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Fig. 1. Experimental setup.
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Table 1.  Characteristic plasma parameters at va-

cuum (0.01 Pa) ambient conditions.

E i 5 HEFMFTRE
SRR — ¢
ARHATEL z 4.5
WAL/ T B 7
FURIHL T2 L /(10 cm ®) n, 3
B /(pmens ) Vio 150
HLTFIRIE /eV T, 20—50
BT eV T; 2050
AL AR / (pmens ) V, 2300
BT/ (pmons ) Vi 15.5
AREMI K /s Rl 0.3
A E MK (pm) A 120
SEROMAE S / (wmens 2) g 5.8
B AR /pum L, 300
SRRk < ) R B (wmms 1) v, 23.1
PREEERS ) / (pmens 1) Vai 2.5
SRR/ (mens ) Vg 25.6
BT e AR /um pi 604
L [l BE A2/ pm Do 1.9
LT [IER % /(1012 rad-s 1) Wee 1.2
B EEEAR /(108 rad s 1) Wei 2.5
I /(100 rad-s 1) Wi 3.6
AR TR/ (108 rad-s 1) w, 6.5
BTER TR /(10" rad-s 1) wy 9.3
WELIHEAE /mm Ry 1

W EAREE /(10" em ) m, 2.4
BT TR /(100 s71) 7 5.1
L - B T RIEAREAR / (10° s71) Veir 2.3
P HBREL/ (107 pm?s ) D, 4.1
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Fig. 2. Structures of diamagnetic cavity and flute instability at 20 ns after laser ablation measured by femtosecond laser optical in-
terferometry: (a) Vacuum ambient at 0.01 Pa; (b)—(1) ambient helium gas with pressure from 10-800 Pa. The left side of dotted line

(the target surface) is invalid data generated by the process of phase unwrapping from interferogram fringes.
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Fig. 3. Enlarged views of the flute instability of Fig. 2(a)—(e).
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Fig. 4. Amplitude and wavelength of instability structure

vs. ambient gas pressure.
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Fig. 5. Diamagnetic cavity size and jet length vs. ambient

gas pressure.
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Fig. 6. Lined integrated electron density at the surface of

the diamagnetic cavity vs. ambient gas pressure.
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Fig. 9. Growth rates calculated at various gas pressure, the
solid lines include both ion-ion and electron-ion collision
effect: (a) Dashed lines include only the ion-ion collision;
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Abstract

Diamagnetic cavity and flute instability generated by plasma expansion in an external magnetic field are
important phenomena in space and fusion physics. We use a nanosecond laser irradiated carbon planar target to
generate plasma, and the plasma expands in a 7 T transverse pulsed magnetic field to produce diamagnetic
cavity. The flute instabilities formed on the surface of the diamagnetic cavity are explored experimentally. Data
analysis shows that, under our experimental parameters, the gyroradius of electron (p.) is much smaller than
the density gradient scale length of the diamagnetic cavity ( Ls ), while the ion’s gyroradius ( pi ) is much larger
than L., indicating that the electrons are magnetized while the ions are not. The relative drift between
electrons and ions provides free energy for developing the flute instability, which is composed of gravity drift
and diamagnetic drift. The calculation shows that the gravity drift velocity is much larger than the diamagnetic
drift velocity in our experiment, so the instability belongs to the large Larmor radius instability. By filling the
target chamber with rarefied helium ambient gas, we find that the flute instabilities are inhibited significantly.
When the ambient gas pressure exceeds 50 Pa (about 1% of the interface plasma density of diamagnetic cavity),
the flute instabilities are almost completely suppressed. Kinetic analyses show that ion-ion collision and
electron-ion collision, especially the former, are the main effects that inhibit the development of instability. Our

results are of benefit to laser fusion and address the fundamental question of explored space phenomena.
Keywords: laser plasma, external magnetic field, diamagnetic cavity, flute instability
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