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Wire Arrays for Laboratory Astrophysics

Exploding wire array
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Dual Exploding Wire Array
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Y On ~1MA University scale facilities, wire arrays

(c) 368 ns generate plasma that is:

- Highly-collisional (A;;/L ~ 1076 — 107%)
- Supersonic (Mg ~ 2 —7)

- Super-Alfvenic (M, ~ 1 — 2)

- Magnetized (p,/L ~ 1074, p; /L ~ 1072)
- Frozen-in flux (Rey > 10)

Hare et al. 2017. PRL.
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A Dual Exploding Wire Array on Z

Wire
weights

el

=

=

For each array:
Current:

' 1
# Wires >0 10 MA per array,
Wire Diameter & Material 75 um Al 300 ns rise time

Array Diameter 40 mm
Array Height 40 mm
AK Gap 10 mm
Array Separation 20 mm
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Inductive Probe Array

Measure time- and space-resolved magnetic field
Measure flow velocity from time-of-flight of B-field

Single-looped probes of OD ~1.5 mm

Probes placed at 4 radii (5, 8, 11, and 15 mm from wires)

At each location, vertically stacked 2 probes of opposite polarity

Inner
Conductor

v

Outer Conductor

v

I > oo

Wire Loop
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Inductive Probe with Target for Bow Shock Generation

%ﬁnf.»;;;_WCouimated SVS fibers | \ ‘

B o x‘ _ “ ,‘ @ &
- 6

X | Inductive probes
@)Y

A bow shock forms around the b-dot probe with a glass rod (“T-probe”)

Structure of shock provides information about the upstream Mach no.
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Magnetic Field Measurements
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Magnetic Field Measurements

i Magnetic Field
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As expected, magnetic field strength decreases with distance from wires
Rate of change of B exhibits a jump, which suggests an abrupt increase in ablation rate

We measure peak field of 25-29 T at 5mm from wires
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Average Velocity from Time of Flight
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Average Velocity from Time of Flight
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Average flow velocity ranges between ~ 70 — 150 km/s
Velocity decreases with time, similar to what we see in simulations

I II il- | PS FC Plasma Science and Fusion Center rdatta@mit_ edu



Self-emission gated optical imager (SEGOI)

SEGOI Field of View Preshot image

z3697 SEGOI Pre-Shot - Frame 4 GOl

* Records time-gated and 2D space-
resolved visible emission

4000

3500
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*  Monitors the time-evolution of the
bow shock around the T-probe

o 2500

2000
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* 8 frames recorded on 8 separate
MCPs with 7 ns inter-frame time

1000

Streakline

500
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* A streak camera records 1D space- Distanca kcanwives )
resolved emission from SEGOI
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A bow shock is clearly visible ahead of the T-probe

23697 SEGOI Shot - Frame 2 GOI3 23697 SEGOI Shot - Frame 4 GOI1 23697 SEGOI Shot - Frame 7 GOI7 4000
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The shock shape remains roughly invariant during the observation window

*images have been scaled, rotated, and centered
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Mach Number of Upstream Flow

z3697 SEGOI Shot - Frame 4 GOI1

Opening angle = 30°
Ml o 2

11 13 15 17 19
Distance from wires (mm)
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Position of shock remains invariant in time

23697 SEGOI Shot - Frame 4 GOI1
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Streaked Visible Spectrometry (SVS)

e 45SVS fibers make chordal measurements of
visible spectra

e Spectra with Al-Il and Al-1ll lines will allow for
density and electron temperature
measurements
SEGOI
Plasma
To Visible
Spectrometer Fiber Lens

N
— =0 e

SEGOI alignment camera view with Backlit SVS Fibers
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Streaked Optical Spectra

z3697svsS_shot img
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Streaked Optical Spectra
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Summary

23697 SEGOI Shot - Frame 4 GOI1

We characterize the plasma
flows from the first dual wire
array load on the Z machine
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and flow velocities of ~70-150
km/s
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Supplementary Slides
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Diagnostic Map
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Streaked Visible Spectroscopy (SVS)
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Z Line VISAR (Velocimetry) IDTLs with Dual-Polarity B-dot Probes

Measured Spatially and temporally Measured Rate of change of magnetic flux
Quantities resolved velocity history of a Quantities

flyer plate

: : Inferred Time-resolved inner MITL

Inferr(-_td. Time-resolved current in the Quantities current
Quantities load
Line-Of-Sight n/a Line-Of-Sight n/a
Diagnostic Current vs time Diagnostic Current vs time
Output Output
Details Details

Specifications:

N/A

1=4 um

10-40 ps

1—4mm

983/1307, Z High-bay, custom final optics

Two streaked YISAR interferometer channels, 8 gated optical imager (GOl channels

images coll 18T PSS IF S Piasma seisnas and Fusion Genter rdatta@



Inductive Probes

Measured Rate of change of magnetic flux /_, 4C 1 C =
Quantities y - = - /%
: Collimated SVS fibers | =
Inferred Time- and space-resolved magnetic ¢ '
Quantities field & velocity b

