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cosmLe rays
accelerateol?

Y How do cosmic
rays propagate
n the Galaxy?

...andl of course
how do we

detect thema?
N




Our Galaxy

bulge 0, B stz

pisk: concentration of PAC i conte

interstellar dust and gas e e . £~
Galactic bulge: large : 8 Kkp

’ ’ ’ - 9

distribution of stars Just  Opé sbulz

surrounding the qalactic

center. n the Galactice 0 Kp

center, the Sag A* radtio
source with black hole

Halo: spherical distribution of
globular clusters and old
stars

Arvis: four major spiral arms;
the Suwn is located on the
smaller Orion arm, within
the qalactic disk, about &
lpe from the center
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The interstellar Medium

Principal Constituents of the ISM

Total Mass || "Cloud" Mass || Density | Temperature
(M) (M) (cm) (K)
Hl gas ~5x 10° 0.1-10 100-1000
Hzgas | 1-5x10° 10%-108 10%-10° ~10
Dust || ~5x107 ~40
HIl gas 100-1000 103-104 10,000

p~1 atom/cm= (90% gas, 10% dust)
Pc(9as)~ pe (or) ~ p(B)~1 ev/em?
B~ 3uqG

Visible light is efficiently absorbed
or scattered bg (SM, so masking
most of the MLLIQg way

Radio & infrared light odoes pass
through the ISM.
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: . - Star forming regions
Pulsar, pulsar wind nebulae Nova revanants
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geactic Cosliiiiuan

inclined AqN l’(-v“i"ﬁ’ed MDdCL

Type | Seyfert 4 ’ ’
Gas clouds _ bl e Lt Differecies depend on our view

(broad lines) ortentation respect to the
Disk : Ruasars, blazars,

Narrow line Broad line SCH{BY{:...

region ' region

/ »
/ Edge on
Black hole Typc 2 Scyfcr! - HST mage of a Gas and Dust Disk

Accretion radio galaxy f

Dense disk (narrow lines)
torus

/

11) Matawonrth Abbaters Comaanv)ITP

NGC 4261
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Starburst galaxies

BCG, LIRG, ULIRG

M82,
IRAS19297-04

Galaxies collisions

Cesarsky & Ptuskin,
23rd ICRC, Calgary, 2 (1993) 341.

Antennae
system (NGC
4038+4039)
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e Rays: SNRs. i,
ik

Cosmic ray intensity dd(€)/dE ~1.2 B Tem2stsrt Gev™® |1, oy
Differential number density of c.r. n(€)=4m/c ¢(€) I
% 107 ¢ RRCTI .\‘ -"AD
= ' I T
' ity i g de [l AT
Cosmic ray olewsvcg inthe ISM |[pg=—[FE——dE=1eVem |2 S Y
> &
C f= 10-5 ! JE“ to A
P AR
Emﬁ;: HE ?* p
(o] E W 4
10 i : c:— 7: 53
> ) Power required: ; LA "
10-8 L
—_ 2)p ~ ce =2 : t
Vi =TTR*N~ 4.2 10%¢ eme ;
T —_~ 1 © 1079 Lol il il sl ] o
esc é 0 5 10 loi{inet,li(cJ:aener;g“(Me\’l/?xucleon%OG
P =0, Vi Tpeo™ 4 10* trg/s

SN and SNRs:

SN rate in galaxy v=1 SN/ 30 y
SN wmass 10 M, ~10x 2103 g, E,; ~ 10" erg

Suwn

If acceleration efficiency e~10%

> D  Power required:
W=¢g€E_ /V~10*"erg/s

4
kL.
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& IRETREARG e and SNRs

He = (C,0
San Stars with M> € M, : the collapse can be catastrophic and
Si,S == Fe L

e re raptd.

whewn the whole core Ls converted to lrown, Lt contracts very

rapidly and collapses, because the gravitational foree
Ls not balanced by the outward force of the pressure .

nthe dense Lroncore: e +p=>n+v

\ Neutrinos escape; cooling and further contraction of core
up to nuclear density 4 x 107 kg/m?

