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Wire Arrays for Laboratory Astrophysics
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Sub-shock

Primary shock

Exploding wire array

Magnetic Flux Pile-up Anisotropic 3D Shocks
Subcritical MHD shocks

Burdiak et al. 2017. PoP. Russell et al. 2021.

Datta et al. 2022.
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Dual Exploding Wire Array
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Hare et al. 2017. PRL.

Hare et al. 2017. PRL.

Harris Sheet Magnetic Field Profile

Plasmoid Motion in Reconnection Layer 
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Anode

Cathode Wires

West Array East Array

Wire 
Arrays

Wire 
weights

Anode

IDTLs

40 mm 40
 m

m

A Dual Exploding Wire Array on Z

# Wires 150

Wire Diameter & Material 75 um Al

Array Diameter 40 mm

Array Height 40 mm

AK Gap 10 mm

Array Separation 20 mm

Current: 
10 MA per array, 
300 ns rise time

For each array:
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Inductive Probe Array
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• 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

1 cm



rdatta@mit.edu

Inductive Probe with Target for Bow Shock Generation
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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. 

1mm OD glass rod

Wire loop

T-probe 
(14 mm

 from wires)
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Magnetic Field Measurements
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z3697

Common mode rejection:

1 cm
V1

V2

z3697
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Magnetic Field Measurements
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z3697

As expected, magnetic field strength decreases with distance from wires

25-29 T at 5mm
(t ~ 480 ns)

T-probe

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 of a 
magnetized fluid parcel:

Features
Probe signal 
at 5mm Probe signal 

at 8mm

Average flow velocity ~ 120 km/s 
between 5 mm < r < 8 mm

See Datta et al. HTPD (Accepted) for details
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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
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T-probe

SVS holder

Self-emission gated optical imager (SEGOI)
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• 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

T-probe

Preshot image

T Probe

Streakline

SEGOI Field of View
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A bow shock is clearly visible ahead of the T-probe
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*images have been scaled, rotated, and centered

332 ns 346 ns 367 ns

The shock shape remains roughly invariant during the observation window
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Mach Number of Upstream Flow
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Streak image
Post-Shock

Shock front

346 ns
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Position of shock remains invariant in time
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Streak image
Post-Shock

Pre-Shock

Shock front

Shock Front

* Averaged over +/- 5ns

Post-Shock
Pre-Shock

346 ns
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Streaked Visible Spectrometry (SVS)
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• 4 SVS fibers make chordal measurements of 
visible spectra

• Spectra with Al-II and Al-III lines will allow for 
density and electron temperature 
measurements

T-probe

SEGOI alignment camera view with Backlit SVS Fibers

T-probe

SVS Holder

SVS5

SVS4

SEGOI

Array
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Streaked Optical Spectra
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T-
probe

SVS5
SVS4

Timing impulse 
t = 300 ns

Al emission 
lines

Absorption
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Streaked Optical Spectra
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T-
probe

SVS5
SVS4

Timing impulse 
t = 300 ns

Al emission 
lines

Absorption

PRISMspect simulations will be used to determine 
electron density and temperature from the SVS 

spectra

Al-III 414.2, 415.0

Al-III 448, 451.3, 452.9

Al-II 466.3 nm

Al-III 569.7 nm, 572.3 nm

Smaller low-
intensity Al-III lines
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Summary
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Anode

Cathode Wire
s

West 
Array

East 
Array

40 
mm

40
 

m
m

• We characterize the plasma 
flows from the first dual wire 
array load on the Z machine

• Magnetic field of upto 29T 
and flow velocities of ~70-150 
km/s

• Image a bow shock of Mach 
no. ~ 2

• Visible specta show well-
defined Al-II and Al-III lines
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Supplementary Slides
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Diagnostics on 
MARZ

X-Ray 
Radiation

X-Ray Imaging

Gated MLM+MCP

2 x UXI-Icarus Pinhole

XIDAR-UPAC (diode-array)

FOA Pinhole Camera

X-Ray Diodes

Filtered X-Ray diodes

TADPoles

Silicon Multi-diode head

X-Ray Spectrum XRS3 time-integrated (Al K-shell)

TREX time-gated spectrometer 
(broadband)

Current & 
Magnetic

Field 
Load Current

Line VISAR 
(Velocimetry)

