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SCIENCE TOPICS

» Origin of Cosmic rays
» “Particle acceleration and propagation
. » Underling plasma processes
» Ultra high energy cosmic rays: GRBs, AGNs, etc

» Neutrino Physics




+ SCIENTIFIC HIGHLIGHTS FROM"
EXISTING GROUP MEMBERS:

~* Reacceleration of electrons in supernova remnants (led
by M. Ponhl) :

. Cosmic-ray anisotropy ex nihilo (led by M. Pohl)

* Neutrino emission from GRBs (led by W. Winter)




Reacceleration of electrons in
SNRs % )

Immediate downstream Reacce|erati0n

can happen virtually
everywhere
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is usually slow, but can be
effe_ctlve In some
environments, e.g., SNRs

radio spectral index

Natural explanation of soft
radio spectra




Cosmic-ray énisotropy

Aniso%roéy

Anisotropy 1s created ex nihilo,
target sphere :': no initial dipOle iS needed

Complicated patterns that do

trajectory of the successful particle
'\ injection sphere

not strongly depend on A, . /
A

max
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Se. /outer boundary

Lattle, if any, correlation with
magnetic field orientation
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%. Multiple zone model for GRBs [l
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* The different messengers

originate from different regimes
i of the GRB

0 plasma shells propagate at different speeds

* Interesting implications for
gamma ray-neutrino connection
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Some new perspectives:| bring
~In

. Particle Scattering in tested model of turbulence.

. Cross field transport in turbulence

. Turbulent reconnection model of Y ray burst
(GRBs)

. CR transport in partially ionized media




CosMIC RAYS AND
TURBULENCE

~ Extended Big Power Law
— 1 particelm ) K of turbulence

71 influence R\ ) i
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H-alpha (WHAM)

CRs

Knee
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DM fluctuations
N "‘/ (sclid lines) 7

ISM velocity
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df/dt in
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Importance I Cdsmic Ray (CR)
Propagation

V.1

NASA’s Fermi telescope reveals best-ever view of the gamma-ray sky

Y ray emission.

Credit: NASA/DOE/Fermi/LAT Collaboration -

— Particle trajectory
Magnetic field

MB synchretron
foreground _ _ o
G Diffuse Galactic 511 keV radiation




Importance of wave-particle
interaction: Fermi II .

Stochastic
Acceleration:

agnetic -
73 a5 O Gamma ray burst

Ferm\li (49)

Solar Flare




| Importance to Fermi I acceleration

e Shock Acceleration * Reconnec.tlon
Acceleration

Turbulent model

Lazarian & Vishniac 99
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%' Some new perspectives | |

-bring in

a. Particle Scattering‘in tested model of turbulence




Tested model of MHD. turbulence

Alfven and slow fast modes
modes (GS95)
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Major Implication: CR Transport .
varies from place to place!

Confinement of CRs in different phases of ISM

Yan & Lazarian (2008)

Observational support on
nonuniform propagation of
CRs (AMS 2010; Fermi-LAT
2011,2012; PAMELA 2011):

10 10°
Kinetic enerqy E (GeV




0.4 '
Evoli & Yan 2014 INIONe XV o[[=lo

0.3 J@® . Cosmic ray spectrum;

o Secondary elements;
o 02 Low energy positron
excess; Anisotropic
0.1} distribution: Diffuse Y
ray emission

0.0 ! ! .
1 0 1 3 Positron excess and dark

Log Kinetic Energy [GeV/n] matter: an illusion from
current CR propagation
modeling?

1 GeV peak of B/C ratio can be
produced without introducing the
reacceleration!




B) CROSS FIELD TRANSPORT

Jpll—> ¢




% Cross field ‘transport is not
small!

“rnin
~

n turbulence, particles’ trajectory

pecome independent when field
iInes are separated by the ¢
smallest eddy size, Imin. 4 J

Particles
Magnetic field




Cross field transport is normal
diffusion on large scales*

Numerical simulation:

Theoretical prediction:




% -SUPERDIFFUSION (SD) ON
SMALL SCALES.

® Theoretical prediction

® Numerical result




% Imghcatioﬁ: shock acceleration is |
ependent of B field dire¢tion

Lazarian & Yan (2014)

To be further studied:

Shock Acceleration in the
presence of super-diffusion.




;%g CICMART MODEL FOR GAMMA [l

RAY BURST

5 I | N
| — Jor - = R (A
7 —t—H—— >

(a) Initial collisions only distort magnetic fields
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slow variability component fast variability component
related to central engine related to turbulence

Zhang & Yan (2011)

Internal collision induced turbulence reconnection model provides a

natural explanation for highly magnetized GRBs (~ 50 citations in 9 months)

Note: we first proposed this idea in Lazarian et al. (2003).




D) PROPAGATION IN PARTIALLY
IONIZED MEDIUM *

CR’s mean free path in MC

dam,s Edam,f

To be studied:

" Y ray emission from
molecular clouds

®  |onization in clouds
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MHD turbulence is a key player for particle transport and
acceleration.

Compressible fast modes dominates CR transport through direct
scattering. CR transport therefore varies from place to place.

CR perpendicular transport is diffusive in large scale turbulence
and superdiffusive (SDfon small scales.

Some future perspectived:
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Existing codes (GalProp, Dragon, etc) are to be modified to
account for these new understandings.

In the presence of turbulence, shock acceleration 1s insensitive to
B field direction. The acceleration with SD is to be studied.

Reconnection Acceleration in relativistic turbulence 1s important

channel for ultrahigh energy CRs and will be studied.

CR transport and gamma rav emission from molecular clouds.



