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Nonlinear Physics of Magnetic Turbulence,
Shock Formation, and Particle Acceleration
via Weibel Instability in Laser Astrophysics

—Theory, PIC Simulation and Laser
Experiment

Topic: Nonlinear Physics of Magnetic Turbulence, Shock Formation, and Particle Acceleration via Weibel
Instability in Laser Astrophysics—Theory, PIC Simulation and Laser Experiment

Time: 15:00-17:00, Tuesday, June 14, 2022

Venue: 1IF Auditorium, Institute of Physics, Academia Sinica

Speaker: Chair Prof. Hideaki Takabe (Leung Center for Cosmology and Particle Astrophysics, National
Taiwan University)

Host: Dr. Di-Lun Yang (Institute of Physics, Academia Sinica)

Website: https://www.phys.sinica.edu.tw/lecture_detail.php?id=2596&eng=T

Abstract:

It has been well recognized that electromagnetic

R\ COLLOQUIUM L

3 SN
collisionless shocks are ubiquitous in Universe and such ;'.; B EE 2022
oo

high-Mach shocks are the engine for accelerating 9

]un. 14 @ 15000

cosmic-rays. Prof. Hideaki Takabe’s research group have

1F Auditorium, Institute of Physics

studied Weibel-mediated collisionless shocks IR R
Dr. =&y
theoretically and computationally. At the first step, they Hi dez;;Tﬁflﬂ(?lfz
Chair Professor,

investigated a possibility whether the shock formation
Leung Center for Cosmology and Particle Astrophysics,

. . . National Taiwan University
can be demonstrated experimentally with intense lasers.

Nonlinear Physics of Magnetic Turbulence,

It has been clarified theoretically that the biggest laser Shock Formation, and Particle Acceleration
. via Weibel Instability in Laser Astrophysics
NIF at LLNL (3. 5 B$, 192 beams laser facility in USA) = Theory, PIC Simulation

. . . and Laser Experiment =
is only the laser possibly generate such shocks in a e

laboratory. An international team called ACSEL was -
(Language: English / B:#iES : 2830 )

formed to promote the experiment.
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At the same time, a nonlinear model equation is proposed to describe the time evolution of such
scenario. Modeling Weibel instability saturation and subsequent current coalescence (magnetic
reconnection) mechanism, it is concluded that the filament spacing increases linearly in time, and the
magnetic energy power (Ik) spectrum is given as Ik~k-2. The time evolution of the turbulence is
characterized with cascade toward small k. The model has been compared with PIC simulation and the

experimental data, consequently claritying the core of physics.

Such inverse-cascade is well-known in 2D hydrodynamic turbulence such as a typhoon or hurricane
formation and known to have Kolmogorov spectrum k-5/3. Although it looks like k-5/3 and k-2 are
almost equal, the physics of inverse-cascades of these two are very different physically as to be shown in
my talk. The collisionless shock formation and subsequent particle acceleration have been also studied in

theory and experiment.

Prof. Hideaki Takabe will talk also about the comparison with PIC simulation and the experiment to
make clear what nonlinear physics is important in such physics in Universe. The result is also applied to

evaluate the strength of magnetic field near the shock front of supernova remnant SN1006.
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REEE, 2022, ACEARUESMES ¢ MBRARER-RAYRERRA T, TRIBES RIIEE ¢ 2022-01-27
Kroeker, K.J. et al.,, 2013. Impacts of ocean acidification on marine organisms: quantifying sensitivities and
interaction with warming. Global Change Biology, 19(6): 1884-1896.

Liu, Y.-W, Eagle, R.A., Aciego, S.M., Gilmore, R.E., Ries, J.B., 2018. A coastal coccolithophore maintains
pH homeostasis and switches carbon sources in response to ocean acidification. Nature Communications,
9(1): 2857.

Liu, Y.-W, Rokitta, S.D., Rost, B., Eagle, R.A,, 2021. Constraints on coccolithophores under ocean
acidification obtained from boron and carbon geochemical approaches. Geochimica et Cosmochimica Acta,
315: 317-332.

Liu, Y.-W, Sutton, JN,, Ries, J.B., Eagle, R.A., 2020. Regulation of calcification site pH is a polyphyletic
but not always governing response to ocean acidification. Science Advances, 6(5): eaax1314.

Ries, J.B., Cohen, A.L., McCorkle, D.C., 2009. Marine calcifiers exhibit mixed responses to CO2-induced
ocean acidification. Geology, 37(12) : 1131-1134.
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AL A3 ¢ https://doi.org/10. 1083/jcb. 202201094

DAPI BAP1 Merge

Parental

TNPO1 KO
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Liquid-liquid phase separaion and liquid-to-gel phase transition control
synaptic distribution of autism-linked proteins

. . Bicucullin
. . Synaptic ;
stlrnulatuon

Presynaptic

L Cal" oy .

eZn?
Ca?* Channe!“, 1Y \ RAW ANPAR

Postsynaptic ‘I‘[N =
CTTNEP,

1
Postsynaptic @

CTTNBP2
Sensitive to 1,6-HD Resistant to 1,6-HD
CTTNBP2 at liquid phase CTTNBP2 at gel phase
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