0MJ5aoH9pfXTUgmaKwJB6U6rpNqfwRSM8LpuOhliqZABtCjHYMxCKr80fT+MT4xThdHiTQv1njq/p4YgVBqKELTKUD31XxtYv5X62Q6uvRHLE4zTWMyWxRlHOsET8LAXSYp0XxoAIhk5lZM+iCBaBNZ0YTgzn95EZqVsmv49rxUvcrjKKAjdIxOkYsuUBXdoDpqIIIe0TN6RW/Wk/VivVsfs9YlK585QH9kff4AlmiVKg==</latexit><latexit sha1_base64="6K+Y7LEgrQimy+8bMjZ16gX3K/U=">AAAB/3icbZDLSsNAFIYnXmu9RQU3bgaL4KomRdBlUQouK9gLNCGcTCft0JkkzEzEUrvwVdy4UMStr+HOt3HaZqGtPwx8/Occzpk/TDlT2nG+raXlldW19cJGcXNre2fX3ttvqiSThDZIwhPZDkFRzmLa0Exz2k4lBRFy2goH15N6655KxZL4Tg9T6gvoxSxiBLSxAvuwFlDsQZrK5AHXAq8HQsBZJbBLTtmZCi+Cm0MJ5aoH9pfXTUgmaKwJB6U6rpNqfwRSM8LpuOhliqZABtCjHYMxCKr80fT+MT4xThdHiTQv1njq/p4YgVBqKELTKUD31XxtYv5X62Q6uvRHLE4zTWMyWxRlHOsET8LAXSYp0XxoAIhk5lZM+iCBaBNZ0YTgzn95EZqVsmv49rxUvcrjKKAjdIxOkYsuUBXdoDpqIIIe0TN6RW/Wk/VivVsfs9YlK585QH9kff4AlmiVKg==</latexit>
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The profile strongly depends on the material, but in general above the pair 
production energy threshold (Eth = 2me) pair production rapidly becomes the 
dominating energy loss mechanisms for photons
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Electromagnetic showers

46


ROSSI model


The physics of e-m. shower is well known (hadronic showers are more complicated)

Simplest parametrization by Rossi describes the main shower properties.

More accurate descriptions involve Monte Carlo simulations. 
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8 GeV e- on Cs-I


RM = 21MeV ·X0/EC
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•  Shower depth described by the 
material interaction length X0


•  Increases logarithmically

•  At least 10 X0 to absorb low energy 

showers


•  Lateral width independent on energy. 
95% of energy deposit contained in 
cylinder with Molière radius
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Space calorimeters must be compact and thick (in terms of X0)



Two solutions:

•  Homogeneous calorimeters (BGO, PWO, ….)

•  Sampling calorimeters: passive material + active materials. Energy is sampled 

only in the active layers (silicon, gas, fibers, …)
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Calorimeters !

Simple electromagnetic !
shower profile !
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D. Electromagnetic showers

As explained in the previous section, high-energy elec-
trons and photons produce in matter secondary photons
by bremsstrahlung and electron-positron pairs by pair
production. These secondaries, in turn, can produce
other particles with progressively lower energy and start
an electromagnetic shower (or cascade). The process con-
tinue until the average energy of the electron component
falls below the critical energy of the material—at which
point the rest of the energy is released via ionization.
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FIG. 35: Sketch of the development of an electromagnetic
shower in the simplest possible toy model.

A simple toy model for an electron-initiated shower is
schematically represented in figure 35, where after t ra-
diation lengths of material, the cascade has developed in
2t particles (a mix of electrons, positrons and photons)
with average energy E0/2t. Rough as this model is (for
one thing we neglect the stocasticity of the process al-
together, along with the 9/7 in (42) and the fact that
the electron can—and does—radiate multiple photons of
di↵erent energy per radiation length) it is able to repro-
duce one of the main features of electromagnetic showers,
namely the fact that the position of the shower maximum
scales logarithmically with the energy. In fact the stop
condition reads

E0

2tmax

⇠ E

c

, (45)

and hence

tmax ⇠ ln

✓
E0

E

c

◆
. (46)

At a slightly higher level of sophistication, the longi-
tudinal profile of an electromagnetic shower can be e↵ec-
tively described as

dE

dt

= E0b
(bt)a�1

e

�bt

�(a)
, (47)

where a and b are parameters related to the nature of the
incident particle (electron or photon) and to the charac-
teristics of the medium (b = 0.5 is a reasonable approxi-
mation in many cases of practical interest). The position
of the shower maximum occurs at

tmax =
(a� 1)

b

⇡ ln

✓
E0

E

c

◆
+ t0 (48)

where t0 = �0.5 for electrons and t0 = 0.5 for photons.
For the sake of clarity, the way one typically uses these re-
lation is to plug E0, Ec

and t0 in (48) to find a (assuming
b = 0.5) and then use (47) to describe the longitudinal
profile of the shower.