Powerful wave of pressure sent outward Linto the outer core.

\ , The material surrounding the core, falling down onto the

core, encounters this wave of pressure.

\ v n a fraction of a second the material begins to reverse its

N motion and move towards the star surface.

The wave of pressure accelerates as it encounters less anol
less resistence and soow reaches a velocity greater than

. the speed of the sound becoming a SHOCK WAVE, Like

~ the sonic boow of a supersonic atrplane.

The shock wave gjects the material at speed of thousand of
Kw/s

A.castellina l—ﬁ 3rd School of Cosmic Rays and Astrophysics 14




SN19LFA in the Large
Magellanic Clowds
(70000 light-years)

1984 1987

Adfter a few howurs, the shock wave reaches the surface of the star, heating the surface
layers; energy released very large

A portion of this energy escapes in a form of Light and in one or two days the
exploding star becomes brighter than a billion of Suns: a SUPERNOVA.

At the end of this process a compact stellar remmant
and an expanding gaseous shell are created

The stellar remanant Ls a neutron star or black hole

The expanding gaseous shell interacts with the
tnterstellar medium

This region of the interstellar wedium is called
Supernova Remmnant

A.castellina 3rd School of Cosmic Rays and Astrophysics 15



ock

coeleration Model ..

GParticles are scattered across the shock fronts of a SNR, gaining energy at each
crossing - based ow the Fermil mechanism (1° order)

GThis model gives a power energy spectrum € with ¢ > 2 typleally.
G when the gyroradius r,_ becomes comparable to the shock size L, the spectrum

cuts off. Magnetic Field Strength
10%G -
mv2/r =ZeBv  pv/r = ZeBv i
r. [pc] ~ Epey/BcZ 6 [
Q : 106 |-
'] =
\-;’ LpC >> r‘,_ s:ps &
g L
S Prad and Pmat swmall T
s 16 |-
..g_ BMG '(:aSt 1:acc B
swmall energy losses sl N S
Galactic Cluste
B Galactic Halo M
BMGLpC>EPeV/Z[3 _llllllslllll 3 (N N N I Y A Y |
1km 10%km | 1pc  1kpe 1Mpc 1Gpe
€ x & 7 "o Size
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W
2nd order stochastic acceleration:
Particle encounters magnetie Lrregularities moving
with veLooLtg V L the ISM
towards it (head-on collision) —* energy gain

away from it —> energy loss
Head-on collisions more frequent: wnet gain E=AE/E ~ 4/3 32

Power Law spectrum
N(B)~N, E*with x=1+ (R T, )*

Sufficient
acceleration

r’/ Insufficient
(E / acceleration
[ dt

& clouds random velocities B~ 10+ and L ~ 1 pe

T, ~ few years : collisions are not frequent enough
too inefficient energy gain

lonisation losses

& T, must be rapid enough to overcome the tonization energy losses
(or particle injected with energy >> maximum energy loss rate)

g 1t odoes wot explain the observed slope x~2.14

A.castellina 3rd School of Cosmic Rays and Astrophysics 17



First order Fermi Acceleration

Shocked medium Interstellar medium
downstream upstream
=
O
=\ Vshock r
- - \
o A - -

Particles crossing strong shock waves in both directions
Collisions are always head-on: energy gain E=A€/E = 4/2  (Lst order)
The velocities of particles are randomized on each side of the shock
g Theve s one slope for a power Law energy spectrum: N(B)~N, €2

& The Ferml mechantsm has an cfﬁoiewog ~ few %

& The maximum energy a particle can reach in this way is Bmax ~ 300 Z, Tev
subsequent cutoffs of the spectra are expected as Z rises

A.castellina 3rd School of Cosmic Rays and Astrophysics 18



oC

ceLeration. Modeb

The source spectrum LS a power Law with ~ expected slope
The accelerators are efficltent enough

% | The maxinmwm acceleration energy €, ~ 2 10*° Z eV

v
P

Tev Y rays from hadroproduction in SNRs

Residence time in Galaxy is not <&2-¢

Source spectrum slope vs release spectrume slope ?

