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SSX background

(undergraduate research program)

- 25 years, 60 students (many now at R1 places)
* Magnetic reconnection, MHD turbulence
» Single user "table top" laboratory experiment

* Some aspects relevant to solar/space physics
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Earth to Scale

400 km/s plasma with entrained magnetic fields (SDO, 8/12)
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Cylindrical vacuum chamber High voltage plasma
(D=05m,L=1m) guns on each end



SSX parameters

Ton Density (protons) 10'*-10" cm™
Temperature (T,,T)) 20 - 60 eV
Magnetic Field > 0.1 Tesla
Ion gyroradius <0.5cm
Alfvén speed 100 km/s

S (Lundquist number) > 1000
Plasma f3 0.1-1

p<<R, so treat as MHD fluid... no intrinsic scale!




Equipartition of flow, thermal,
and magnetic energy
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Spheromak formation
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Spheromak

Stuffing flux acts like a nozzle



Plasma merging scenario (old SSX)
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Rapid merging of two rings  Single structure is
formed




MHD wind tunnel (since 2014)

» 50 km/s flows, fully ionized and magnetized

* Kinetic, magnetic, thermal energies comparable
» Single plume (10 kJ)

* Characterization of MHD turbulence

- MHD simulation



Taylor state formation
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Taylor state formation
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Taylor state formation
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Magnetized
plasma gun
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Diagnostics for compression
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Compression

Time = 53.46 ps
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Mach/Magnetic Probes —p
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SSX MHD wind tunnel
50 km/s, magnetic and fluid turbulence

Diagnose with arrays of magnetic and velocity probes



Diagnostics at midplane (B and n,)

Line-averaged density with He-Ne, temperature from IDS



Ion Doppler spectrometer on SSX

IDS system

Interferometer

Magnetics probes
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Interferometer chord and two magnetic probes also shown



Mach probe measures local flow

X. Zhang
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Comparison with predicted helical state

State with the minimum magnetic energy
(subject to certain constraints)
Originally predicted by J. B. Taylor



Trapped proton orbits

A. D. Light, H. Srinivasulu, et al (in preparation)



Diagnostics at midplane (B and n,)

Line-averaged density with He-Ne, temperature from IDS



PDF of temporal increments

Ab(t, At) = b(t + At) — b(t)

S*(At) = ((b(t + At) — b(t))?)

S%(Ar) = ((b(r + Ar) — b(r))*)



Magnetic Probe (16 wire loops)
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PDF of Increments
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PDF of Increments
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A preponderance of

Best fit Gaussian .
large fluctuations

a.k.a. “Fat Tails”



PDF of Increments
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PDF of Increments
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PDF of Increments
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PDF of Increments
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PDF of Increments
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PDF of Increments

Comparison to Solar Wind

10 I
"!
5 ~
) <
= 0.1

T T T
1
10" F

E
0? | 1
w E E
5 ot ;
107 .w‘.‘t ‘“....,. . 3
ﬂm‘n“ Mg, S, A
\ 4]
10"‘ 4 )
0.1+
10,5 [ 1 1 1

T T
=
107 F

102 |
i -
10° F 1y

PDF

=
2 107+
L
s .
4]
Tw23.04 hr
T e —
' -4 3 2 -1 0 1 2 3 .
plot_delta_pdf_forPPFCpaper.py AB,/oj

Bl
*Dudok de Wit, Space Science Review 2013



PDF of increments
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Magnetic Probe (16 wire loops)

O R KFHHRE R 2
O N WMUULO

RN WPRAULO N O

B Timeseries 16 Channels

Time [us]

70



Permutation Entropy

S|P = — ijln(Pj)

Q/\ n =25 N=nl=120



Permutation Entropy

S|P = — ijl”(pj)

Case 1: all N=120 permutations equally Iikely...[ U U U UU s U
S =In(N)... maximum
N 1 _
S =— —In(1/N) = N—In(N) = In(N
;Nn(/) (V) = In(N)

Case 2: linear ramp so only one permutation appears... S = 0... minimum

—




(5SX, solar wind, deterministic chaos)

Jensen-Shannon Complexity
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Summary

Turbulent relaxation shows the
emergence of a twisted helical
magnetic structure in SSX
that is a good trap for protons

Similar Yo magnetic structures
observed in solar/space plasmas

Earth to Scale




Thank youl
Questions?



