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Werenptain Infermation from Universe?



| angegipanticles arnriving in Earth from
SR ozlExAandfether galaxies
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@ (E)dE=12.5(E+E0)2¢dE cm2 st The spectra show aopower law since
B 000000 0 some eV up to 10%° eV with some
. features called the knee and the ankle

i P They move through the interstellar

medium (ISM) where they experience

scattering, re-acceleration and energy

10° | | loss due to the irregularities of the ISM

and to magnetic fields before reaching
the Solar Neighbourhood

o Their origin is very uncertain: Their
spectra suggest some electromagnetic
Knee —— processes similar to those from high
10" | [~1 particle/{m? year)] energy acelerators of particles

’ Some particles with E~GeV are ejected
by the Sun: it is probable that other
10” stars also eject this type of particles

o Ak The probable mechanims: particles
R \\ ejected by stars reflected repetively in
i [ ~1 particle/(km® year)] -
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0 magnetic clouds of gas. This may occur

by interstellar shocks in SN remnants
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Energy [eV] particles impact on the ISM producing
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talen from 'U'ab. 2 by Simpson, 19837 compared bo the solar system abundances (open circles, taken
from Tab. 38 by Lang, 1980 normsaleed to 81 — 109,

mThe abundances are similar to the solar ones
mThey are higher for the light elements
mlsotopical anomalities



= ESIS IN STARS -
= 2\;:::0 RAY SPALLATION p,OL+ CNO —p 6’7L|,9Be,10’1lB

EE BIG BANG SYNTHESIS

NEUTRONS

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

|

[Fe/H]

Fig. 9.7. Evolution of Be and B abundances according to the model based on confinemen
cosmic rays in the early Galaxy (solid curves). Some observational data points are shown wi
error bars. Adapted from Prantzos, Cassé & Vangioni-Flam (1993).




. Detection in the space: direct study of measurements
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Particle Types in the Cosmic Rays

Extrals
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Fluxes, relatives abundances and energy spectral
distribution

Primary elements (p, He, C, Fe, ..

)

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

Secondary instable nuclei (1°Be/°Be, 2°Al/?7Al, ...)



Origin:
From where do
the particles proceed?
Which kind of
acceleration
mechanims
does work?

Extra golactic
infall

Sources
and
acceleration

I Galactic propagation in interstellar |

Propagation
Interactions of
particles through
the Galaxy
in the way to
The Earth
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magnetic fields and modifications

in interstellar medium.

Modulation

Effect of the particles

interactions
with the solar wind
(magnetic field

of the Sun , heliosfere)

- (Figure from
- Pagel 1998)

Solar medification
in interplanetary
magnetic fields

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




INFORMATION OBTAI

= 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(n;) : 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
iInformation about the time spent by the particles within the
confinement region.



synchrotron

- 1nvv.=,rse Compton

energy losses remsstrahlu ng

reaceelera !wrt Y
“‘*\__JI?‘_

v diffuse background, both galactic and extragalactic
dark matter search through y annihilation




degl

EG IE]T £ 1398 o430 1243 15000

Notes.— : E, e [
only to the Large Magellanic Cloud); em, possibly extended
source or multiple sources (based on source location maps
inconsistent with a single point source or poor fit to the
calibrated PSF, from the observalion or sum of obser-
vations presented in the first entry for the source); C. source

flasi position. (Below-
threshold excesses are considered in assigning this symbol,
so some weak sources may be designated as confused
despite having no other catalog sources nearby, e.g.. in Fig.
4.) Sources with no entry (other than (@) in this column are
consistent with the EGRET PSF for a single source.
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2.4
The new
location iIs
In the shell 2
of the
remnant
SN W66 of 2

v Cygni

There is
star- 1.8
forming
regions
around 1.6

78



The SN remnants are close
to molecular clouds: star
formation sites.
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Point Spread Function: probability/steradian
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m...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.

mThis 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.

mThe 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)




Obtention of spectra
for any nuclel

logiflux) ¥s. loglekin}

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.

Elemental Abundances @ 200 MeVinucleon

T T T
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The most striking difference
between the isotopic composition
of the Galactic Cosmic Ray
Sources (GCRS) and the solar
system _is_the facto enhanced
22Ne£20|:|e [aIiQ QbSEEMEd in Ihe
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 2°Ne 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.
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and

AMS will measure the spectrum up E <1 TeV/n
In 3 years will collect

~10° C with E > 100 GeV/n

~10% B with E > 100 GeV/n

s AMS-02 (6 months)

= Present Measurements

.I
LIS (Strong & Moskalenko) ¥ -+i+

Modulated (Strong & Moskalenko]'

T 2
K?lqletic énerg{? (Ge‘wn)

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




-
 Radioactive nuclei Cosmic Ray Chronometers
10Be t;, = 1.51 Myr
26A1 t,, =4.08 Myr

mSome 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.

| AMS-02 (6 months) | e e
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mean trajectory length (Kpc)

average length of cosmic ray trajectories

Codino,2003
disk, D< 0.8 kpc

Kobayashi 2004
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The connection cosmic rays and star formation

m 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

mCosmic 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
mAbundances of light elements: how to produce them
mPossible cosmic rays sources: relation on star formation
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10Be determination of halo size
for reacceleration model
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1)
2)
3)
4)
5)
6)

e transpoert equation

- 4
*ZJ‘ Nj(E')[nHeo-He,ji (6,E")+nyo; (E, E')Vj]dE'

T—

Radiactive decay loss The galprop model solves
the transport equation

Original source of particles including difussion,

Difussion term convection and
reacceleration

lonization loss
Destruction by spallation of nuclei

Formation of new nuclei by spallation of other more massive ones



Gamma Rays are not deviated by the magnetic fields. They can
be associated to their sources.

Gamma rays from the galactic disk are produced by the decays
of neutral pions coming from the interactions of the cosmic rays
with the interstellar medium.

It is possible to obtain the cosmic ray density by measuring
the diffuse gamma ray from the galactic plane. I't is necessary
to know the background in order to search for rare events.

dl Efecto Compton inwverso

£l Radiacion
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IQch In the medium
A= wavelength
Z= charge'of particles

o= fine structure constant

The spectrum is shifted to short wavelength

The number of photons depends on Z

The measure of the angle 6, Is a measurement of the particle
velocity 3
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