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Outline
e Examples of partially ionized astrophysical and laboratory plasmas (PIP)
e Fluid models to describe the physics of PIP, non ideal effects
e Tearing instability in PIP: reconnection regimes and onset of fast reconnection
* Application of the model to the solar atmosphere: photosphere and chromosphere
* The case of Protoplanetary disks: reconnection as a potential source of heating and ionization.

e Conclusions, literature and some of the interesting things that unfortunately have not been
covered here...
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o« £ s ¢ 2o , . Following Braginskii 1965 and
Multi-fluid description and all we’ll be sweeping under the carpet... Meier and Shumlak 2012 (MS12)

« Compose the three-fluid electron-ion-neutralmodel, which is a generalization of the two-fluid plasmamodel to include
reacting neutrals: start with taking moments of the Boltzmann equation
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Then you have an energy equation...




"Multicomponent Plasma” description Following Braginskir 1965 and
Meier and Shumlak 2012 (MS12)

With the usual MHD approximations, low frequency regime m, — 0 n, ~ N, Ve =V, =
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Non ideal effects in the induction equation

Wardle 2007
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Magnetic Field-density diagrams for non-ideal coefficients
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/weibel 1989, Pucci et al 2020

Tearing Mode in PIP
9 | | — Electrons are light so they
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Linearizing for small perturbations the neutral equation
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/weibel 1989, Pucci et al 2020
PIP regimes for a thinning current sheet
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Fast reconnection in the three regimes and dependence on system scales
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Application to the solar Atmosphere
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Takeuchi and Shibata 2001
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a ~ 100km could be resolved by DKIST or SOLAR-C (Watanabe 2014; Shimizu et al. 2020; Rimmele et al. 2020)!




Application to astrophysical plasmas PPDs

dead zone

cosmic
non-thermal ionization rays?

of full disk column

I X-rays

resistive quenching
of MRI, suppressed
angular momentum
transport

MRI-active ambipolar diffusion
surface layer dominates

collisional ionization at
T>100K (r<1AU),
MRI turbulent

log(B) (Gauss)

With simplified Thermochemistry Bai 2011

1AU, 0.1um grain

z/H




Ruaud and Gorti 2019, our complete thermochemistry network
R=2.50 AU
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Onset of fast, “efficient” magnetic reconnection and energy conversion.
R=2.5 au
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Reconnection feedback on disk heating

Pucci etal in prep. R = 2.5au Pucci etal 2024
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Additional source of heating/ionization for the thermochemistry code: feedback from MHD

Gorti private comm.

NnLTE radiative transfer solved for the
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Valentin
Brunn, Postdoc OAA

Additional source of ionisation for thermochemistry @
(Work in progress)
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Conclusions

e Magnetic reconnection (MR) occurs in partially ionized astrophysical and space plasmas and laboratory devices have experimented or
been in part dedicated to the study of this process.

o Asimplified fluid approach is provided by the “multicomponent plasma” (Braginskii 1965) which allows us to understand, the role of
elastic collisions between the species in MR, neglecting particles production and charge exchange reactions.

* |n collapsing current sheets the analysis provided by Zweibel 1989 is reviewed (Pucci et al 2020) to discuss the PIP regimes (coupled,
weakly coupled, decoupled), and the onset of fast magnetic reconnection.

e Application of the model to the solar photosphere and chromosphere provides a lower limit for the fast reconnecting CS of

a ~ 100km (Puccietal. 2024), which could be resolved by DKIST or SOLAR-C (Watanabe 2014; Shimizu et al. 2020; Rimmele et al.
2020).

o Application of the model to PPDs: heating and ionization by MR can change the chemistry and elements available for planet formation
and local sound speed, changing the winds launching speed (Suzuki et al 2010, McNally 2013, Pucci et al 2024, Brunn et al 2024).

e Arefined model including multi species analysis and local heating functions would significantly improve the estimate on MR impact
in energy transter processes (see e.g. Wargnier et al 2022 10.3847/1 538-4357/ac6e62(§).
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