IDTLs / Dual-polarity B-dot 
probes

Advected Magnetic 
Field B-dot probe array

Optical 
Radiation

Gated Self-Emission (8 frame)

Streaked Visible Spectroscopy (SVS)

Diagnostic Map
All diagnostics for April’22 shot

Top-downTop-down

Side / Along rec. layer

Side  / Along rec. layer

Side/ Along rec. layer

Side  / 
Front and behind shock

Reconnection Diagnostics

21

Bow Shock
Diagnostics
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Z Line VISAR (Velocimetry)

Measured 
Quantities

Spatially and temporally 
resolved velocity history of a 
flyer plate 

Inferred 
Quantities

Time-resolved current in the 
load

Line-Of-Sight n/a

Diagnostic 
Output

Current vs time

Details

IDTLs with Dual-Polarity B-dot Probes

Measured 
Quantities

Rate of change of magnetic flux

Inferred 
Quantities

Time-resolved inner MITL 
current

Line-Of-Sight n/a

Diagnostic 
Output

Current vs time

Details

B-dots

Images courtesy C. Myers, Z Diagnostic Manual (SNL) 22
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Inductive Probes
Measured 
Quantities

Rate of change of magnetic flux

Inferred 
Quantities

Time- and space-resolved magnetic 
field & velocity

Line-Of-Sight n/a

Diagnostic 
Output

Voltage vs time (4 radial locations 5, 8, 
11 & 14 mm from array)

Details 16 probes total; 2 probes stacked 
vertically; 1mm diameter

Side-View

Two probes 
vertically stacked
*not to scale

Images courtesy C. Myers, Z Diagnostic Manual (SNL)23
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Streaked Visible Spectroscopy (SVS)

Measured 
Quantities

Time-resolved & Space-resolved 
Optical Power Spectrum

Inferred 
Quantities

Bow shock formation;
Density & Temperature

Line-Of-Sight Side-on (front and behind shock)

Diagnostic 
Output

Counts vs wavelength vs time at 4 
spatial locations

Details Same 4 radii as the inductive probes

Images courtesy C. Myers, Z Diagnostic Manual (SNL)24

Side-View
*not to scale
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Self-emission Gated Imager (SEGOI)

Measured 
Quantities

Time- gated and space-resolved optical 
Self-emission

Inferred 
Quantities

Bow shock formation & shape

Line-Of-Sight Side-on (front and behind shock)

Diagnostic 
Output

Optical image (8 frames)

Details

Images courtesy C. Myers, Z Diagnostic Manual (SNL)

Spectral Band(s) Green light 540-600 nm

Spatial Resolution 30-50 um

Field of View 1 cm

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

Specifications

25
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Shock Opening Angle

26



rdatta@mit.edu 27

* 5 mm collection volume

Mean Density variation along LOS

Mean Temp. variation along LOS

* Averaged over collection volume

SVS5 LOS
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* 5 mm collection volume

t = 300 ns

x = 8 – 2.5 mm

x = 8 + 2.5 mm

Variation across 
collection volume

mean

SVS5 LOS
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A Dual Exploding Wire Array on Z
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Anode

Cathode Wires

West Array East Array

Cathode

B-dot
Probes

IDTLs

Anode

Cathode

Wires

Flow

Velocimetry
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Wire Arrays for Laboratory Astrophysics
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Sub-shock

Primary shock

Imploding wire array Exploding wire array

Magnetic 
precursor

Jet and Bow Shock

Magnetic Flux Pile-up Anisotropic 3D Shocks
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Dual Exploding Wire Array
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Characteristic Parameters of Ablated Plasma 
in Exploding Wire Arrays (Suttle et al. 2019)
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Diagnostics of Ablated Plasma
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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
• Structure of shock provides information about the Mach no. 

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

Diagnostic Setup for z3697 

Inductive (‘b-dot’) probes on z3697 Typical SEGOI setup on Z Visible Spectrometry with Fiber Collimator

Yager-Elorriaga, David, et al. (2021)
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Self-emission gated optical imager (SEGOI)
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• 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

T-probe

T-probe

SVS holder

Targe
t

Lens

Periscope

To MCP

Preshot image

T Probe

Streakline

SEGOI Field of View

Yager-Elorriaga, David, et al. (2021)