FIG. 36: Average longitudinal profile of the shower generated
by a 100 GeV electron in a homogeneous slab of BGO.

Figure 36 shows the average shower profile for 100 GeV
in BGO. With a critical energy of 10.1 MeV, the position
of the shower maximum is located, according to equa-
tion (48), at 8.7 X0.
We mention, in passing, that the transverse develop-

ment of an electromagnetic shower, mainly due to the
multiple scattering of electrons and positrons away from
the shower axis, scales with the so-called the Molière ra-
dius, that can be empirically parameterized as

R

M

⇡ 21X0

E

c

[MeV]
MeV. (49)

E. Hadronic showers

While the development of electromagnetic showers is
determined, as we have seen, by two well-understood
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FIG. 36: Average longitudinal profile of the shower generated
by a 100 GeV electron in a homogeneous slab of BGO.

Figure 36 shows the average shower profile for 100 GeV
in BGO. With a critical energy of 10.1 MeV, the position
of the shower maximum is located, according to equa-
tion (48), at 8.7 X0.
We mention, in passing, that the transverse develop-

ment of an electromagnetic shower, mainly due to the
multiple scattering of electrons and positrons away from
the shower axis, scales with the so-called the Molière ra-
dius, that can be empirically parameterized as
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E. Hadronic showers

While the development of electromagnetic showers is
determined, as we have seen, by two well-understood

•  Calorimeters measures the energy releases 
of the particle

•  Homogeneous / Sampling
•  Electromagnetic / Hadronic

•  The energy 
resolution improves 
as the energy 
increases

•  BUT: energy resolution is not everything. Tipically the dominant systematic is the 
knowledge of the energy scale!!

•  Resolution ! Symmetric smearing of measured energy
•  Energy scale ! Systematic shift of measured energy

Statistical

fluctuations


Electronics


Inhomogenities,

calibration,


energy leaks,…


Calorimetry
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Magnetic Spectrometers! Calorimeters!
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AMS-02 spectrometer
 AMS-02 electromagnetic calorimeter
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ACCEPTANCE: measurement of the collection capabilities of the detector14
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FIG. 12: Schematic view of some of the most recent space- or balloon-borne cosmic-ray and gamma-ray detectors (all the
dimensions are meant to be in scale). Only the detector subsystems are sketched (note that the magnets for PaMeLa and AMS-
02 are not represented). For the Fermi-LAT: the anti-coincidence detector (ACD), the tracker (TKR) and the calorimeter
(CAL). For AMS-02: the transition radiation detector (TRD), the time of flight (TOF), the tracker layers, the electromagnetic
calorimeter (ECAL) and the ring imaging Cherenkov detector (RICH). For CREAM-II: the timing charge detector (TCD),
the Cherenkov detector (CD), the silicon charge detector (SCD) and the calorimeter (CAL). For PaMeLa: the time of flight
scintillators (S1–S3), the tracker (TKR), the calorimeter (CAL) and the neutron detector. For each instrument the relevant
combination of sub-detectors determining whether a given event is reconstructable (and hence the field of view) is also sketched.
Trivial as it is, we also note that the calorimeters are made of di↵erent material and therefore the relative thickness does not
necessarily reflect the depth in terms of radiation lengths (this information is included in table IV).

Among the magnetic spectrometers, BESS (see, e.g.,
[81]) is a notable example where the instruments fea-
tures a thin superconducting solenoid magnet enabling a
large geometrical acceptance with a horizontally cylindri-
cal configuration (note that in this case the particles go
through the magnet!). Several di↵erent versions of the in-
strument underwent a long and very successful campaign
of balloon flight for the measurement (and monitoring in
time) of the antiproton [82] and proton and helium spec-
tra [83].

With its unrivaled imaging granularity, the emulsion
chamber technique played a prominent role in the early
days of calorimetric experiments, as it readily allowed
to assemble large—and yet relatively simple—detectors.

