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Magnetic reconnection is a fundamental feature of astrophysical and laboratory
plasmas, which creates a sudden release of magnetic energy, occurs in solar
flares, Earth’s magnetosphere, gamma ray bursts, and laboratory-produced
fusion plasma et al.

Many Fundamental Reconnection Problems are still open...

* How is reconnection rate determined? (The rate problem)

« How does reconnection take place in 3D? (The 3D problem)

* How does reconnection start? (The onset problem)

* How are particles energized? (The energy problem)

* How do boundary conditions affect reconnection process? (The boundary condition problem)

« How does reconnection take place in relativistic and strongly magnetized plasmas? (The relativity problem)
« How to apply local reconnection physics to a large system? (The scaling problem)




Plasma Beta

The beta of a plasma, symbolized by (B, is the ratio

of the plasma pressure to the magnetic pressure.

ﬁ:BZ_L = 4.03 x 10740 TB2
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Location  Plasma Size (m) T, (eV) n, (m™) By (Tesla) S A Notes B
Lab MRX"® 0.8 10 1x10" 0.1 3%x10°  1.5x10° e=1/4,T,=T./2, Bx=0.3B; 4.03%10°
VTE'" 0.4 25 15 % 10" 0.044 3x 102 4x10° e=1/4,T;=5eV,Ar* 7.806%10°
Laser plasma’® 2% 107 10° 5x10% 100 2x 10" 1x10"  Al*Y Bp=Br 2.015
MsST”? 1.0 13x10°  9x10" 0.5 3x10° 62x10" T;=350eV,D",Br=0.05B; 1. 88604%10°
TFTR™® 0.9 13x10*  1x10% 5.6 1x10° 23x10> T;=36keV,D*,Br=0.01Br : S
ITER” 4 2%10°  1x10% 53 6x10° 5x10° D, ,Br=001By 1. 6706%10
NGRX* 1.6 25 1x10" 0.5 1x10°  1x10° e=1/4,T;=T./2,Bg=0.3Br 2. 86935%10
Solar  Magnetopause® 6x107 300 1107 5x10%  6x10°  9x10°  Be=Br(p.267) 4.03%10"
system Magnetotail®' 6 x 10° 600 3x10° 2x10°  4x10° 13x10° Br=B;T;=42keV (p.233) 4.836%10"
Solar wind®' 2% 10" 10 7% 10° 7x10°7  3x10%  2x10°  (p.92) 1. 8135%10"
Solar corona®’ . 1x 10: 200 1x 10:: 2x 1(rf 1% 10': 4 x 10: (p.79) . . 5. 757143%10"
Solar chromosphere®~ 1 x10 05 1x10 2x 107~ 1x 10 3x10 Neutral particle effects are weak™~ o
Solar tachocline®* 1x107 200 1x10% 1 1x10°  5x10° 2.015%10
] N 5.0375%10°
Galaxy Protostellar disks® 9 % 10° 3 %1072 6 x 10% 2x 107 8x 10° 1x10° L=2h(R =1AU), e-n collisions 5
included *2 Mg * 8.06%10
X-ray binary disks®®#7 4 x10* 75 1 %107 36 3x107  9x10° M= 10M,,L=2hR=10°Ry), 1.8135%10°
a=1072,M = 10'5g/s
X-ray binary disk coronae®® 3 x10*  5x10° 1 x10% 1x 10* 110"  9x10"  M=10Mo, R=Rs,Ti=(mp/m)T., 2. 3323*12
Mcompron included (Ref. 88) 2.015%10
Crab nebula flares®~" 1x 10" 130 10° 107 5x10%  2x10"  Pair plasma, T from Bg*/2p =2nT 5.239%10°
Gamma ray bursts”? 10* 3x10° 2 x10% 4x10° 6x10"7  2x10'  Pairplasma 1.51125%10°
Magnetar flares *>% 10* 5x10° 10 2x 10" 6x10'"® 5x10'7  Pair plasma, SGR 1806-20 ) )
Sgr A* flares™* 2x 10" 7x10° 107 107 2x10*  5x10° L=2R=20R 5.0375*10
Molecular clouds®*? 3% 10" 107 10° 2x107  1x10"  7x10"  Neutral particle effects included,* 2.821%10
. 9697 19 ] 10 20 14 Heo™ . . 1.0075%10"
Interstellar media 5x10 1 10 5x 107 2x 10 1x10 L =magnetic field scale height 1. 612%10"
Extra- AGN disks®®-#7-9% 2% 10" 24 8 x 10% 0.5 2% 10" 1x10® M= 10”*»{ 5 L =’2h(R =10%Ry), 3. 09504%10
galactic a=107M = 10°g/s ‘
AGN disk coronae®™ 310" 5x10°  1x107 4 102 3x10'" M= 10*Ma, R=Rs, T;= (m,/m,)T,, 1. 259375%10°
Ncompron included (Ref. 88) 1.612%10™"
Radio lobes®® 3%10° 100 1 5x 1070 2x10%  8x10% 1. 209%10°
Extragalactic jets” 3% 10" 10 3% 10" 107 6x10% 1x10"™ 3C303 7 )
Galaxy clusters'® 6x10"®  5x10° 4 %10 2x10°  2x10®  6x10"  A1835 2.015%10