: _. _Gateq i_mager |

Line-Of-Sight n/a

[ Inductive probes

Q

Diagnostic Voltage vs time (4 radial locations 5, 8,
Output 11 & 14 mm from array) Inductive probes | 4
Details 16 probes total; 2 probes stacked \

vertically; 1mm diameter

Side-View

|
. N To *not to scale
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®
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Streaked Visible Spectrosco

SVS

Measured Time-resolved & Space-resolved
Quantities Optical Power Spectrum
Inferred Bow shock formation;
Quantities Density & Temperature

Line-Of-Sight

Side-on (front and behind shock)

Diagnostic Counts vs wavelength vs time at 4
Output spatial locations

Details Same 4 radii as the inductive probes
Specifications:

Visible Light, 400 — 800 m

Mon-lmaging but FOV can be limited to ~20 um

100 ps
EEEETTR 20 um — 10 cm
Room 1307 Mezzanine

"Il nﬁ-r DF 'clllllhll'l.

~30 dB
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Self-emission Gated Imager (SEGOI) |

Measured Time- gated and space-resolved optical
Quantities Self-emission

Inferred Bow shock formation & shape
Quantities

Line-Of-Sight

Side-on (front and behind shock)

’\ |

Inductive probes

~_Collimated SVS fibers | - / {

: .. Gated i_mager |

— &

g

Ind uctwe prﬂbes ,-;.

Diagnostic Optical image (8 frames) @

Output (@

Details y
4 y

Specifications

Spectral Band(s) Green light 540-600 nm

Spatial Resolution 30-50 um

Field of View lcm

Details Upto 8 gated optical imagers and 2 streak cameras of Z Line VISAR
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Shock Opening Angle

23697 SEGOI Shot - Frame 4 GOI1
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A Dual Exploding Wire Array on Z

o

Velocimetry
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Wire Arrays for Laboratory Astrophysics

Imploding wire array Exploding wire array
Flow
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Dual Exploding Wire Array

Characteristic Parameters of Ablated Plasma
in Exploding Wire Arrays (Suttle et al. 2019)

1 - 4 i Material
(@l s = b
3’ Parameter Symbol C Al w
u (1]
i =S Electron density (cm ) ne (2-5) x 10" (0.3-2) x 10" (0.3-2) x 10"
T 5 0F Magnetic field (T) B 3 2-4 24
£ .n.; & : 0513 15 Flow velocity (kms ") 1% 50 50-150 50-150
B ﬂ_ff] _ lon temperature (eV) T, 50 20 —
- Electron temperature (eV) T. 15 15 <6
g2 j\ Average ionization zZ 4 3.5 <6
Reconnection Wire Central ] e i lon sound speed (km S_I} Cg 30 20 5
Layer Conductor Alfvén speed (kms ') Va 70 30 10
Ion-ion mean free path (mm) Aii 1072 107 10°°
Radiative cooling time (ns) Trad 100 20 <l
Reynolds number Re 10° 10° 107
Magnetic Reynolds number Ren 20 30 10
Dynamic Beta Bayn 1 10-100 100-1000
Thermal Beta B 0.4 1 0.5
Localization L/ 10° 10* 10°

On ~1MA University scale facilities, wire arrays
generate highly-collisional (1;; ~ 107> —
1073 mm), supersonic (Mg ~ 2 — 7) & super-
Alfvenic (M, ~ 1 — 2), magnetized (B ~5—=10T)
plasma flows with frozen-in flux (Rey, > 10)
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Diagnostics of Ablated Plasma

Inductive probe array:
* Measure time- and space-resolved magnetic field of ablated plasma
* Measure flow velocity from time-of-flight of magnetic field

Self-emission gated optical imager (SEGOI)

* Records time-gated and 2D space-resolved visible emission
* Monitors evolution of bow shock around T-probe

e Structure of shock provides information about the Mach no.

Streaked visible spectroscopy (SVS)
* Space- and time-resolved emission spectra of visible radiation

Inductive (‘b-dot’) probes on z3697

Typical SEGOI setup on Z

Yager-Elorriaga, David, et al. (2021)

Diagnostic Setup for z3697
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o . /
A\
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Visible Spectrometry with Fiber Collimator
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Self-emission gated optical imager (SEGOI)

e, .

* Records time-gated and 2D space-
resolved visible emission

*  Monitors the time-evolution of the
bow shock around the T-probe

* 8 frames recorded on 8 separate
MCPs with 7 ns inter-frame time

* A streak camera records 1D space-
resolved emission from SEGOI

Streakline

-

e e oT

SEGOI F|e|d OfVieW 11 12 13 14 15 1B 17 18 19 ’

Distance from wires (mm)
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