
QU ICK  START  ( con t . )

How to change the template color theme
You can easily change the color theme of your poster by going to the 
DESIGN menu, click on COLORS, and choose the color theme of your 
choice. You can also create your own color theme.

You can also manually change the color of your background by going to 
VIEW > SLIDE MASTER.  After you finish working on the master be sure to 
go to VIEW > NORMAL to continue working on your poster.

How to add Text
The template comes with a number of pre-
formatted placeholders for headers and text 
blocks. You can add more blocks by copying and 
pasting the existing ones or by adding a text box 
from the HOME menu. 

 Text size
Adjust the size of your text based on how much content you have to 
present. The default template text offers a good starting point. Follow 
the conference requirements.

How to add Tables
To add a table from scratch go to the INSERT menu and 
click on TABLE. A drop-down box will help you select rows 
and columns. 

You can also copy and a paste a table from Word or another PowerPoint 
document. A pasted table may need to be re-formatted by RIGHT-CLICK > 
FORMAT SHAPE, TEXT BOX, Margins.

Graphs / Charts
You can simply copy and paste charts and graphs from Excel or Word. 
Some reformatting may be required depending on how the original 
document has been created.

How to change the column configuration
RIGHT-CLICK on the poster background and select LAYOUT to see the 
column options available for this template. The poster columns can also 
be customized on the Master. VIEW > MASTER.

How to remove the info bars
If you are working in PowerPoint for Windows and have finished your 
poster, save as PDF and the bars will not be included. You can also 
delete them by going to VIEW > MASTER. On the Mac adjust the Page-
Setup to match the Page-Setup in PowerPoint before you create a PDF. 
You can also delete them from the Slide Master.

Save your work
Save your template as a PowerPoint document. For printing, save as 
PowerPoint or “Print-quality” PDF.

Print your poster
When you are ready to have your poster printed go online to 
PosterPresentations.com and click on the “Order Your Poster” button. 
Choose the poster type the best suits your needs and submit your order. 
If you submit a PowerPoint document you will be receiving a PDF proof 
for your approval prior to printing. If your order is placed and paid for 
before noon, Pacific, Monday through Friday, your order will ship out 
that same day. Next day, Second day, Third day, and Free Ground 
services are offered. Go to PosterPresentations.com for more 
information.

Student discounts are available on our Facebook page.
Go to PosterPresentations.com and click on the FB icon. 

© 2013 PosterPresentations.com
    2117 Fourth Street , Unit C        
     Berkeley CA 94710
    posterpresenter@gmail.com

(—THIS SIDEBAR DOES NOT PRINT—)
DES IGN  GU IDE

This PowerPoint 2007 template produces a 36”x48” 
presentation poster. You can use it to create your research 
poster and save valuable time placing titles, subtitles, text, 
and graphics. 

We provide a series of online tutorials that will guide you 
through the poster design process and answer your poster 
production questions. To view our template tutorials, go 
online to PosterPresentations.com and click on HELP DESK.

When you are ready to print your poster, go online to 
PosterPresentations.com

Need assistance? Call us at 1.510.649.3001

QU ICK  START

Zoom in and out
As you work on your poster zoom in and out to the level 
that is more comfortable to you. 
Go to VIEW > ZOOM.

Title, Authors, and Affiliations
Start designing your poster by adding the title, the names of the authors, 
and the affiliated institutions. You can type or paste text into the 
provided boxes. The template will automatically adjust the size of your 
text to fit the title box. You can manually override this feature and 
change the size of your text. 

TIP: The font size of your title should be bigger than your name(s) and 
institution name(s).

Adding Logos / Seals
Most often, logos are added on each side of the title. You can insert a 
logo by dragging and dropping it from your desktop, copy and paste or by 
going to INSERT > PICTURES. Logos taken from web sites are likely to be 
low quality when printed. Zoom it at 100% to see what the logo will look 
like on the final poster and make any necessary adjustments.  

TIP:  See if your school’s logo is available on our free poster templates 
page.

Photographs / Graphics
You can add images by dragging and dropping from your desktop, copy 
and paste, or by going to INSERT > PICTURES. Resize images 
proportionally by holding down the SHIFT key and dragging one of the 
corner handles. For a professional-looking poster, do not distort your 
images by enlarging them disproportionally.

Image Quality Check
Zoom in and look at your images at 100% magnification. If they look good 
they will print well. 

ORIGINAL DISTORTED
Corner handles

Go
od

 p
rin

tin
g 

qu
al

ity

Ba
d 

pr
in

tin
g 

qu
al

ity

RESEARCH POSTER PRESENTATION DESIGN © 2015

www.PosterPresentations.com

2.2 cm

~1-3 mm 
gap

~100 -120 um 
wire

Cathode

Anode

Diagnostic Goals

K.W. Fulforda,b, D. A. Yager-Elorriagaa, S. Patela, M. M. Montoyaa, T. Aoa, M. A. Gilmoreb

(a) Sandia National Laboratories, (b) University of New Mexico

High resolution fiber imaging for pulsed power experiments

FIZ Diagnostic Development Z Applications

Acknowledgement of project contributors and supporters: M. Lowinske, S. Dean, C. Ball, L. Lucero, R. Obregon, D. Lamppa, M. Hatch, D. Scoglietti, S. Payne, D. Bliss, K. Chandler
Sandia National Laboratories is a multi-mission laboratory managed and operated by National Technology and Engineering Solutions of Sandia, LLC, a wholly owned subsidiary of Honeywell International, Inc., for the U.S. Department of Energy’s National Nuclear Security Administration under contract DE-NA0003525.

Imaging Goals for Pulsed Power

 Versatile high resolution fiber imaging system
 Fast and easy installation
 Image multiple positions simultaneously

A compact and adaptable imaging system is presented as a 
technique to capture self-emission events in extreme 
environments. The concept was initiated as a tool for the Z 
machine; subsequently the project was named Fiber Imaging 
on Z (FIZ). The FIZ design utilizes a commercial plastic 
optical fiber (POF) coupled between two lens configurations. 
A focusing lens forms an image onto the face of the 
transmitting POF. At the receiving end, a magnifying lens 
projects the transmission onto a gated sensor. 

