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Origin of the knee ?

W.D. Apel et al.f Astroparticle Physics 47 (2013) 54-66
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Outline

| — Fit fluxes of individual elements
around the knee

Il — Transition Gal. — Extragal. ?

G. Giacinti et al. Escape Model for Galactic CRs KIT, Sept 22 (2015)



The turbulent Galactic magnetic field

Satisfies : <B(x)> =0 and <B(x)*> = Brm i

S

Power spectrum :  P(k) o< k™° Kolmogorov v = 5/3
Kraichnan o =3/2

for 2m / L'm,u:r E k E 2T / L'm,i;n.

with L <1AU,L__ ~10 pc -100 pc (?)

G. Giacinti et al. Escape Model for Galactic CRs KIT, Sept 22 (2015)



A&A 558, A72 (2013) Astrgngmy
DOL: 10.1051/0004-6361/201322013

© ESO 2013 Astrnphysms

Studying Galactic interstellar turbulence through fluctuations
in synchrotron emission

First LOFAR Galactic foreground detection

M. lacobelli!2, M. I—Iavmkmn“ E. Duu--? R. F. PlZZD‘ J. Anderson”®, R. Em:lc:4 M. R. Bell”, A. Enmﬁ:dc‘:’b
K. Chyzy’, R.-J. Dettmar®, T. A. Enﬂlm G. Heald?, C. Hmu:llmru]U A I-Imncffm W. Jmuuk? H. Junklewitz”,
M Kunivachit TY TY h.-"||11.r=ﬂ|11.r4 [ B pﬂ1ﬂr‘11nn"q' W Roirch? A Qraifall th.r-u" i Qntnnﬁﬂunl-nﬂhlﬂn]—

a vanabron of the rafo of random o ordered Deld as a tunchion of Galachc coordinates, supporting different turbalent regimes.

Conclusions. We present the first LOFAR detection and imaging of the Galactic diffuse synchrotron emission around 160 MHz from the highly
polarized Fan region. The power spectrum of the foreground synchrotron fluctuations is approximately a power law with a slope o = —1.84 up 10
angular mulupoles of <1300, comresponding to an angular scale of ~8 arcmin. We use power spectra fluctuations from LOFAR as well as eardier
GMRT and WSRT observations to constrain the outer scale of turbulence (L...) of the Galactic synchrotron foreground, finding a range of plausible
values of 10—20 pc. Then, we use this information to deduce lower linuts of the ratio of ordered to random magnetic field strength. These are found

"o be 0.3, 0.3, and 0.5 for the LOFAR, WSRT and GMRT fields considered respectively. Both these constraints are in agreement with previous
estimates.
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Perpendicular/Parallel diffusion coeffs.

v~
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Limitations ; Need for individual trajectories

+ Drifts (See also De Marco et al.)

- Diffusion approximation breaks down at high energies
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— NEED FOR INDIVIDUAL CR TRAJECTORIES
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(Recent) Galactic magnetic field model
Regular MF

Jansson & Farrar, Astrophys. J. 757, 14 (2012)

Table 1
Best-fit GMF parameters with 1 — o intervals.

Field Best fit Parameters Description
Disk b =0.1+£18uG field strengths at r =5 kpc
bo =3.0L£ 0.6 4G
by = —0.9 £ 0.8 uG
by = —0.8 £0.3uG
bs = —2.0 £ 0.1 uG
bg = —4.2 £ 0.5 uG
by =0.0L£1.8uG
bg = 2.7+ 1.8 uG inferred from b1, ..., b~
Skpe bring = 0.1+ 0.1 uG ring at 3 kpc < r < 5 kpc
hdisk = 0.40 £ 0.03 kpe  disk/halo transition
waisk = 0.27 £ 0.08 kpe  transition width
Toroidal B, = 1.4+ 0.1uG northern halo
halo B =-114£01uG southern halo
rn = 9.22 £+ 0.08 kpc transition radius, north
rs > 16.7 kpc transition radius, south
@ ® wy, = 0.20 £ 0.12 kpc transition width
,@}1 ‘:ﬁﬂ 20 = 5.3+ 1.6 kpc vertical scale height
-,r’d “iﬁ‘ X halo Bx =46£03uG field strength at origin
4 . 99{ =49+ 1° elev. angle at z = 0,7 > r§
g = 4.84+ 0.2 kpc radius where Ox = 99(
rx = 2.9+ 0.1 kpc exponential scale length
striation ~ =2.924+0.14 striation and /or nere rescaling
E : |
-3 =5 ) 0 1 2 3 - .
G & “ -
>>>>>>: :<<<<<<
—
5 kpe g - X s s I
[ : . s e s gasit. ] '
0 1 2 3 — - . : -
G ~_NGC 891, Krause (2009)