In this case it is the data analysis process that is sig-
nificantly more di�cult to scale up with the available
statistics with respect to that of modern digital detec-
tors. Reference [62], e.g, contains a somewhat detailed
summary of more than 30 years of observations of high-
energy cosmic-ray electrons—in several balloon flights
from 1968 to 2001—with a detector setup consisting
of a stack of nuclear emulsion plates, X-ray films, and
lead/tungsten plates. Electromagnetic showers were de-
tected by a naked-eye scan of the X-ray films and ener-
gies were determined by counting the number of shower
tracks in each emulsion plate within a 100 µm wide cone
around the shower axis. At even higher energies, a nice
account of the emulsion chambers (e.g., JACEE [84] and

The more elongated is the detector, the less solid angle it can accept
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ACCEPTANCE: measurement of the collection capabilities of the detector

A simple planar detector


Instrument Acceptance
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47 The cosmic electron and positron flux measurement 
with the AMS-02 experiment

Valerio Vagelli
September 2014

Acceptance

■ Geometrical acceptance plateau at 500 cm2sr defined by calorimeter volume

■ Very efficient particle selection does not suppress the acceptance, even at high 

energies

Acceptance 
calculated using 

Geant4 full detector 
MC simulation

ACCEPTANCE: measurement of the collection capabilities of the detector
Tipically measured with MonteCarlo simulations including the detector geometry, 

materials and interactions with the detector

Instrument Acceptance
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GATHERING POWER: measurement of the collection capabilities of the 
mission (it includes the detector lifetime)

Instrument Gathering Power

Statistical Error on Flux measurement

Maximize Statistics < -- > Minimize statistical uncertainties
•  Large acceptances

•  Long duration missions

/ 1p
N

<latexit sha1_base64="gjSovIx2ENlceRLhccHuNga4Lek=">AAACA3icbVDLSgMxFM3UV62vUXe6CRbBVZkRQZdFN66kgn1AZyiZNNOGZpKYZIQyDLjxV9y4UMStP+HOvzFtZ6GtBwKHc+7l5pxIMqqN5307paXlldW18nplY3Nre8fd3WtpkSpMmlgwoToR0oRRTpqGGkY6UhGURIy0o9HVxG8/EKWp4HdmLEmYoAGnMcXIWKnnHgRSCWkEDGKFcObnWaDvlclu8rznVr2aNwVcJH5BqqBAo+d+BX2B04RwgxnSuut70oQZUoZiRvJKkGoiER6hAelaylFCdJhNM+Tw2Cp9GAtlHzdwqv7eyFCi9TiJ7GSCzFDPexPxP6+bmvgizCiXqSEczw7FKYM286QQ2KeKYMPGliCsqP0rxENkyzC2tootwZ+PvEhapzXf8tuzav2yqKMMDsEROAE+OAd1cA0aoAkweATP4BW8OU/Oi/PufMxGS06xsw/+wPn8AesUmFQ=</latexit><latexit sha1_base64="gjSovIx2ENlceRLhccHuNga4Lek=">AAACA3icbVDLSgMxFM3UV62vUXe6CRbBVZkRQZdFN66kgn1AZyiZNNOGZpKYZIQyDLjxV9y4UMStP+HOvzFtZ6GtBwKHc+7l5pxIMqqN5307paXlldW18nplY3Nre8fd3WtpkSpMmlgwoToR0oRRTpqGGkY6UhGURIy0o9HVxG8/EKWp4HdmLEmYoAGnMcXIWKnnHgRSCWkEDGKFcObnWaDvlclu8rznVr2aNwVcJH5BqqBAo+d+BX2B04RwgxnSuut70oQZUoZiRvJKkGoiER6hAelaylFCdJhNM+Tw2Cp9GAtlHzdwqv7eyFCi9TiJ7GSCzFDPexPxP6+bmvgizCiXqSEczw7FKYM286QQ2KeKYMPGliCsqP0rxENkyzC2tootwZ+PvEhapzXf8tuzav2yqKMMDsEROAE+OAd1cA0aoAkweATP4BW8OU/Oi/PufMxGS06xsw/+wPn8AesUmFQ=</latexit><latexit sha1_base64="gjSovIx2ENlceRLhccHuNga4Lek=">AAACA3icbVDLSgMxFM3UV62vUXe6CRbBVZkRQZdFN66kgn1AZyiZNNOGZpKYZIQyDLjxV9y4UMStP+HOvzFtZ6GtBwKHc+7l5pxIMqqN5307paXlldW18nplY3Nre8fd3WtpkSpMmlgwoToR0oRRTpqGGkY6UhGURIy0o9HVxG8/EKWp4HdmLEmYoAGnMcXIWKnnHgRSCWkEDGKFcObnWaDvlclu8rznVr2aNwVcJH5BqqBAo+d+BX2B04RwgxnSuut70oQZUoZiRvJKkGoiER6hAelaylFCdJhNM+Tw2Cp9GAtlHzdwqv7eyFCi9TiJ7GSCzFDPexPxP6+bmvgizCiXqSEczw7FKYM286QQ2KeKYMPGliCsqP0rxENkyzC2tootwZ+PvEhapzXf8tuzav2yqKMMDsEROAE+OAd1cA0aoAkweATP4BW8OU/Oi/PufMxGS06xsw/+wPn8AesUmFQ=</latexit><latexit sha1_base64="gjSovIx2ENlceRLhccHuNga4Lek=">AAACA3icbVDLSgMxFM3UV62vUXe6CRbBVZkRQZdFN66kgn1AZyiZNNOGZpKYZIQyDLjxV9y4UMStP+HOvzFtZ6GtBwKHc+7l5pxIMqqN5307paXlldW18nplY3Nre8fd3WtpkSpMmlgwoToR0oRRTpqGGkY6UhGURIy0o9HVxG8/EKWp4HdmLEmYoAGnMcXIWKnnHgRSCWkEDGKFcObnWaDvlclu8rznVr2aNwVcJH5BqqBAo+d+BX2B04RwgxnSuut70oQZUoZiRvJKkGoiER6hAelaylFCdJhNM+Tw2Cp9GAtlHzdwqv7eyFCi9TiJ7GSCzFDPexPxP6+bmvgizCiXqSEczw7FKYM286QQ2KeKYMPGliCsqP0rxENkyzC2tootwZ+PvEhapzXf8tuzav2yqKMMDsEROAE+OAd1cA0aoAkweATP4BW8OU/Oi/PufMxGS06xsw/+wPn8AesUmFQ=</latexit>
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•  Cosmic ray physics is (almost) all about FLUXES