Q& VEery few SNR sources of Tev Y rays

Time integrateo Lumiwosi’cg of certain SNRs not enough to feed L,

Electrons can't diffuse far enough from SNR to explain radio

[see e.9. A.Par, astro-ph/0601329]

A.castellina 3rd School of Cosmic Rays and Astrophysics 19



ock

ceLerationModel

From the diffusion equation for a primary nucleus

[assuming wo feed-dowwn from heavier, no energy losses
n ISM]
R(e) ~ N(E)/T,,, ~ N(E) E°

Since the observeo flux
P(E) ~ BV emu=3ssr Tgev?t

Ls related to the Local energy density spectrum of er :
N(€) = 4m/c O (€)

if y~2.7# and 0~0.6
P  R(E) xg 1 ~gri

A.castellina 3rd School of Cosmic Rays and Astrophysics 20



ock

ceLerationModel

The source spectrum LS a power Law with ~ expected slope
The accelerators are efficltent enough

v’ , X
N | The maximeum acceleration energ Y Ba™ 3 10%° Z, eV

Tev Y rays from hadroproduction in SNRs

v

Residence time in Galaxy is not x&°¢

Source spectrum slope vs release spectrume slope ?

[ | Very few SNR sources of Tev ¥ rays

Time integrated luminosity of certain SNRs not enough to feed L,
Electrons can't diffuse far enough from SNR to explain radio

[see e.9. A.Par, astro-ph/0601329]
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Hadrownle or electronle nature
of parent CRs LN a SN souree

SNR Y-ray spectra >10 TeV
strong radiative Losses
cutoff in IC spectrum

Older SNRs
electron radiative cooling

SNRs interacting with molecular
clowds
W>10% ™=

electron accelerator

hadron accelerator

synchrotron n® production
emission
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G0.9+0.1

YvHe > 100 GeV emission from
the central 200 pe of Galaxy

AN/dE = 1. 73 10°% €2V
Teviem=2gtgr?t

Strong correlation between

Y emission and target material
(Cs emission: -2 107 M, of
Interstellar matter L clowodls)

" £ NANTEN 12%O(J=1-0) 10-20 km/s
-2&|—§. l. " o

W28 (Radlo Boundary)

8(

6(

24—

""2(

RA J2000.0 (hrs’
1

YvhE EMission cotncident with
molecular cloud tn W28

Spatial corvelation Ls strong

p/nuclel interact with ambient
wmatter of density n>10° cm=
...hint for HADRONIC ORIGIN

w2g is tn a regiown of rich star
formation ...other accelerators?

A.Castellina

3rd School of Cosmic Rays and Astrophysics
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oC
ceLeration. Modeb

The source spectrum LS a power Law with ~ expected slope
The accelerators are efficltent enough

A | The maximum acceleration energ Y B~ 310 Z eV

P

Tev Y rays from hadroproduction in SNRs

Residence time in Galaxy is not x&°-¢

Source spectrum slope vs release spectrume slope ?

= | very few SNR sources of Tev ¥ rays

Time integrated Luminosity of certain SNRs not enough to feed L,

Electrons can't diffuse far enough from SNR to explain radio

[see e.9. A.Par, astro-ph/0601329]
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Tresidence( y r )

' ag" " ™ e™ w® w® "™
Riqidity (E/Z) / eV

>
L -
3 o
s
~1/3 @)
EL‘ tresidcncc _—> ( E/ Z ) : (i)
| g
A
3 . ~ 0.1%
: ™
i e
-0.6
EL tresidence % (E/Z) % 3 -1 1%
E > ? “\\\‘
3 ‘
E - 10%
C 3 .
g tcrossim; g —
: unphysicat
.E'. “
[ .~



@ Diffusion models showlol

E)(pl,aiw the cosmice ra Y compositiow
Describe the cosmle ra Y spatiaL distribution
Give a consistent model for all spectes