 MCL-2000-24 (Asahi Kasei Corporation)
• Core: polymethyl methacrylate (PMMA)  
• Jacket: polyethylene (PE)
• 13,000 individual fibers, each core ~15 micron in diameter
• 2 mm diameter fused core, 2.4 mm diameter with jacket
• Step-index multimode
• Transmission rate

• 4.97 ns/m

• Attenuation
• ~0.1 dB/m (450-600 nm)
• Higher loss below 450 nm

and above 600 nm

• 0.5 NA
• 1.49 refractive index

Mykonos is a linear transformer driver (LTD) accelerator 
capable of 1 MA and 100 kV in ~100 ns. High-current modular 
cavities are 3 meters in diameter and are water insulated. 

 Observe the formation of low-density plasmas that may 
contribute to current loss and impact instabilities in Z targets

Mykonos Applications

Innovative mounting scheme for MagLIF shot. A single lens was pressure fitted inside the 
magnet support structure. The imaging fiber was glued inside a tubular extension attached to a 

commercial linear translation stage. Vertical alignment was supplied via a nut-bracketed 
mounting plate on a support post. Pastel parts A-D were 3D printed. 

Plastic Optical Fiber Source Side

Sensor Side

Bench Testing

Potential Advancements

Different lens fittings were used on Z to accommodate 
hardware and load viewing requirements. Innovative design 
for mounting and installation was achieved for one 
particularly space-limited situation. Despite preparatory EMP 
testing and calculated settings, the following setups on Z 
were not successful. Using the PI Max 4, image data from 
multiple shots was either saturated, overwhelmingly noisy, or 
did not transfer to the laptop. Different camera 
accommodations are needed for further attempts on Z. 

 Input sources
• Arc lamp, Xenon

• 9 us FWHM
• 800 mJ

• LED with 1951 USAF 
resolution target

 Focusing lenses
• Small diameter, < 10 mm
• Objective, 20x
• Wide angle, 67° FOV 

 Fast cameras 
•  PI Max 4 1024f 

• Gate minimum: 1.28 ns
• ICCD, single frame
• 13 um pixel size
• 1 megapixel resolution

•  Phantom Veo 1310
• Gate minimum: 1 us
• CMOS, 10,000 fps (max)
• 18 um pixel size
• 1.2 megapixel resolution

2 mm

Diversify pulsed power devices and applications 
Troubleshooting MagLIF coils in vacuum

FIZ has been fielded on both Z and Mykonos to study 
magnetized liner inertial fusion (MagLIF) experiments, 
x-pinches, and the electrothermal instability (ETI).

Magnified close-up and detail of  MCL-2000-24 
plastic optical fiber, 13,000 individual fibers 

~15 um diameter, fused into a 2 mm core.   

Arc lamp with focusing lens cage system. 
Detail of interior electrodes. 

Veo setup with magnifying lens (matched achromatic   
doublet pair) imaging directly to the sensor.

FOV test image with commercial lens configuration on the aperture ring. 
Image taken prior to installation on Z for MagLIF shot. 

Build different 
fiber arrays to:
•Maximize the 

sensor
•Vary time and 

views
• Illuminate, filter 

and image in 
parallel
• Increase FOV Optimize in-house production  

Mechanical polishing

~0.16 mm

Diagram of basic system for new fiber imaging diagnostic. 

Conceptual rendering of multi-view 
configuration on one sensor

A B

C

D

Hybrid x-pinch on Mykonos with 
self-emission and shadowgraphy. 
FIZ systems installed for each. 
Self-emission images taken with  
ICCD, 2 ns gate and 1x gain. The 
shadowgraphy laser (532 nm) has 
a pulse width of 170 ps. 

Magnifying lens

Resolution target with wide 
angle lens and LED

FOV calculation based on USAF resolution target 

Arc lamp images with a 6 mm diameter focusing lens; 11 mm focal length. Based on electrode image, FOV 
was ~6 mm. DG triggered the lamp and PI Max 4 camera. Increasing the delay time shifted the exposure to 

capture the plasma at different stages of the arc.   

3 mm

Delay:       4000 ns
Gate:             10 ns

4500 ns
9 ns

4750 ns
7 ns

6500 ns
5 ns

Arc lamp

Camera signal

DG trigger

Approximate peak 
at  9400 ns

 In-house fiber production 
(cutting, connectorizing and polishing)
• Laser cutting shows promise to cut and polish 

simultaneously (more work is needed)
• Custom inspection tool built to see the full face of the 

2 mm fiber with 10x magnification

EMP testing for PI Max camera at Z
• ~3.8% average noise increase from the 85kV to 90kV 

• Supplemental screening was applied to avoid data 
transfer interruptions 

Sample resolutions with PI Max 4 and different focusing lenses. 

Bench Testing

MagLIF on Z

Mykonos

(left), the primary mounting cap for different chamber 
designs (center), and a sample load with probes (right)

One example of a Mykonos 
configuration showing five of the 

backend high-current LTD cavities 

In MagLIF, a strong 
magnetic pressure implodes 
an axially pre-magnetized 
and laser pre-heated fusion 
fuel in order to achieve 
thermonuclear conditions. 
The axial magnetic field 
enhances trapping of alpha
particles while reducing thermal conduction losses to the liner 
during the implosion. Instabilities such as magneto Rayleigh-
Taylor (MRT) challenge further advancement.

Return current 
posts

Z target

Interchangeable vacuum chambers allow 
for a variety of experimental designs.

Relation of wire to emission for nickel wire at 380 ns machine time. 

Pre-shot with LED backlight Self emission Overlap of pre-shot and emission

Self-emission for different times during x-pinch studies. Peak current at ~430 ns machine time. 