Ji, etal., 2011



Plasma beta 1n the solar atmos.

the plasma B value changes with height in the solar
atmosphere. As one can see a region with B < 1 is
sandwiched between the photosphere and the upper
corona, where B is about unity or larger.
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Schematic illustration of magnetic
reconnections that occur at various altitudes
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Magnhetic reconnection 1in Earth’s
magnetoshpere

Magnetic Reconnection
The field breaks on Earth’s ...and reconnects

aay-siae-spon contact = 3
with solar pind... night side.

Phase 1 orbit Phase 2 orbit

Magnetic reconnection occurs in two primary
locations in Earth's magnetosphere in response
to driving from solar wind, where B is about
unity or smaller.

 Dayside magnetopause: solar wind plasma reconnecting with
magnetospheric plasma

* Nightside Magnetotail: in response to magnetic energy building
up in lobes due to solar wind driving
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Why low beta MR in laser Plasma
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ne=1-10 x1 019 cm3, Te~1keV, B~108 G




SUMMARY FOR MAGNETIC FIELDS IN LASER PLASMAS

Long pulse Short pulse Coil target
lasers Iasers
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-MAGNETIC FIELDS WITH A COIL TARGET

Non-thermal hot Electric potential Current driven in wire
electron generation difference developed

electron

Plasma
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Courtesy Fujioka
Movement of non-thermal hot electrons between the disks drives electric current in the wire.

1 kT B-field from the coil
was obtained with the laser-driven capacitor-coil target

H. Daido et al., PRL (1985), C. Courtois et al., JAP (2005). S. Fujioka et al., Sci. Rep. (2013).



Low beta MR experiment with
Capacity target

P T T T

a Helmholtz like capacitor-coil target is used to
obtain an Uniform B field
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Magnetic Field Map



Low beta MR experiment with Capacity target
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Optimized MR experiment with Capacity
target

P 9. &

400 um 600 um 800 um

we optimized the
plasma for the
Helmholtz target by
changing the
distance of two
coils, and delay of
probing beam

600 um 600 um



Magnetic field measurement

With B-dot B-fieldis around 50 T
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Typical magnetic probe signals measured by the two
differential induction coils of the B-dot which is response to
a time-varying magnetic field (dB/dt).




With Optical Faraday rotation @]
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Magnetic field measurement
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Density measurement

Density is around few10'8 cm-
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An interferogram taken at 3 ns after laser irradiation; (b) distribution of

the electron density outside the coils.

Pei et al., (2016), Yuan et al.,(2017)
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(a) and (b) Shadow images taken from two orthogonal directions at a delay of 10
ns;(c) self-emission image taken at a delay of 10 ns.

we estimate the plasma beta value near the coil as
B=pe/(B?/2 uo)=nek Te/( B°/2 o), where the electron density is ne=10*m3,
the Boltzmann constant is k=1.38x1023J/K, and generally the electron
temperature from the coils is <100eV. Even if we choose an electron
temperature of Te=100eV=1.16x10°K and a B-field of 50 T, the estimated
plasma beta value is ~0.016, and

it will be even smaller at a lower electron temperature.




) - SUMMARY

1.

Low beta magnetic reconnection experiments are successfully
realized with a Helmholtz coil target both in SGIl, Gekko and
Xinguang laser facilities

For laser driven a Helmholtz coil target, the magnetic field between
the coils is not uniform due to the magnetic reconnection.
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The present low beta device is much smaller, and the global
plasma evolution can be observed more easier, which can also be
applied to study particle acceleration and simulate the
magnetosphere plasma