B disintegration Spallation -
Disc) Ec/n
2 Py _Eeeemem— Ech
. N Energy losses ) z A’
(AZ) (AZ+]) p (Dise > a
' — — ZA @
+
‘[3 : & (p,He)
< (AZ-D A R=20 kpc
S
< >

Diffusive halo

A
<«— with convection <o> = 1 3
=3-10 kpc = -
. and nuclear P cm
v, | | . Reaction
h=0.1 l\p( 'l (H+He+...) o0y | \
3 (B) Disk, where
N
S S - sources anol
= R..=8.0 kpc 7
2 NV ISM are
[A\ (axial symmetry around z) Vi V2
@ L = —————— - b1\ B2 Looated
(Reacceleration : Va) | .2,
~ (Disc) A pl 7 I
—C sannnll {Disc) -
Diffusion on magnetic inhomogeneities Acceleration by shock waves
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The trasport equation

Aosc =10 g/cm?

L=X/p=10%5 cm mm=m) 3 Mpc >>h

Galaxy

Bnergy losses

de acceLethomJ [Covwwtw"b} i

N . (DvN,)- i[b,.(E)N,.(E)] V- uN,(E)HQ,(E, 1)

do,, (E E") High energy:

N, (E"dE'

ot
V
- piNi H— L ZI
v Source 'W\:jectlow

/ —O
Nuclel Losses by y \ - spectrum @ (E) < €
olliston and deca ucelet gain from higher energ
voo, T (C-Q'WMOLBGV fmgmew‘catww)

P= 7+ v r(e)x &

v Diffuston coefficient
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The Leahg Box Modlel:

The Galaxy is wmodelled as a box
where CR propagate freely and
Where there is a constant probability
of escape  Tgeo ' << c¢/h

No di‘ﬁCM.SLDVb: V(DIVNI) =>- N/T

eSC

Homogeneity: V,=0, no collisions or energy losses.

#‘f
#
#‘f

AlL quantities are averaged

N(E)/Tese+ NV OiN; = Q(E) +Z,,nvo;N

<}‘esc> = < p>BCIGSC

/ \ e /hv

/\ N[ ~ /
A.castellina 3rd School of Cosmic Rays and Astrophrisics M 29




The primarg/seoowdarg ratio Ln the Lea kY Box Model:

6 For primaries: source spectrum &; (€) x &7

diffusion in the ISM with K(B)x 8% _

Np/Tese + NV O Np = Qp +zmj' N

Np = Qp/(1+NVOpTeg, ) = Qpl(1+0p Mg )

6 For pure seconolaries:

Ng/Tesc + NV OgNg = %GNZ +2,.sNVOpgNp= nVO'PSNP (for 1 pr'wwargj only!)

Nt Aege OsNg = Aegc OpsNp  (c.and A g the same for primary or secondary!)

escC escC

NS = (}"esc OPSQP)/(1+ }"escos) (1+ }"escoP)

sS/P — A,

Lf cross sections are known

}\'CSO T;CSO

tf nis known

A.castellina 3rd School of Cosmic Rays and Astrophysics 20



14
@
0 op el 4 ,
h B/C shaped maLng bgj
107 the diffusion coefficient slope &
- | ® HEAO-3 K, LV, V, not important
i o
I R 4 for €2 100 Gev/n
o2l | Lezniak v .,__.\\\\"- N
= Caldwell No relevance of  injection
- | O Juliusson “ ol oe spectrum: checked for a=[1.8-
B Orth |
=1y crn 2.5] equal for each wnucleus or
l % RundJob [LiBeB/CNO] 0.85 for different al (wicbel-Sooth)
10'3 1 1 L1 1 |III 1 1 1 L1 III 1 1 1 L1 |I|| 1 1 L1 1111 '
1 10 0’ 10’ !