(Left) Sample of 
shadowgraphy 
image path. 
(Right) Canon 
CMOS, open 
exposure for 170 ps 
laser pulse during nickel wire x-pinch.

Pre-shot 380 ns
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Image Quality Check
Zoom in and look at your images at 100% magnification. If they look good 
they will print well. 

ORIGINAL DISTORTED
Corner handles

Go
od

 p
rin

tin
g 

qu
al

ity

Ba
d 

pr
in

tin
g 

qu
al

ity

RESEARCH POSTER PRESENTATION DESIGN © 2015

www.PosterPresentations.com

2.2 cm

~1-3 mm 
gap

~100 -120 um 
wire

Cathode

Anode

Diagnostic Goals

K.W. Fulforda,b, D. A. Yager-Elorriagaa, S. Patela, M. M. Montoyaa, T. Aoa, M. A. Gilmoreb

(a) Sandia National Laboratories, (b) University of New Mexico

High resolution fiber imaging for pulsed power experiments

FIZ Diagnostic Development Z Applications

Acknowledgement of project contributors and supporters: M. Lowinske, S. Dean, C. Ball, L. Lucero, R. Obregon, D. Lamppa, M. Hatch, D. Scoglietti, S. Payne, D. Bliss, K. Chandler
Sandia National Laboratories is a multi-mission laboratory managed and operated by National Technology and Engineering Solutions of Sandia, LLC, a wholly owned subsidiary of Honeywell International, Inc., for the U.S. Department of Energy’s National Nuclear Security Administration under contract DE-NA0003525.

Imaging Goals for Pulsed Power

 Versatile high resolution fiber imaging system
 Fast and easy installation
 Image multiple positions simultaneously

A compact and adaptable imaging system is presented as a 
technique to capture self-emission events in extreme 
environments. The concept was initiated as a tool for the Z 
machine; subsequently the project was named Fiber Imaging 
on Z (FIZ). The FIZ design utilizes a commercial plastic 
optical fiber (POF) coupled between two lens configurations. 
A focusing lens forms an image onto the face of the 
transmitting POF. At the receiving end, a magnifying lens 
projects the transmission onto a gated sensor. 

 MCL-2000-24 (Asahi Kasei Corporation)
• Core: polymethyl methacrylate (PMMA)  
• Jacket: polyethylene (PE)
• 13,000 individual fibers, each core ~15 micron in diameter
• 2 mm diameter fused core, 2.4 mm diameter with jacket
• Step-index multimode
• Transmission rate

• 4.97 ns/m

• Attenuation
• ~0.1 dB/m (450-600 nm)
• Higher loss below 450 nm

and above 600 nm

• 0.5 NA
• 1.49 refractive index

Mykonos is a linear transformer driver (LTD) accelerator 
capable of 1 MA and 100 kV in ~100 ns. High-current modular 
cavities are 3 meters in diameter and are water insulated. 

 Observe the formation of low-density plasmas that may 
contribute to current loss and impact instabilities in Z targets

Mykonos Applications

Innovative mounting scheme for MagLIF shot. A single lens was pressure fitted inside the 
magnet support structure. The imaging fiber was glued inside a tubular extension attached to a 

commercial linear translation stage. Vertical alignment was supplied via a nut-bracketed 
mounting plate on a support post. Pastel parts A-D were 3D printed. 

Plastic Optical Fiber Source Side

Sensor Side

Bench Testing

Potential Advancements

Different lens fittings were used on Z to accommodate 
hardware and load viewing requirements. Innovative design 
for mounting and installation was achieved for one 
particularly space-limited situation. Despite preparatory EMP 
testing and calculated settings, the following setups on Z 
were not successful. Using the PI Max 4, image data from 
multiple shots was either saturated, overwhelmingly noisy, or 
did not transfer to the laptop. Different camera 
accommodations are needed for further attempts on Z. 

 Input sources
• Arc lamp, Xenon

• 9 us FWHM
• 800 mJ

• LED with 1951 USAF 
resolution target

 Focusing lenses
• Small diameter, < 10 mm
• Objective, 20x
• Wide angle, 67° FOV 

 Fast cameras 
•  PI Max 4 1024f 

• Gate minimum: 1.28 ns
• ICCD, single frame
• 13 um pixel size
• 1 megapixel resolution

•  Phantom Veo 1310
• Gate minimum: 1 us
• CMOS, 10,000 fps (max)
• 18 um pixel size
• 1.2 megapixel resolution

2 mm

Diversify pulsed power devices and applications 
Troubleshooting MagLIF coils in vacuum

FIZ has been fielded on both Z and Mykonos to study 
magnetized liner inertial fusion (MagLIF) experiments, 
x-pinches, and the electrothermal instability (ETI).

Magnified close-up and detail of  MCL-2000-24 
plastic optical fiber, 13,000 individual fibers 

~15 um diameter, fused into a 2 mm core.   

Arc lamp with focusing lens cage system. 
Detail of interior electrodes. 

Veo setup with magnifying lens (matched achromatic   
doublet pair) imaging directly to the sensor.

FOV test image with commercial lens configuration on the aperture ring. 
Image taken prior to installation on Z for MagLIF shot. 

Build different 
fiber arrays to:
•Maximize the 

sensor
•Vary time and 

views
• Illuminate, filter 

and image in 
parallel
• Increase FOV Optimize in-house production  

Mechanical polishing

~0.16 mm

Diagram of basic system for new fiber imaging diagnostic. 

Conceptual rendering of multi-view 
configuration on one sensor

A B

C

D

Hybrid x-pinch on Mykonos with 
self-emission and shadowgraphy. 
FIZ systems installed for each. 
Self-emission images taken with  
ICCD, 2 ns gate and 1x gain. The 
shadowgraphy laser (532 nm) has 
a pulse width of 170 ps. 

