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HowHow do do wewe obtainobtain informationinformation fromfrom UniverseUniverse? ? 

1. Matter which arrives directly
2. Lost of directionality



COSMIC RAYSCOSMIC RAYS
AcceleratedAccelerated chargedcharged particlesparticles arrivingarriving in in EarthEarth fromfrom
the Sun, the Sun, ourour galaxygalaxy andand otherother galaxiesgalaxies
MainlyMainly protonsprotons (90%) (90%) andand αα particlesparticles (9%)(9%)

Φp(E)dE=12.5(E+E0)-2.6dE cm-2 s-1 The spectra show a power law since 
some eV up to 1020 eV with some 
features called the knee and the ankle
They move through the interstellar 
medium (ISM) where they experience 
scattering, re-acceleration and  energy 
loss due to the irregularities of the ISM 
and to magnetic fields before reaching 
the Solar Neighbourhood
Their origin is very uncertain: Their
spectra suggest some electromagnetic
processes similar to those from high
energy acelerators of particles
Some particles with E~GeV are ejected
by the Sun: it is probable that other
stars also eject this type of particles
The probable mechanims: particles
ejected by stars reflected repetively in 
magnetic clouds of gas. This may occur
by interstellar shocks in SN remnants
Some of these primary accelerated
particles impact on the ISM producing
secondary particles



AbundancesAbundances in in cosmiccosmic raysrays

The abundances are similar to the solar ones
They are higher for the light elements
Isotopical anomalities

Solar abundances

CR abundances



The elements and nuclei production
p,α+ CNO         6,7Li,9Be,10,11B

T
H

CNO
H
L

pΦ= σ

The light elements cannot be 
produced as primordial nuclei
(except 7Li) nor by stellar
nucleosynthesis since they are 
destroyed in the interiors of stars



AMS

He

Detection in the space: direct study of measurements

reflector PMT plane

radiator

Cerenkov
light emitted in the radiator by 
relativistic charged particles.

Purpose:
1. Precise measurement of

the velocity β
2. Measurement of the

charge (Z)



The RICH detector: 
expected results





Fluxes, relatives abundances and energy spectral 
distribution

– Primary elements (p, He, C, Fe, …)

– Secondary stable nuclei (2H, 3He, Li, Be, B, ...)

– Secondary instable nuclei (10Be/9Be, 26Al/27Al, …)



The high energy cosmic 
ray nuclei are accelerated 
particles that move 
through the interstellar 
medium (ISM) where they 
experience scattering, re-
acceleration and  energy 
loss due to the 
irregularities of the ISM 
and to magnetic fields 
before reaching the Solar 
Neighbourhood

Origin:
From where do 

the particles proceed?
Which kind of
acceleration
mechanims
does work?

Propagation
Interactions of

particles through
the Galaxy

in the way to
The Earth

Modulation
Effect of the particles

interactions
with the solar wind

(magnetic field
of the Sun , heliosfere)

HowHow do do thethe
cosmiccosmic raysrays
come come toto thethe

EarthEarth?

( Figure from 
Pagel 1998)

?



INFORMATION OBTAINED FROM COSMIC INFORMATION OBTAINED FROM COSMIC 
PRIMARY:
– Energy injected and spectrum of Q(E): the precise measurement of 

the energy spectra for primary elements, mostly H and He, allows the 
accurate determination of the spectral index : clues about the origin 
and acceleration process

– Pattern of accelerated nuclei S(ni) : the precise measurement of the 
energy spectra for primary elements up to Fe will allow to obtain the 
abundance pattern

SECONDARY NUCLEI:
– Where they form: The precise measurement of the ratio 

secondary/primary spectra will allow to determine the size of the 
diffusive region or confinement volume, where cosmic rays move 
before escape of the galaxy. 

– When they form: Some of the new  species created are radioactive. 
Thus, the unstable isotope spectra determination will give 
information about the time spent by the particles within the 
confinement region.



γγ RAY ASTROPHYSICSRAY ASTROPHYSICS

–– γγ diffusediffuse background, both galactic and background, both galactic and extragalacticextragalactic
–– darkdark mattermatter searchsearch throughthrough χχ annihilationannihilation
–– γγ source locationsource location



EGRETEGRET



3EG J2020+4017 3EG J2020+4017 (EGRET (EGRET 
sourcesource withoutwithout identifyidentify))

γγ CygniCygni

BayessianBayessian
analysisanalysis

ThisThis sourcesource isis in in 
anan active active regionregion
in X in X andand radio radio 
bandsbands