E [GeV/nllo
3 Reglow of interest = 100 gev/n

e Very few experimental data above this energy, but curvent and future detectors
will have the ability of exploring the high energy range up to the knee region

Measurement of B/C ratio to get a measure of & (diffusion coefficlent slope)

[© A.castellina & F.Donato, Astrop.Phys. 24 (2005) 14¢6.1
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®, E2"[m?s"sr{GeV/n)"

10°

- 1.9
B r P -1
'_ A l*éiﬁ -~ _F_%_F_“_ ] i
'E%L;‘@ Oﬁ% -1 '} ’ 2.05| &
10" + T
E @ Heao-3 IR 2.2
- m Simon
% Lezniak
B O Juliusson
L Orth
¥ CRN1
L ¥ CRN2
1 I| 1 1 L1 111 II 1 1 11 11 III 1 1 11 111 I| 1 1 L1 1111
5
10 17 10 10* E [Gevilf I
% B O 500mzsrdays
Flux of carbon £ motn
predictions for o
§ =0.6, 0=1.9,2.05,2.2 SEEl
normalization at 35 Ggev/wn ‘;i,
(error 15 %) }
o

10
E [GeV/in]
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108 —
6 « Cosmic Rays (arriving) .

@ 10 — Solar System (Lodders 2003) -
T 104 a — | Results from.:
g 102 i 1 | zZz=12®BESS
Ie! 3 | | z==2—=0crIS
:(, 1 — | Z>20 HEAO-3, Artel-VI
2 20 -
@ 10 —
© 4 X .
T 10 [ﬁf -

10 N =

60 80 100

Atomic Number, Z

General similarity of the two samples
H, He are less abundant in CR thaw in SS
difficulty in tonizing and accelerate thew to high energy

LLBe, B and sub-Fe are more abundant tn CR thawn tn SS
these are spaLLatLow products
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[ | T S PV I
30 ZIn goguEm W
E » 5B '."'OI.I I E
— 23 :_ 50y [;e iUE. _:
o 1 o HDDH@ ]
s 20F g En ogoo o o -
N C Car ]
E O} 325 g o] ]
Z 15 28, ig -
é § Mg iE -
-8 10 - 2DNe []g ﬂrlmélry EI‘)\J_U%Iely 1?757 Ffrorn source -
e ST HDE Em:’:d' 3-25% rom seiree :
C 1ZCEE¢ - rqn:cpﬁju:—)u\/f);r rom scurce ]
S 79e & %‘_‘ ['j rFl cl s{;}g‘ﬂﬂu{“eﬁll FEI\,NLJ: ]rTl“u[r\ ]
C [ & K—Capture Secondary Nuclei .
O-ll||||||1||||||||||[||||||||||||||||||||_
Q 10 20 30 40
Number of Neutrons (N)
Primarg nuclet Cownditions of nucleosy nthests tn
sources. Models of propagation
Primary isotopes Time elapsed between
decaying by electron capture nucleosynthesis and acceleration
Secondary isotopes Average time elapseo between
decaying by P+ emission production and escape
Secondary isotopes Reacceleration
decaying only by electron capture
A.castellina 3rd School of Cosmic Rays and Astrophysics 34



T T I—

Acceleration Dela Yy Clocks: At (nucleosy wthests-acceleration)
v time bn Low T environment is short delay if seeds are grains formed
in SN ejecta, Longer for material injected in flave stars coronas
v\ DNL, 7Co decay by electron capture only in low T environment,
otherwise after acceleration they are stable
>10° Yy [Connell et al. 24th ICRC, Rowme, 2 (1995) 602]

Propagation Clocks: At (production-escape)
v measure the surviving fraction, ratio of observed abundance to expecteo
one if the nuclel did not have time to decay
V1%®e decaying by B emission (t,,=1.510° Y)
~1-2 107 Yy [Wiedenbeck et al. Astrop.).Lett. 239 (1980) L139]