Magnifying lens

Resolution target with wide 
angle lens and LED

FOV calculation based on USAF resolution target 

Arc lamp images with a 6 mm diameter focusing lens; 11 mm focal length. Based on electrode image, FOV 
was ~6 mm. DG triggered the lamp and PI Max 4 camera. Increasing the delay time shifted the exposure to 

capture the plasma at different stages of the arc.   

3 mm

Delay:       4000 ns
Gate:             10 ns

4500 ns
9 ns

4750 ns
7 ns

6500 ns
5 ns

Arc lamp

Camera signal

DG trigger

Approximate peak 
at  9400 ns

 In-house fiber production 
(cutting, connectorizing and polishing)
• Laser cutting shows promise to cut and polish 

simultaneously (more work is needed)
• Custom inspection tool built to see the full face of the 

2 mm fiber with 10x magnification

EMP testing for PI Max camera at Z
• ~3.8% average noise increase from the 85kV to 90kV 

• Supplemental screening was applied to avoid data 
transfer interruptions 

Sample resolutions with PI Max 4 and different focusing lenses. 

Bench Testing

MagLIF on Z

Mykonos

(left), the primary mounting cap for different chamber 
designs (center), and a sample load with probes (right)

One example of a Mykonos 
configuration showing five of the 

backend high-current LTD cavities 

In MagLIF, a strong 
magnetic pressure implodes 
an axially pre-magnetized 
and laser pre-heated fusion 
fuel in order to achieve 
thermonuclear conditions. 
The axial magnetic field 
enhances trapping of alpha
particles while reducing thermal conduction losses to the liner 
during the implosion. Instabilities such as magneto Rayleigh-
Taylor (MRT) challenge further advancement.

Return current 
posts

Z target

Interchangeable vacuum chambers allow 
for a variety of experimental designs.

Relation of wire to emission for nickel wire at 380 ns machine time. 

Pre-shot with LED backlight Self emission Overlap of pre-shot and emission

Machine time:                    375 ns

Molybdenum Nickel Nickel

380 ns 390 ns

Self-emission for different times during x-pinch studies. Peak current at ~430 ns machine time. 

(Left) Sample of 
shadowgraphy 
image path. 
(Right) Canon 
CMOS, open 
exposure for 170 ps 
laser pulse during nickel wire x-pinch.

Pre-shot 380 ns
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Imaging Goals for Pulsed Power

 Versatile high resolution fiber imaging system
 Fast and easy installation
 Image multiple positions simultaneously

A compact and adaptable imaging system is presented as a 
technique to capture self-emission events in extreme 
environments. The concept was initiated as a tool for the Z 
machine; subsequently the project was named Fiber Imaging 
on Z (FIZ). The FIZ design utilizes a commercial plastic 
optical fiber (POF) coupled between two lens configurations. 
A focusing lens forms an image onto the face of the 
transmitting POF. At the receiving end, a magnifying lens 
projects the transmission onto a gated sensor. 

 MCL-2000-24 (Asahi Kasei Corporation)
• Core: polymethyl methacrylate (PMMA)  
• Jacket: polyethylene (PE)
• 13,000 individual fibers, each core ~15 micron in diameter
• 2 mm diameter fused core, 2.4 mm diameter with jacket
• Step-index multimode
• Transmission rate

• 4.97 ns/m

• Attenuation
• ~0.1 dB/m (450-600 nm)
• Higher loss below 450 nm

and above 600 nm

• 0.5 NA
• 1.49 refractive index

Mykonos is a linear transformer driver (LTD) accelerator 
capable of 1 MA and 100 kV in ~100 ns. High-current modular 
cavities are 3 meters in diameter and are water insulated. 

 Observe the formation of low-density plasmas that may 
contribute to current loss and impact instabilities in Z targets

Mykonos Applications

Innovative mounting scheme for MagLIF shot. A single lens was pressure fitted inside the 
magnet support structure. The imaging fiber was glued inside a tubular extension attached to a 

commercial linear translation stage. Vertical alignment was supplied via a nut-bracketed 
mounting plate on a support post. Pastel parts A-D were 3D printed. 

Plastic Optical Fiber Source Side

Sensor Side

Bench Testing

Potential Advancements

Different lens fittings were used on Z to accommodate 
hardware and load viewing requirements. Innovative design 
for mounting and installation was achieved for one 
particularly space-limited situation. Despite preparatory EMP 
testing and calculated settings, the following setups on Z 
were not successful. Using the PI Max 4, image data from 
multiple shots was either saturated, overwhelmingly noisy, or 
did not transfer to the laptop. Different camera 
accommodations are needed for further attempts on Z. 

 Input sources
• Arc lamp, Xenon

• 9 us FWHM
• 800 mJ

• LED with 1951 USAF 
resolution target

 Focusing lenses
• Small diameter, < 10 mm
• Objective, 20x
• Wide angle, 67° FOV 

 Fast cameras 
•  PI Max 4 1024f 

• Gate minimum: 1.28 ns
• ICCD, single frame
• 13 um pixel size
• 1 megapixel resolution

•  Phantom Veo 1310
• Gate minimum: 1 us
• CMOS, 10,000 fps (max)
• 18 um pixel size
• 1.2 megapixel resolution

2 mm

Diversify pulsed power devices and applications 
Troubleshooting MagLIF coils in vacuum

FIZ has been fielded on both Z and Mykonos to study 
magnetized liner inertial fusion (MagLIF) experiments, 
x-pinches, and the electrothermal instability (ETI).

Magnified close-up and detail of  MCL-2000-24 
plastic optical fiber, 13,000 individual fibers 

~15 um diameter, fused into a 2 mm core.   

Arc lamp with focusing lens cage system. 
Detail of interior electrodes. 

Veo setup with magnifying lens (matched achromatic   
doublet pair) imaging directly to the sensor.

FOV test image with commercial lens configuration on the aperture ring. 
Image taken prior to installation on Z for MagLIF shot. 