G. Giacinti et al.

Escape Model for Galactic CRs

KIT, Sept 22 (2015)



(Recent) Galactic magnetic field model

Turbulent MF

Jansson & Farrar
Astrophys. J. 761, L11

(2012) N

5 kpc

®=Sun
Table 1
Best-fit parameters of the random field, with 1 — o intervals.
Field Best fit Parameters Description
Disk b1 = 10.81 +£2.33 uG field strengths at » = 5 kpc
component bz = 6.96 & 1.58 uG
b3 =9.59 £ 1.10 uG
by = 6.96 £+ 0.87 uG
bs = 1.96 = 1.32 uG o
bs = 16.34 & 2.53 uC We try IC 1 pC to 10 pPC
by = 37.29 £ 2.39 uG
e T054 139UG  fild strength at 7 < 5 & & Kolmogorov spectrum
int = 7. B9 cld strength at r < pcC [ )
zngk = 0.61 = 0.04 kpc Gaussian scale height of disk p
Halo Bo = 4.68 = 1.39 uG field strength
component rg = 10.97 + 3.80 kpc exponential scale length
zo = 2.84 + 1.30 kpc Gaussian scale height
Striation B =136=+x0.36 striated field BZ | = BB},
G. Giacinti et al. Escape Model for Galactic CRs KIT, Sept 22 (2015)



Knee

n(z) = npexp(—(z/2z1/2)?) with ng = 0.3/cm? at Rz and

Gaz z1/2 = 0.21 kpe
distribution :

n=10"*g/cm’®  Minimum, up to z = +/- 10 kpc

Sources : n(r) o (r/R)" exp[-3.5(r — Ro)/Rs]  D. A. Green, arXiv:1309.3072
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Knee

n(z) = npexp(—(z/2z1/2)?) with ng = 0.3/cm? at Rz and

Gaz z1/2 = 0.21 kpe
distribution : =10

lg/em®  « Minimum, up to z = +/- 10 kpc

Sources : n(r) o (r/R)" exp[-3.5(r — Ro)/Rs]  D. A. Green, arXiv:1309.3072
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Composition - Fluxes
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~ 40% larger
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10 — 30 PeV: Reduced p flux of KASCADE-Grande by 40%,
and added this difference to the He flux
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Composition - Fluxes
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CREAM flux = Sum of its C and O fluxes, using C energy bins for the
binning, and interpolating the O flux to these bins.
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Composition - Fluxes

Mg + Si
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Likely to be due to the difficulty for KASCADE to distinguish
between Si and Fe nuclei => We sum up Mg, Si and Fe fluxes.
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Composition - Fluxes
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Anisotropy

dipole |
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Auger composutlon
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Auger limits on Fe fraction
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Auger limits on Fe fraction
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Galactic / Extragalactic CRs
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Composutlon In(A)
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E2 F(E) [eV/cm?/s/sr]

Extragalactic CR protons

Difference netween KASCADE-Grande protons
ancd our prec JJL tion, ooeying Auger linnit
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Conclusions

 'Escape model' can fit all recent CR data / observables,
notably spectrum of individual elements around the knee

« Can be tested (e.g. Auger anisotropy at 'low' energies)

- Transition to extragal. CRs no later than at a few x 10" eV
Extragal. Protons above a few 10s PeV.

G. Giacinti et al. Escape Model for Galactic CRs KIT, Sept 22 (2015)
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