A.castellina 3rd School of Cosmic Rays and Astrophysics



Wu‘,m lsotope S

4 stlicon detector layers
Scintillating fiber hodoscope

Mass resolution
O =<0.15 amu
Fe <0.25 amun

1=Z =30
50 - 500 Mev/w

+— Best measured Lsotopes anol elements
Isotopes
& Elements

Lo d o “Elements only”: patterns of d€/dx, no
wmeasure of total energy

I Lower limit on energy

e Rays and Astrophysies 26



RIS oharged partiole

’ 4 4
tdentificati
, . harged particl
ncident direction from SArgec pariee Known/Observed
hodoscopes (scintillating S
fibers in alternate -
divection) dE/dx ~ 22/v AL A
Energy from silicon :
detectors (4 one above the \
other) E ~ (1/2)mv? ’ E
Ae=energy deposit
w1 layer —— (dEfdx *E) ~ 2’m/2
Ci =€ dE/dx ~ A E/(A Lsec® )
AEX €, , =~Z2m Systematics minimized by use
of multiple layers (redundant
determination of Z,m)
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WSREBWIRGETE on at souree

o

Abundawnces at source are similar
to those of the solar system

2> Coswic rays are  10-2| J
accelerated out of a ree )/
’ % 62 o
well mixed . o A
Interstellar matter tn

both samples

> D 22Ne/RPNe = (0.238F +0.007°Y + 0.0225%%)
~ 5.3 times wore thaw in solar system!

[ wiedenbeck M. et al., Proc. 28th ICRC Tsukuba, japawn, 4, 1899 (200=)1
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GCR source abundances of elements (relative to solar-system

abundances) well organized by FIP: the higher the FIP the lower the ratio,

suggesting stellar atmosphere Lnjection

A.Ca

GCR source abundances also well organized by volatility: Lower
ratio for higher volatility suggesting origin in dust grains

100

1]

—_
o

GCR SOURCES/SOLAR [H

t is difficult to distinguish FIP from volatility because most
Low-FIP elements are refractory.

LOW-FIP INT.-FIP HIGH-FIP
<4+—>

F T o T o TIHP.. | T T -

: : Ga E E __

B Ba? :Sr :"_FFb" ? : i

I J:. —I ca T ‘Ilﬁ_{’}‘% : P xe2 i
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Several UH elements break the FiP/volatility degeneracy
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e source of the acce L

Superbubbles
blowwn by stellar winds and SN tn OB assoctations
Stize about 100-1000 pe
90% core collapses in our Galaxy oceur in
superbubbles
SN shocks accelerate superbubble material

* Higdon et al. ApJ To be pub., Aug. 2005; ApJ 590 (2003) 822; ApJ 509
(1998) L33; Lingenfelter et al. ApJL, 500 (1998) L153.
« Streitmatter et al. A&A 143 (1985) 249.

Superbubble (N 70) in the Large Magellanic Cloud it e SR R TN
(ESO-VLT image) The N44 superbubble [© Gemini telescope, Chile]
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Wolf-rayet stars

Evolutionary phase of massive O &
B type stars=» exist primarily in OB
associations

WR Mass—15-45 Mg

High velocity surface winds
(~1,000-4,000 km/s) eject material
into the ISM

Often are dusty and ~>60% are
binaries—puzzle how dust can
exist in such a hot environment WR-124 in Sagittarius —Hubble Image

Two phases—WN and WC

» WN--CNO processed material is
ejected with production of high
13C/12C and “N/180 ratios

»  WC--Wind enrichment of He-

burning products: esp. C, O, and
2Ne through reaction “N(a.,y
)18F (e+v)180(a,y)22Ne

n
n
n

"
]
D
]
n

—

WR-104 in Saaqittarius — Keck Telescope Imaae
[© Binns, Aspen 2005]
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ystem Abundances

o
()

Ratio Relative to Solar S
L1

0.2

Modlel for WoLf—Rage’c
stars with vartous tnitial
masses, with and without
rotatilown.

* CRIS Lndeed observes
enhanced ratios for *2c/*°0,
22Ne/2°Ne and “8Fe/%°Fe, as
predicted in WR wmodels Lf
about 20% WR contribution

CRIS observes cowsistcwcg
with Solar System
abunodances for the ratios
whieh are not enhawnced tn
WR models

A.Castellina
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WR star egjects are an important component of cosmic ray
source material
Superbubbles, where most WR stars and core-collapse SN reside
must be main sites of injection of material as GCR seeds and
sttes of origin and acceleration of a big fraction of GCRs.