Build different 
fiber arrays to:
•Maximize the 

sensor
•Vary time and 

views
• Illuminate, filter 

and image in 
parallel
• Increase FOV Optimize in-house production  

Mechanical polishing

~0.16 mm

Diagram of basic system for new fiber imaging diagnostic. 

Conceptual rendering of multi-view 
configuration on one sensor

A B

C

D

Hybrid x-pinch on Mykonos with 
self-emission and shadowgraphy. 
FIZ systems installed for each. 
Self-emission images taken with  
ICCD, 2 ns gate and 1x gain. The 
shadowgraphy laser (532 nm) has 
a pulse width of 170 ps. 

Magnifying lens

Resolution target with wide 
angle lens and LED

FOV calculation based on USAF resolution target 

Arc lamp images with a 6 mm diameter focusing lens; 11 mm focal length. Based on electrode image, FOV 
was ~6 mm. DG triggered the lamp and PI Max 4 camera. Increasing the delay time shifted the exposure to 

capture the plasma at different stages of the arc.   

3 mm

Delay:       4000 ns
Gate:             10 ns

4500 ns
9 ns

4750 ns
7 ns

6500 ns
5 ns

Arc lamp

Camera signal

DG trigger

Approximate peak 
at  9400 ns

 In-house fiber production 
(cutting, connectorizing and polishing)
• Laser cutting shows promise to cut and polish 

simultaneously (more work is needed)
• Custom inspection tool built to see the full face of the 

2 mm fiber with 10x magnification

EMP testing for PI Max camera at Z
• ~3.8% average noise increase from the 85kV to 90kV 

• Supplemental screening was applied to avoid data 
transfer interruptions 

Sample resolutions with PI Max 4 and different focusing lenses. 

Bench Testing

MagLIF on Z

Mykonos

(left), the primary mounting cap for different chamber 
designs (center), and a sample load with probes (right)

One example of a Mykonos 
configuration showing five of the 

backend high-current LTD cavities 

In MagLIF, a strong 
magnetic pressure implodes 
an axially pre-magnetized 
and laser pre-heated fusion 
fuel in order to achieve 
thermonuclear conditions. 
The axial magnetic field 
enhances trapping of alpha
particles while reducing thermal conduction losses to the liner 
during the implosion. Instabilities such as magneto Rayleigh-
Taylor (MRT) challenge further advancement.

Return current 
posts

Z target

Interchangeable vacuum chambers allow 
for a variety of experimental designs.

Relation of wire to emission for nickel wire at 380 ns machine time. 

Pre-shot with LED backlight Self emission Overlap of pre-shot and emission

Machine time:                    375 ns

Molybdenum Nickel Nickel

380 ns 390 ns

Self-emission for different times during x-pinch studies. Peak current at ~430 ns machine time. 

(Left) Sample of 
shadowgraphy 
image path. 
(Right) Canon 
CMOS, open 
exposure for 170 ps 
laser pulse during nickel wire x-pinch.

Pre-shot 380 ns
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Imaging Goals for Pulsed Power

 Versatile high resolution fiber imaging system
 Fast and easy installation
 Image multiple positions simultaneously

A compact and adaptable imaging system is presented as a 
technique to capture self-emission events in extreme 
environments. The concept was initiated as a tool for the Z 
machine; subsequently the project was named Fiber Imaging 
on Z (FIZ). The FIZ design utilizes a commercial plastic 
optical fiber (POF) coupled between two lens configurations. 
A focusing lens forms an image onto the face of the 
transmitting POF. At the receiving end, a magnifying lens 
projects the transmission onto a gated sensor. 

 MCL-2000-24 (Asahi Kasei Corporation)
• Core: polymethyl methacrylate (PMMA)  
• Jacket: polyethylene (PE)
• 13,000 individual fibers, each core ~15 micron in diameter
• 2 mm diameter fused core, 2.4 mm diameter with jacket
• Step-index multimode
• Transmission rate

• 4.97 ns/m

• Attenuation
• ~0.1 dB/m (450-600 nm)
• Higher loss below 450 nm

and above 600 nm

• 0.5 NA
• 1.49 refractive index

Mykonos is a linear transformer driver (LTD) accelerator 
capable of 1 MA and 100 kV in ~100 ns. High-current modular 
cavities are 3 meters in diameter and are water insulated. 

 Observe the formation of low-density plasmas that may 
contribute to current loss and impact instabilities in Z targets

Mykonos Applications

Innovative mounting scheme for MagLIF shot. A single lens was pressure fitted inside the 
magnet support structure. The imaging fiber was glued inside a tubular extension attached to a 

commercial linear translation stage. Vertical alignment was supplied via a nut-bracketed 
mounting plate on a support post. Pastel parts A-D were 3D printed. 

Plastic Optical Fiber Source Side

Sensor Side

Bench Testing

Potential Advancements

Different lens fittings were used on Z to accommodate 
hardware and load viewing requirements. Innovative design 
for mounting and installation was achieved for one 
particularly space-limited situation. Despite preparatory EMP 
testing and calculated settings, the following setups on Z 
were not successful. Using the PI Max 4, image data from 
multiple shots was either saturated, overwhelmingly noisy, or 
did not transfer to the laptop. Different camera 
accommodations are needed for further attempts on Z. 

 Input sources
• Arc lamp, Xenon

• 9 us FWHM
• 800 mJ

• LED with 1951 USAF 
resolution target

 Focusing lenses
• Small diameter, < 10 mm
• Objective, 20x
• Wide angle, 67° FOV 

 Fast cameras 
•  PI Max 4 1024f 

• Gate minimum: 1.28 ns
• ICCD, single frame
• 13 um pixel size
• 1 megapixel resolution

•  Phantom Veo 1310
• Gate minimum: 1 us
• CMOS, 10,000 fps (max)
• 18 um pixel size
• 1.2 megapixel resolution

2 mm

Diversify pulsed power devices and applications 
Troubleshooting MagLIF coils in vacuum

FIZ has been fielded on both Z and Mykonos to study 
magnetized liner inertial fusion (MagLIF) experiments, 
x-pinches, and the electrothermal instability (ETI).

