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COSMIC rays
specirum

» cosmic rays produced in the Galaxy
below 108-10° GeV

» spectral features from acceleration
mechanisms & propagation effects

» source distribution in Galaxy and
our neighborhood

» magnetic field configurations in
local interstellar medium

» COSMIC ray anisotropy

Gaisser, Stanev, Tilav, 2013 - arXiv:1303.3565
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charge (i.e. composition)
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COSMIC rays
aNIsotropy
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cOosSMmIC ray anisotropy
structural complexity

Tibet-ll (global fit) Amenomori et al. (2006)
, N - ﬂ'l- / o I
» significant small angular scale T -
\ | t ; t t 1 scension (de
features ~10x smaller amplitude over eeie sy
global anisotropy Milagro (direct integration) Abdo et al. (2008)
+ HAWC e .
ICRC 2013 Z 2 mir aw  Qhe N 0 £

» the tail-in excess region composed
of smaller structures above TeV energy

statistical significance

» observation of spectral anomalies

assoclated 1o localized excess regions ARGO-YBJ (time scrambling) vemeto et al. (2009
(Milagro, ARGO-YBJ) 456051 sy uppaetal. (2011)
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COSMIC ray anisotropy large scale

relative intensity equatorial coordinates

lceCube-59

Abbasi et al., Apd, 718, L194, 2010
Abbasi et al., Apd, 746, 33, 2012
Aartsen et al., Apd, 765, 55, 2013
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COSMIC ray anisotropy large scale
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COSMIC ray anisotropy large scale
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COSMIC ray anisotropy large scale

9
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COSMIC ray anisotropy large scale

Tibet ASy Amenomori et al., ApJ. 626, L29, 2005
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1 PeV

dipole amplitude [%]
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=

COSMIC ray anisotropy large scale

Tibet ASy Amenomori et al., ApJ. 626, L29, 2005

- |ceCube-22 Abbasi et al., ApJ, 718, L194, 2010

"""""""""""""""" IceCube-59 Abbasi et al., Apd, 746, 33, 2012

- dipole " .
- component - EAS-TOP Adlietta et al.. And. 692. L130. 2009

| gaussian fit “lceTop Aartsen et al., arXiv:1210.5278
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cosMicC ray anisotropy large scale — smal scale
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COSMIC ray propagation
Nnterstelar medium

LM (AU)
[T T

IIIIII|

200 ETeV

: 2l
» gyro-radius Ry ~ [AU] 10°F
7 Buc :
10 = S
EECR\
' 1 \"\ T L] I
» mean free path in ISM 1 10 7
° —halo| | '
- wi Yan & Lazarian 2008
. » non-diffusive effects < mean free path
—_ 6_
K3
¥ for random realization of B field
L I H
1201 162 163 164 s 0.940.960.98 1 1.021.041.061.08
E, (GeV) Giacinti & Sigl 2011, arXiv:1111.2536
Biermann+, 2012
Ahlers, 2013
13

Paolo Desiati

Thursday, November 7, 2013



COSMIC ray propagation
hellosphere

» heliosphere as a 500-700 AU perturbation
of the Local Interstellar Magnetic Field

» long tail down stream IS flow

Pogorelov+ 2011
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» resonate with O(10) TeV CR
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heliospheric perturbations
nellopause Instabllities

¢ Rayleigh-Taylor instabilities driven and
mediated by interstellar neutral atoms

T = 380.5 years

— bow shock

1 Liewer+ 1996
1 Zank+ 1996
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e plasma-fluid instabilities at the flank of HP
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COSIMm
Nelos

IC ray anisotropy
ohere

Funsten et al. (2009)

Schwadron et al. (2009)
Heerikhuisen et al. (2010)
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PD & I_Oazarian 2013, arXiv:1111.3075
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cosmic ray anisotropy
nellosphere

PD & I_Oazarian 2013, arXiv:1111.3075

+90

relative
deficit

relative
excess
equator
heliotail
ecliptic
....................................................................... | uator 0998 099 1000 1001 100
.. . . magnetic
----------- equatorial coordinates eqfator
north

south

>100 TeV @ large distance, O(7000) AU

“., magnetic
equator

High Energy

3 -2 -1 0 1 2 3
Relative intensity [ x107°]

18
Paolo Desiati

Thursday, November 7, 2013



scattering at heliospheric boundary
neuristic model

» resonant scattering to re-direct CR distribution PD & Lazarian 2013, arxXiv:1111.3075

» back-scattering @ flanks back from downstream

0.998 0999 1.000 1001 1.002

Milagro + IceCube TeV Cosmic Ray Data (10° Smoothing)

» global anisotropy with large edge gradients

» particle trajectory integration in heliospheric model

significance
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scattering on heliospheric boundary
toy mode

PD & Lazarian, Apd, 762, 44, 2013
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cosmic ray anisotropy
spectral hardening