This conclusion is strengthened by discovery of Tev y-ray sources from star forming
regions ... “The answer is blowing in the wind” [Butt Y.M., Nature 446 (2007) 9g¢&]

J2032+41320 and CYygwus OB2  LAharoniaw et al., Science 2007 (2005) 193€]
J1022-57+5 tn the RCW49 [Aharoniawn et al., ASA 467 (2007) 1073,

pory
N
(=]

& ,
. "Westerlund 2
. ey ’

(4, ]

ﬂ

8
Excess Events

-
S
c
2
-
[}
S -
©
<
o

10"30™ 10"25™ 10"20™
Right ascension (J2000) 44




Outline of the Lecture

Introduction

Origin, acceleration ang|| From Acceleration processes

Models oftlnc kwnee ( From propagation and Leakage

, , ...or new phuysties
Extensive ALr Showers Py

Experimental technigques] _, S
Bnergy spectrum and composition: measurements and results
Models of the knee : comparison with data

Awnisotropy studies with BAS arrays

Modlels describing the qalactic to Extragalactic transttion
Present results L the transition reglon

Future projects
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[Thc origin of the knee }

Acceleration ln SNRs: - Eynee * Z )
finite Lifetime of shock Emax x Z 10% ev - Composttion heavier
above knee

[SNRs - oblique shocks / single sources...]

- No anisotropy change

Diffusion process:

> -E Z
probability of escape from Galaxy = £(Z) - czr;.iep:sitiow heavier
[Minimum pathlegth - Hall diffuston - above lenee

Turbulent diffusion ete.]

- Awisotropg ocED

cannonball Model:

probability of escape from Galaxy = {(Z)
[Minimum pathlegth - Hall diffusion -
Turbulent diffusion ete.]

¢
knee

Interaction with bekg particles:
[Photo-disintegration - interaction with
v in galactic halo ete.]

Change in particle interaction:
[aravitons, SUSY ete.]

D).R.Hoerandel, Astrop.Phys.21 (2004) 241 updated]
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o L ‘.".»;.,..... 3-9
EI Tee.  mw
- - g ’
Cutoff in the acceleration process: g" b
2 CNO
ﬁs X B X T ‘/tS? - |n|t|a| Speed L::;a:’i Bell'ezlhklo a]nr:ileenofomov N
/ ] 10° 10° 7 10°
Energy E, [GeV]
nuclear _ ) 3 !“ ]
charge V/c magnetic ~ free expansion St treee,, 30
_ H e, 0-22
field time B sl L 2500
E T X 0"( - _»o.
gw"’_ "
’ ’ ’, ’ ’, ’, % P
Differencies due to variations of the diffusive 5 Ho
SVIDG‘Q UlGGCLEVatLDVb 12'; S Kobayakawamal .
.l SNR Berezhko & Ksenofontov o0 W W .
.. W SNR + radio galaxies stanev T el )
n obLique shocks Kobayakawa . 00
5107 e .

. in variety of SNR Sveshnikova A . . =
stg le source model erlykin & wolfendale w 43 =\
Reace. in galactic wind — vilk & Zirakashvili £°°F o ™\

E oNo 8
Fe
Sveshnikova
It Al ! ll L“l
10° 10° 10° 10’ 10° 10°
Energy E, [GeV]
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Kwnee caused by the leakage of
particles from the Galaxy

Minimum pathlength model swordy
Anomalous diffusion model Lagutin ..

