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1 Vortex Ring Ejection from Shocked Interfaces: Vortex rings abound in high-energy-density
Fjection: Intro physics, including inertial fusion and supernovae, when shock waves accelerate fluid interfaces.

1 These compressible, multifluid rings may share many physics with their incompressible,
single-fluid counterparts.
1 An extended theory describes the formation dynamics of such rings.

HSSLOIE ey 1 Ongoing experiments at the Omega EP laser facility isolate vortex ring formation.

and Simulation
1 Vortex Instability and Circumstellar Clumping: The Crow instability may stimulate the formation
of clumps along the circumstellar gas cloud around Supernova 1987A.
Ejection: - Stability analysis predicts a dominant wavelength consistent with the number of clumps,
Experiments and simulations reproduce key observables.
1 A similar instability mechanism may stimulate clumping in protoplanetary disks.
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The Richtmyer-Meshkov instability describes the growth of perturbations
along shocked interfaces, which can lead to the ejection of vortex rings.
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~ Shock-induced interfacial mixing also occurs in supernovae.
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Inertial fusion uses laser-driven shocks to compress fuel, but interfaces are
unstable and significant jetting can occur.
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Vortex ring ejection from shocked interfaces is extensively observed.

Ejection: Theory
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Ejecftion: Intro
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Vortex ring properties scale with the stroke length of their generator.

Gharib, J. Fluid Mech., 360, 1998
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Vortex ring properties scale with the stroke length of their generator.

Gharib, J. Fluid Mech., 360, 1998
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Analysis of energy, impulse, and circulation explains vortex rings saturation.
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Analysis of energy, impulse, and circulation explains vortex rings saturation.
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@ The analysis is extended to rings ejected from shocked interfaces.

Ejection: Intro Eﬁforlf Slug Flow Norbury Vortex Ring
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Laser-driven shocks can be used to examine vortex ring ejection.
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SN1987A shapes our understanding of stellar evolution.

Ejecftion: Intro

Ejection: Theory
and Simulation

Ejection:
Experiments

Clumping:
Protoplanetary
BINS

Conclusion

Image Credit: Robert Gefdler and Roberto Colomibari, Hubble, JWST.



Fjection: Infro : Polar
Ring

30-40 Clumps

Ejection: Theory
and Simulation

Ejection:
Experiments

Clumping:
Protoplanetary
BINS

Conclusion

* Fransson, Astrophys. J., 806, 2015



Ejecftion: Intro

Ejection: Theory
and Simulation

Ejection:
Experiments

Clumping:
Protoplanetary
BINS

Conclusion

The rings may result from a binary merger preceding the supernova.
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¢ The stability analysis considers perturbations along co-axial vortex rings.
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(-0?— For SN1987A, the dominant wavenumber matches the number of clumps.
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Protoplanetary disks are the leftovers from star formation.
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Summary

1 Vortex Ring Ejection from Shocked Interfaces: Vortex rings abound in high-energy-density
physics, including inerfial fusion and supernovae, when shock waves accelerate fluid interfaces.
1 These compressible, multifluid rings may share many physics with their incompressible,
single-fluid counterparts.
1 An extended theory describes the formation dynamics of such rings.
1 Ongoing experiments at the Omega EP laser facility isolate vortex ring formation.

1 Vortex Instability and Circumstellar Clumping: The Crow instability may stimulate the formation
of clumps along the circumstellar gas cloud around Supernova 1987A.
1 Stability analysis predicts a dominant wavelength consistent with the number of clumps,
and simulations reproduce key observables.
1 A similar instability mechanism may stimulate clumping in protoplanetary disks.
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