Magnified close-up and detail of  MCL-2000-24 
plastic optical fiber, 13,000 individual fibers 

~15 um diameter, fused into a 2 mm core.   

Arc lamp with focusing lens cage system. 
Detail of interior electrodes. 

Veo setup with magnifying lens (matched achromatic   
doublet pair) imaging directly to the sensor.

FOV test image with commercial lens configuration on the aperture ring. 
Image taken prior to installation on Z for MagLIF shot. 

Build different 
fiber arrays to:
•Maximize the 

sensor
•Vary time and 

views
• Illuminate, filter 

and image in 
parallel
• Increase FOV Optimize in-house production  

Mechanical polishing

~0.16 mm

Diagram of basic system for new fiber imaging diagnostic. 

Conceptual rendering of multi-view 
configuration on one sensor

A B

C

D

Hybrid x-pinch on Mykonos with 
self-emission and shadowgraphy. 
FIZ systems installed for each. 
Self-emission images taken with  
ICCD, 2 ns gate and 1x gain. The 
shadowgraphy laser (532 nm) has 
a pulse width of 170 ps. 

Magnifying lens

Resolution target with wide 
angle lens and LED

FOV calculation based on USAF resolution target 

Arc lamp images with a 6 mm diameter focusing lens; 11 mm focal length. Based on electrode image, FOV 
was ~6 mm. DG triggered the lamp and PI Max 4 camera. Increasing the delay time shifted the exposure to 

capture the plasma at different stages of the arc.   

3 mm

Delay:       4000 ns
Gate:             10 ns

4500 ns
9 ns

4750 ns
7 ns

6500 ns
5 ns

Arc lamp

Camera signal

DG trigger

Approximate peak 
at  9400 ns

 In-house fiber production 
(cutting, connectorizing and polishing)
• Laser cutting shows promise to cut and polish 

simultaneously (more work is needed)
• Custom inspection tool built to see the full face of the 

2 mm fiber with 10x magnification

EMP testing for PI Max camera at Z
• ~3.8% average noise increase from the 85kV to 90kV 

• Supplemental screening was applied to avoid data 
transfer interruptions 

Sample resolutions with PI Max 4 and different focusing lenses. 

Bench Testing

MagLIF on Z

Mykonos

(left), the primary mounting cap for different chamber 
designs (center), and a sample load with probes (right)

One example of a Mykonos 
configuration showing five of the 

backend high-current LTD cavities 

In MagLIF, a strong 
magnetic pressure implodes 
an axially pre-magnetized 
and laser pre-heated fusion 
fuel in order to achieve 
thermonuclear conditions. 
The axial magnetic field 
enhances trapping of alpha
particles while reducing thermal conduction losses to the liner 
during the implosion. Instabilities such as magneto Rayleigh-
Taylor (MRT) challenge further advancement.

Return current 
posts

Z target

Interchangeable vacuum chambers allow 
for a variety of experimental designs.

Relation of wire to emission for nickel wire at 380 ns machine time. 

Pre-shot with LED backlight Self emission Overlap of pre-shot and emission

Machine time:                    375 ns

Molybdenum Nickel Nickel

380 ns 390 ns

Self-emission for different times during x-pinch studies. Peak current at ~430 ns machine time. 

(Left) Sample of 
shadowgraphy 
image path. 
(Right) Canon 
CMOS, open 
exposure for 170 ps 
laser pulse during nickel wire x-pinch.

Pre-shot 380 ns
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Imaging Goals for Pulsed Power

 Versatile high resolution fiber imaging system
 Fast and easy installation
 Image multiple positions simultaneously

A compact and adaptable imaging system is presented as a 
technique to capture self-emission events in extreme 
environments. The concept was initiated as a tool for the Z 
machine; subsequently the project was named Fiber Imaging 
on Z (FIZ). The FIZ design utilizes a commercial plastic 
optical fiber (POF) coupled between two lens configurations. 
A focusing lens forms an image onto the face of the 
transmitting POF. At the receiving end, a magnifying lens 
projects the transmission onto a gated sensor. 

 MCL-2000-24 (Asahi Kasei Corporation)
• Core: polymethyl methacrylate (PMMA)  
• Jacket: polyethylene (PE)
• 13,000 individual fibers, each core ~15 micron in diameter
• 2 mm diameter fused core, 2.4 mm diameter with jacket
• Step-index multimode
• Transmission rate

• 4.97 ns/m

• Attenuation
• ~0.1 dB/m (450-600 nm)
• Higher loss below 450 nm

and above 600 nm

• 0.5 NA
• 1.49 refractive index

Mykonos is a linear transformer driver (LTD) accelerator 
capable of 1 MA and 100 kV in ~100 ns. High-current modular 
cavities are 3 meters in diameter and are water insulated. 

 Observe the formation of low-density plasmas that may 
contribute to current loss and impact instabilities in Z targets

Mykonos Applications

Innovative mounting scheme for MagLIF shot. A single lens was pressure fitted inside the 
magnet support structure. The imaging fiber was glued inside a tubular extension attached to a 

commercial linear translation stage. Vertical alignment was supplied via a nut-bracketed 
mounting plate on a support post. Pastel parts A-D were 3D printed. 

Plastic Optical Fiber Source Side

Sensor Side

Bench Testing

Potential Advancements

Different lens fittings were used on Z to accommodate 
hardware and load viewing requirements. Innovative design 
for mounting and installation was achieved for one 
particularly space-limited situation. Despite preparatory EMP 
testing and calculated settings, the following setups on Z 
were not successful. Using the PI Max 4, image data from 
multiple shots was either saturated, overwhelmingly noisy, or 
did not transfer to the laptop. Different camera 
accommodations are needed for further attempts on Z. 