» relatively harder than average spectrum
observed toward the heliotall

. Milagro observation Abdo+ 2008
10 | | | | | | |

ARGO-YBJ observation Di Sciascio+ 2013
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CcOSMmIC ray anisotropy
stochastic magnetic reconnection in the neliotall

VRV
- S
A
Va
—>
B
—_— - —
VrA

turbulent reconnection Lazarian & Vishniac 1999

18t order Fermi acceleration de Gouveia dal Pino & Lazarian 2003, 2005 //

N(E)dE ~ E75/%dFE

Nerney & Suess 1995

B L
E... ~05(——— one ) el 0.5 — 6TeV
(1MG) <1OOAU) ¢ ¢

Lazarian, PD 2010 - PD, Lazarian 2012
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conclusions

e heliospheric perturbations could explain TeV CR anisotropy: no effect above 100 TeV

e scattering with perturbation on heliopause

Lazarian & PD, 2010
PD & Lazarian, 2012

e re-acceleration mechanism from heliotail

» heliospheric modeling extended along heliotail with fine resolution: turbulence & global
structure. Particle trajectory integration studies with heliospheric model — predictive

» observations in wider energy range, in correlation with CR mass and spectral structures

» probe short/long time variabilities related to heliosphere still exist in the TeV range
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low energy cosmic ray anisotropy
in arrival direction

Nagashima et al., J. Geophys. Res., Vol 103, No. A8, Pag. 17,429 (1998)
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cosmic ray anisotropy large scale
energy dependency

1=

- dipole
- component

[ gaussian fit -

| |

IceCube-59 Abbasi et al., Apd, 746,33, 2012
'EAS-TOP Aglietta et al., ApJ, 692, L130, 2009
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ARGO-YBJ 32" |CRC Beiina China.2011
Aartsen et al., arXiv:1210.
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cosmic ray anisotropy
angular scale structure
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cosmic ray anisotropy small scale
lceCube x2/ndf = 14743.4 / 14187

Pr(x2Indf) = 0.05%

relative intensity raw map
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origin of spectral hardening “

Lazarian & PD, Apd, 722, 188, 2010

» magnetic polarity reversals due to the 22-year
solar cycles produces large scale sectors

» converging of turbulent magnetic field lines
can trigger reconnection and make it fast

N

“\\“ atl
P

on s/,
3

(Strongly
mixed polarity)

» magnetic mirror @ single reconnection as site
of acceleration (test particle)

L,
& =
Sweet (1959) & Parker (1957) A
I/Suteet Parker modeN

Lazarian & Vishniac, ApJ, 517, 700 (1999) <1A G

4 Turbulent model

jal et E 33
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stochastic magnetic reconnection

Lazarian & PD, Apd, 722, 188, 2010

» magnetic polarity reversals due to the 22-year
solar cycles produces large scale sectors

500

Z, AU

» converging of turbulent magnetic field lines
can trigger reconnection and make it fast

-500

» magnetic mirror @ single reconnection as site
of acceleration (test particle)

» 18t order Fermi acceleration

N(E)dE ~ E5/%dE

34
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N(E)dE ~ E~%2JE

Paolo Desiati
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stochastic magnetic reconnection

Kowal et al., Apd 735, 102 (2011)
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stochastic magnetic reconnection

» 2"d order Fermi acceleration is dominant in purely turbulent plasmas

with no converging magnetic flow
Kowal et al., PRL 2012

» if converging flow occurs 18t order Fermi acceleration is the most
important

B L
Emajw % 0-5 - zone T V % 0-5 - 6T V
( ) (100 AU) c c

» cosSmic rays re-accelerated as long as trapped in large scale
reconnection regions
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spectral feature associated to anisotropy

Abdo AA. et al., Phys. Rev. Lett., 101, 221101 (2008)
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cosmic ray anisotropy
astrophysical origin ?

Dorman+ 1985

e stochastic effect of recent nearby CR sources Eﬁ;ﬂﬂg A 1997 5001, 5006
Sveshnikova+ 2013
Blasi & Amato 2011, 2012

» influences spectrum and global arrival direction Pohl & Eichler 2012
. . . . Salvati & Sacco 2008
» diffusive scenarios to explain observed features Drury & Aharonian 2008
Salvati 2010
: : Battaner+ 2009
e propagation effects in turbulent ISMF Valkovs 2010

e breakdown of diffusion regime via scattering with ISMF turbulence  Giacinti & Sigl 2011

» diffusion cannot explain the observed non-dipolar topology & small angular scales

» limitations on single power-law assumption and spacial dependency of diffusion coeft.
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scattering on heliospheric boundary

toy model

PD & Lazarian, Apd, 762, 44, 2013

5 RH+dRH 2nr o0 dz
Ny = ncr Ps R dr/ dl/

= ncr Py R% dRy,
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scattering at heliospheric boundary

Neurnstic model

relative
deficit

relative
excess
equator
heliotail
ecliptic
equator
magnetic
equator

e IceCube-59 Abbasi et al., ApJ, 746, 33, 2012
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'5' " gaussian fit " lceTop Aartsen et al., arXiv:1210.5278
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