Differencies due to drift in the magwnetic
field of Galaxy

...Hall diffuston model Ptuskin
...Diffuston tn turbulent m.f.  Ogio & Kakimoto
...Diffuston and drift Roulet

A.Castellina

3rd School of Cosmic Rays and Astropriyswes
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A moving CB scatters particles
to (e.g. for y>1000)

Mt. Fuji *  Tibet-BD (HD) A KASCADE QGSJET
+ Tibet-ASy (HD)

a
>
[}
o + HEGRA ® KASCADE SH
‘» < Mt Chacaltaya | W EAS-TOP
ek,wee o A (2.—4) 10%*° eV " EAS-TOP SH
DEPP-
ENTE o ams
9 E * ATIC
WP r « BESS
. | ¢ CAPRICE9s
s & HEAT O RUNJOB
102 ¢ lchimura ® RICHHI
S EV IMAX % Ryan
° E [ JACEE < Smith
3 L+ MAsS \ SOKOL
(TR L +  Papini @ Zatsepin
, , , , L JJllllll 1 llll]lll Il llllll]l 11 Illlll 1 llllllll
Two relativistie gjecta of plasma 102 10° 10* 10° 10° 107 10°

Energy E, [GeV]

matter, the cannonballs, are
emitted Ln SN and generate
GRBs and CRs [Pe Rujula, par]

I
O

M. Fuji * TibetBD (HD) A KASCADE QGSJET

] <>I Illllll
=

q,
[0
15}
E0CE
They account for CrRs at all R m
) W [ 5 CAPRICE9S s
energles %0102 L 3 Eﬁiﬁua ©  RICHI N\
, ’ 2 E vV IMAX O RUNJOB
The kwnee Ls due to elastie g’ 5 :_ msss & :g::(:c.) ]
magwetio sca’cteriwg bt Paph # Webber 1)
1 1 Illllll 1 llllllll 11 lllllll 1 | Illllll 1 1 IlIlllI 1 | |||l|l| 1 ]Jhlll
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:*«; E 1
3 S e, Tkaczyk 2
- 5 Sre., 3-9
=k e, 10-22
0% t. 23-92
e F o, o .,
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Kwnee caused by the interaction of $i0tk oo -,
’, ’ 2 He
cosmLe rays with background 5 F ono
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EK’W“ A Dova et al.

1-2 - 1-8 --- sy

dwidE, €, m”sr's " Gev']

’ ’ , s ’ 3-92 e 8.-92 ---- -"". o ~d
Diffuston model + photo-disintegration 102 e T
(on field of soft y around sources)  Tkaczyk s '° Energy E, [GeV]
(nteraction with neutrinos Dova : .

’, ’ g r‘"‘“agae ) Candia

tn galactie halo - “E8Rgo,,

w
Photo-disintegration candia 107 :
(ow optical anad v photons) E kT [eV] ‘
- 1.8 10
L{ 5 pel 5107
wio [eViem?] 1 10%°
g
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o
X

the primary CRrR energy is
unoerestimated

o
n

Kazanas et al. (general)
Kazanas et al. (gravitons)

Kwnee is a threshold effect
€ o A

Kwnee

0° 10 10°  10°
Energy E, [GeV]

Flux d/dE, - E,"“[m”sr's ' GeV'”]

New ph 351,03 L atmosphere Kazawas,Nicolaidis
(suq:ersg mme’crg)

Starting from tnitial galactic and

extragalactic components, gravitons are produced.
Free parameters ave

the fundamental scale of gravity Mg~g Tev

the dimensions (4+9), & ~4
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The “sStandard Model”

of qalactic Cosmi

The source population of GCRs is very
stmilar to solar system composition

+ 20% addition from Wolf-Rayet stars
(in superbubbles)

% These particles were accelerated recently (~10-20 My) from a source
population of ISM and dust [SN feed the ISM with products of
nucleosynthests]

g’v’} Refractory elements are clustered in grains and accelerated wmore efficiently

DSA at SN driven shocks produces power law energy spectra « &7,
with a>2 up to some maximum energy < 3 10*° Z, eV

Taking bnto account propagation with a diffuston coeff. * 87> the
observed spectra can be reproduced x €27

% The knee feature of the GCR spectrum Ls modeled either relating it to
acceleration and/or propagation processes or invoking new physics
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