 Input sources
• Arc lamp, Xenon

• 9 us FWHM
• 800 mJ

• LED with 1951 USAF 
resolution target

 Focusing lenses
• Small diameter, < 10 mm
• Objective, 20x
• Wide angle, 67° FOV 

 Fast cameras 
•  PI Max 4 1024f 

• Gate minimum: 1.28 ns
• ICCD, single frame
• 13 um pixel size
• 1 megapixel resolution

•  Phantom Veo 1310
• Gate minimum: 1 us
• CMOS, 10,000 fps (max)
• 18 um pixel size
• 1.2 megapixel resolution

2 mm

Diversify pulsed power devices and applications 
Troubleshooting MagLIF coils in vacuum

FIZ has been fielded on both Z and Mykonos to study 
magnetized liner inertial fusion (MagLIF) experiments, 
x-pinches, and the electrothermal instability (ETI).

Magnified close-up and detail of  MCL-2000-24 
plastic optical fiber, 13,000 individual fibers 

~15 um diameter, fused into a 2 mm core.   

Arc lamp with focusing lens cage system. 
Detail of interior electrodes. 

Veo setup with magnifying lens (matched achromatic   
doublet pair) imaging directly to the sensor.

FOV test image with commercial lens configuration on the aperture ring. 
Image taken prior to installation on Z for MagLIF shot. 

Build different 
fiber arrays to:
•Maximize the 

sensor
•Vary time and 

views
• Illuminate, filter 

and image in 
parallel
• Increase FOV Optimize in-house production  

Mechanical polishing

~0.16 mm

Diagram of basic system for new fiber imaging diagnostic. 

Conceptual rendering of multi-view 
configuration on one sensor

A B

C

D

Hybrid x-pinch on Mykonos with 
self-emission and shadowgraphy. 
FIZ systems installed for each. 
Self-emission images taken with  
ICCD, 2 ns gate and 1x gain. The 
shadowgraphy laser (532 nm) has 
a pulse width of 170 ps. 

Magnifying lens

Resolution target with wide 
angle lens and LED

FOV calculation based on USAF resolution target 

Arc lamp images with a 6 mm diameter focusing lens; 11 mm focal length. Based on electrode image, FOV 
was ~6 mm. DG triggered the lamp and PI Max 4 camera. Increasing the delay time shifted the exposure to 

capture the plasma at different stages of the arc.   

3 mm

Delay:       4000 ns
Gate:             10 ns

4500 ns
9 ns

4750 ns
7 ns

6500 ns
5 ns

Arc lamp

Camera signal

DG trigger

Approximate peak 
at  9400 ns

 In-house fiber production 
(cutting, connectorizing and polishing)
• Laser cutting shows promise to cut and polish 

simultaneously (more work is needed)
• Custom inspection tool built to see the full face of the 

2 mm fiber with 10x magnification

EMP testing for PI Max camera at Z
• ~3.8% average noise increase from the 85kV to 90kV 

• Supplemental screening was applied to avoid data 
transfer interruptions 

Sample resolutions with PI Max 4 and different focusing lenses. 

Bench Testing

MagLIF on Z

Mykonos

(left), the primary mounting cap for different chamber 
designs (center), and a sample load with probes (right)

One example of a Mykonos 
configuration showing five of the 

backend high-current LTD cavities 

In MagLIF, a strong 
magnetic pressure implodes 
an axially pre-magnetized 
and laser pre-heated fusion 
fuel in order to achieve 
thermonuclear conditions. 
The axial magnetic field 
enhances trapping of alpha
particles while reducing thermal conduction losses to the liner 
during the implosion. Instabilities such as magneto Rayleigh-
Taylor (MRT) challenge further advancement.

Return current 
posts

Z target

Interchangeable vacuum chambers allow 
for a variety of experimental designs.

Relation of wire to emission for nickel wire at 380 ns machine time. 

Pre-shot with LED backlight Self emission Overlap of pre-shot and emission

Machine time:                    375 ns

Molybdenum Nickel Nickel

380 ns 390 ns

Self-emission for different times during x-pinch studies. Peak current at ~430 ns machine time. 

(Left) Sample of 
shadowgraphy 
image path. 
(Right) Canon 
CMOS, open 
exposure for 170 ps 
laser pulse during nickel wire x-pinch.

Pre-shot 380 ns
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Imaging Goals for Pulsed Power

 Versatile high resolution fiber imaging system
 Fast and easy installation
 Image multiple positions simultaneously

A compact and adaptable imaging system is presented as a 
technique to capture self-emission events in extreme 
environments. The concept was initiated as a tool for the Z 
machine; subsequently the project was named Fiber Imaging 
on Z (FIZ). The FIZ design utilizes a commercial plastic 
optical fiber (POF) coupled between two lens configurations. 
A focusing lens forms an image onto the face of the 
transmitting POF. At the receiving end, a magnifying lens 
projects the transmission onto a gated sensor. 

 MCL-2000-24 (Asahi Kasei Corporation)
• Core: polymethyl methacrylate (PMMA)  
• Jacket: polyethylene (PE)
• 13,000 individual fibers, each core ~15 micron in diameter
• 2 mm diameter fused core, 2.4 mm diameter with jacket
• Step-index multimode
• Transmission rate

• 4.97 ns/m

• Attenuation
• ~0.1 dB/m (450-600 nm)
• Higher loss below 450 nm

and above 600 nm

• 0.5 NA
• 1.49 refractive index

Mykonos is a linear transformer driver (LTD) accelerator 
capable of 1 MA and 100 kV in ~100 ns. High-current modular 
cavities are 3 meters in diameter and are water insulated. 

 Observe the formation of low-density plasmas that may 
contribute to current loss and impact instabilities in Z targets

Mykonos Applications

Innovative mounting scheme for MagLIF shot. A single lens was pressure fitted inside the 
magnet support structure. The imaging fiber was glued inside a tubular extension attached to a 

commercial linear translation stage. Vertical alignment was supplied via a nut-bracketed 
mounting plate on a support post. Pastel parts A-D were 3D printed. 