Carlos Delgado, IACCarlos Delgado, IAC



∆θ68%

Carlos Delgado, IACCarlos Delgado, IAC



Fuentes en Fuentes en RxRx

Carlos Delgado, IACCarlos Delgado, IAC



Fuentes en radioFuentes en radio Carlos Delgado, IACCarlos Delgado, IAC



Regiones de formación estelarRegiones de formación estelar

Carlos Delgado, IACCarlos Delgado, IAC



TheThe newnew
locationlocation isis
in in thethe shellshell
ofof thethe
remnantnt
SN SN W66 ofof
γγ CygniCygni

ThereThere isis
starstar--
formingforming
regionsregions
aroundaround



The SN remnants are close
to molecular clouds: star
formation sites.
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…SN progenitors into OB associations, formed on a short timescale
from the collapse of a giant molecular cloud (e.g. Blitz, 1993). The 
explosion of the first SN among such an association is thus to be 
followed by several tens of others within a few million years, at 
approximately the same location.  

This results in the formation of a `multiple supernova remnant', 
powered by both the SN explosions and the strong winds of Wolf-
Rayet stars in the OB association, which grows as a large bubble of
hot, tenuous plasma known as a superbubble (e.g. MacLow & 
McCray, 1988; Tomisaka 1998; Korpi et al.  1999).  Superbubbles
(SBs) are commonly observed in X-rays in our and nearby galaxies.

The impact of multiple SNe on their environment is large, and if SN
explosions are indeed the GCR source of energy, the fact that most
SNe occur in groups should incite us to take their collective effect
into account when considering cosmic ray acceleration.  In particular, 
it seems natural to expect an intense supersonic turbulence inside
the accelerator, due to the interaction of individual SN shocks and
strong stellar winds in the SBs. …(Drury, et al)



Source: The precise measurement of 
the energy spectra for primary 
elements up to Fe will allow to 
obtain the abundance pattern. 
Its comparison with elemental 

abundances ejected by 
different mass stars will give 

clues about the type of source.

Obtention of spectra
for any nuclei



The most striking difference
between the isotopic composition
of the Galactic Cosmic Ray
Sources (GCRS) and the solar 
system is the factor 3 enhanced
22Ne/20Ne ratio observed in the
GCRS, while isotopic ratios 
involving heavier isotopes like
magnesium or silicon have near
solar values.  Wolf--Rayet (WR) 
stars appear as a promising
source for the 22Ne excesses. 
Indeed, during the WC phase, a 
particular stage during the WR 
phase stellar models predict that
22Ne is significantly enhanced in 
the stellar winds. 



Núcleos ligeros

AMS will measure the spectrum up E    1 TeV/n
In  3 years will collect  
≈105 C with E > 100 GeV/n

and  ≈104 B with E > 100 GeV/n

~<

The precise measurement of the 
ratio secondary/primary spectra 
will allow to determine the 
quantity of matter traversed and, 
hence, the size of the diffusive 
region or confinement volume, 
where cosmic rays move before 
escape of the galaxy. 



Light IsotopesLight Isotopes
• Radioactive nuclei  ≡ Cosmic Ray Chronometers

10Be t1/2 = 1.51 Myr
26Al t1/2 = 4.08 Myr

Some of the new  species created are radioactive. Thus, the unstable 
isotope spectra determination will give information about the time 
spent by the particles within the confinement region.

10Be/9Be



Kobayashi 2004

Codino,2003

disk, D< 0.8 kpc

D< 1kpc,

t < 105 yr



SummarySummary

Star formation: 
production of
elements
Stars form and die
Some elements are ejected
to the ISM: abundances. 
Only elements created by 
nucleosynthesis. 
Light elements: Li, Be and
B

Cosmic Rays: Origin, 
propagation, measurements…

Measuring the spectra for
different isotopes

To obtain the original 
spectra (propagation
models)

Relation of these spectra
with the sources of cosmic
rays

Measurements of abundances in the cosmic rays
Abundances of light elements: how to produce them
Possible cosmic rays sources: relation on star formation

The connection cosmic rays and star formation



D/p3He/4He



El tamaño del halo H  > 4 El tamaño del halo H  > 4 kpckpc



AMS detector
Set of sub detectors devoted to the measurement of energy and 
particle identification: Z, mass,…



TheThe transporttransport equationequation
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1) Radiactive decay loss

2) Original source of particles

3) Difussion term

4) Ionization loss

5) Destruction by spallation of nuclei

6) Formation of new nuclei by spallation of other more massive ones

The galprop model solves
the transport equation
including difussion, 
convection and
reacceleration
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l= distance in the medium

λ= wavelength

Z= charge of particles

α= fine structure constant

The spectrum is shifted to short wavelength

The number of photons depends on Z

The measure of the angle θc is a measurement of the particle
velocity β
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