•  DIFFERENTIAL FLUX: number of CRs per unit of time and energy (*) 
crossing the unit vector area towards a given direction in the sky
•  Measured in [ GeV-1 m-2 s-1]
•  Used for point source studies (like gamma rays)

•  FLUX or INTENSITY: number of CRs per unit of time, energy (*) and 
solid angle crossing the unit vector area 
•  Measured in [ GeV-1 m-2 s-1 sr-1]
•  Used for isotropic measurements (charged cosmic rays)

(*) Fluxes can be expressed as function of different improper definition of “energy”
•  Kinetik energy (calorimeters)
•  Kinetik energy per nucleon (calorimeters)
•  Rigidity (spectrometers)
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Kinetik Energy: defined by the acceleration due to 
electrostratic fields at the sources. Measured with 
calorimeters



Kinetik Energy per Nucleon: defined by the spallation 
processes during propagation in the ISM medium. Quantity 
conserved in spallation processes. Measured with 
calorimeters (and hypothesis on the isotope composition)


Rigidity: defines the motion in magnetic fields (for example, 
during diffusion through turbolent fields or curvature in 
homogeneuos fields). Measured with spectrometers
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Beware: Fluxes are differential quantities (see units). Transformations from different unit on 
the X axis require the use of the Jacobian on the Y axis
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Precision knowledge of the detector acceptance, response and resolution, and 
of the data acquisition in space.

Each factor uncertainty contributes equally to the final measurement.
Systematic uncertainty studies for each factor are fundamental

�(E) =
N

�E �T Acc "sel "trig

The Flux Measurement

Number of cosmic rays collectedFLUX

Acceptance (m2 sr)
usually calculated using MC sims

Exposure Time (s)
also called “Livetime”

Energy/Rigidity (GeV)
size of the bin

Particle selection efficiency
based on the statistical techniques 

employed to extract N

Trigger Efficiency
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Future experiments

AMS-02 will be the unique magnetic spectrometer in space
able to distinguish matter from antimatter for the next 10 years.

62


2014

Cancelled+


