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Recent data: knee — ankle
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rigidity dependent knee: E, .. ~Z x 2.10'° eV

M. Lemoine

900

850

Mean Xmax (g/cmz)
~J o0
3 S

]
S
=

650

600

- *It 2 l.“
W .

HiRes Fly's Eye Abbasi et al. 04

0 SIBYLL 2.1, Corsika 6.010

o QGSJet01, Corsika 6.005/6.010
v

*

HiRes Data
HiRes Prototype

3| (Fe)

| | | | | |

| | |
17 175 18 185 19 195 20
log(E/eV)

change of chemical composition:

iron — 10"7-5 eV (~ second knee!)
proton 107> eV — ...?
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Berezinsky & Grigoreva 88

A new interpretation for the ankle... :ccincyeia 2,05 04 05 .

a population of sources at cosmological distances
+
proton pair production on CMB: p + yoyg — P + €*e”

Y

dip in the spectrum at E ~ 10'% eV ~ ankle!

ankle = pair production dip = GZK cut-off !

J(E)Eg,m'zs'1sr'1eV2
=
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... but transition from Galactic — extra-Galactic CRs? . i
A 2

low-energy cut-off — transition between Galactic and extra-Galactic CRs at second knee !
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however: requires fine-tuning !? | ... physical meaning of low-energy cut-off ?
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A natural solution : extra-Galactic magnetic fields Py

M. L., PRD71:083007 (2005); Aloisio & Berezinsky 05

@ A natural and economical interpretation for high E cut-off of Galactic CRs:

knee = maximal energy at source =- high E cut-off at Fe knee

@ A new interpretation for low E cut-off of extra-Galactic CRs:

extra-Galactic magnetic fields shield detector from extra-Galactic CRs at E < 108 eV
o length traveled by diffusing on B inhomogeneities in a Hubble time:

L ~ (Ag ¢/Hg)'2 ~ 65 Mpc (Agy/ 1 Mpc)'/2 [Agi(E,B,...): scattering length]

o if closest source distance 2 L = sources outside CR horizon ;
then, since A4 growing function of E = low-energy cut-off
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R2 E \?2 Bloor 2
Note 1: for R leon, Adif ~ —% ~ 0.1M o
° SR e PR e pc<1017ev) (O.lnG.Mpc1/2>

o Note 2: expected source distance scale ~ 50-100 Mpc Yoshiguchi et al. 03; Blasi & De Marco 04;
Kachelriess & Semikoz 05
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A natural solution : extra-Galactic magnetic fields
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two free parameters:
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o Note: B2 ~ 0.3 nG.Mpc'? « observational upper limit ~ 10 nG.Mpc'’?

o Note: this scenario not applicable to y-ray bursts sources: closest source € Milky Way
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Other models for the transition at the second knee Ve

@ modulation of cosmic-ray flux: Muraishi et al. 05

strong Galactic magnetic field in halo forbids entry to extra-Galactic CRs below:

Ernin ~ Zx 6-10™ eV (Byg Riookpe Vaookmss / M1oo)  (t00 low ?1)

@ cut-off at source: Berezinsky et al. 02 e
| upper SFR fz=746(70.3) for E_, =1 GeV(100 TeV) T
. . =2.2 E =102V  ERle—101707%eV y2=1.03
source magnetic field ? M.L. 05 s " o
... requires B ~ uG on L ~ 100 kpc : A ]
@ strong evolution of source luminosity: L o 1

Wick et al. 04
De Marco & Stanev 05

J*E3

Lsource ¢ (142)™, with m ~ 3-4

« harder » spectrums ~ 2.2 - 2.4 b poosted SFR

note: this exceeds strong upper boundon [ 77 | n.?rmal.SF.. | -.%

CosmiC SFR from SN V baCkground 1016 10 1018 5 oV 1010 1020 102t
(Strigari et al. 05)
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Relativistic shock acceleration and spectral index s St

104 accelerated + escaped
population

A l r,=100 |
Pretum =~ 0.4 } — CWJ slope s ~ 2.2-2.3 ﬂ i
J | | 'II ' g

@ Fermil acceleration in relativistic shocks:

(Pir1/Pi)cycte i =2 2
Bednarz & Ostrowski 98
Kirk et al. 00
Achterberg et al. 01
M. L. & Pelletier 03
Keshet & Waxman 04
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| M. L. &Pelletier 03 |

assumes isotropic scattering !
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but: {coherent B field = anisotropic scattering €/
—— | shock compression = anisotropic turbulence | o
0 M. L. & Revenu 05 |
@ Acceleration including compression effects: & 20l :
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J_’up ©» = i
N [ ]
o = Byown ~ transverse **[ ]
BJ_ - - o @) @)
T_, S pure Kolmogorov: | =22 o _ _ )
B 2 57 ([ 1 : isotropic turbulence -
|| g s ~ 2.7 (I'gp>1) -0 |
: 2.0 . . A RS | . . e
down Qerecrtcaniannsancansen » up l 10 F 100

Ten shock
o

M. Lemoine TeV Particle Astrophysics = 13 $ duly 2005 = FermiLab = 10/11



Conclusions ... ke

@ Emergence of extra-Galactic CRs at second knee ~ 108 eV ?
. o~ 26 ... sources at cosmological distances ? q
5 h - ... ankle ~ pair production on CMB ?
3 o B : _ : "
g o0 os5 @ Extra-Galactic magnetic fields responsible for the transition ?
= € || ...implications: - Auger/HiRes: charged particle astronomy
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