Plastic Optical Fiber Source Side

Sensor Side

Bench Testing

Potential Advancements

Different lens fittings were used on Z to accommodate 
hardware and load viewing requirements. Innovative design 
for mounting and installation was achieved for one 
particularly space-limited situation. Despite preparatory EMP 
testing and calculated settings, the following setups on Z 
were not successful. Using the PI Max 4, image data from 
multiple shots was either saturated, overwhelmingly noisy, or 
did not transfer to the laptop. Different camera 
accommodations are needed for further attempts on Z. 

 Input sources
• Arc lamp, Xenon

• 9 us FWHM
• 800 mJ

• LED with 1951 USAF 
resolution target

 Focusing lenses
• Small diameter, < 10 mm
• Objective, 20x
• Wide angle, 67° FOV 

 Fast cameras 
•  PI Max 4 1024f 

• Gate minimum: 1.28 ns
• ICCD, single frame
• 13 um pixel size
• 1 megapixel resolution

•  Phantom Veo 1310
• Gate minimum: 1 us
• CMOS, 10,000 fps (max)
• 18 um pixel size
• 1.2 megapixel resolution

2 mm

Diversify pulsed power devices and applications 
Troubleshooting MagLIF coils in vacuum

FIZ has been fielded on both Z and Mykonos to study 
magnetized liner inertial fusion (MagLIF) experiments, 
x-pinches, and the electrothermal instability (ETI).

Magnified close-up and detail of  MCL-2000-24 
plastic optical fiber, 13,000 individual fibers 

~15 um diameter, fused into a 2 mm core.   

Arc lamp with focusing lens cage system. 
Detail of interior electrodes. 

Veo setup with magnifying lens (matched achromatic   
doublet pair) imaging directly to the sensor.

FOV test image with commercial lens configuration on the aperture ring. 
Image taken prior to installation on Z for MagLIF shot. 

Build different 
fiber arrays to:
•Maximize the 

sensor
•Vary time and 

views
• Illuminate, filter 

and image in 
parallel
• Increase FOV Optimize in-house production  

Mechanical polishing

~0.16 mm

Diagram of basic system for new fiber imaging diagnostic. 

Conceptual rendering of multi-view 
configuration on one sensor

A B

C

D

Hybrid x-pinch on Mykonos with 
self-emission and shadowgraphy. 
FIZ systems installed for each. 
Self-emission images taken with  
ICCD, 2 ns gate and 1x gain. The 
shadowgraphy laser (532 nm) has 
a pulse width of 170 ps. 

Magnifying lens

Resolution target with wide 
angle lens and LED

FOV calculation based on USAF resolution target 

Arc lamp images with a 6 mm diameter focusing lens; 11 mm focal length. Based on electrode image, FOV 
was ~6 mm. DG triggered the lamp and PI Max 4 camera. Increasing the delay time shifted the exposure to 

capture the plasma at different stages of the arc.   

3 mm

Delay:       4000 ns
Gate:             10 ns

4500 ns
9 ns

4750 ns
7 ns

6500 ns
5 ns

Arc lamp

Camera signal

DG trigger

Approximate peak 
at  9400 ns

 In-house fiber production 
(cutting, connectorizing and polishing)
• Laser cutting shows promise to cut and polish 

simultaneously (more work is needed)
• Custom inspection tool built to see the full face of the 

2 mm fiber with 10x magnification

EMP testing for PI Max camera at Z
• ~3.8% average noise increase from the 85kV to 90kV 

• Supplemental screening was applied to avoid data 
transfer interruptions 

Sample resolutions with PI Max 4 and different focusing lenses. 

Bench Testing

MagLIF on Z

Mykonos

(left), the primary mounting cap for different chamber 
designs (center), and a sample load with probes (right)

One example of a Mykonos 
configuration showing five of the 

backend high-current LTD cavities 

In MagLIF, a strong 
magnetic pressure implodes 
an axially pre-magnetized 
and laser pre-heated fusion 
fuel in order to achieve 
thermonuclear conditions. 
The axial magnetic field 
enhances trapping of alpha
particles while reducing thermal conduction losses to the liner 
during the implosion. Instabilities such as magneto Rayleigh-
Taylor (MRT) challenge further advancement.

Return current 
posts

Z target

Interchangeable vacuum chambers allow 
for a variety of experimental designs.

Relation of wire to emission for nickel wire at 380 ns machine time. 

Pre-shot with LED backlight Self emission Overlap of pre-shot and emission

Machine time:                    375 ns

Molybdenum Nickel Nickel

380 ns 390 ns

Self-emission for different times during x-pinch studies. Peak current at ~430 ns machine time. 

(Left) Sample of 
shadowgraphy 
image path. 
(Right) Canon 
CMOS, open 
exposure for 170 ps 
laser pulse during nickel wire x-pinch.

Pre-shot 380 ns

http://www.facebook.com/pages/PosterPresentationscom/217914411419?v=app_4949752878&ref=ts


QU ICK  START  ( con t . )

How to change the template color theme
You can easily change the color theme of your poster by going to the 
DESIGN menu, click on COLORS, and choose the color theme of your 
choice. You can also create your own color theme.

You can also manually change the color of your background by going to 
VIEW > SLIDE MASTER.  After you finish working on the master be sure to 
go to VIEW > NORMAL to continue working on your poster.

How to add Text
The template comes with a number of pre-
formatted placeholders for headers and text 
blocks. You can add more blocks by copying and 
pasting the existing ones or by adding a text box 
from the HOME menu. 

 Text size
Adjust the size of your text based on how much content you have to 
present. The default template text offers a good starting point. Follow 
the conference requirements.

How to add Tables
To add a table from scratch go to the INSERT menu and 
click on TABLE. A drop-down box will help you select rows 
and columns. 

You can also copy and a paste a table from Word or another PowerPoint 
document. A pasted table may need to be re-formatted by RIGHT-CLICK > 
FORMAT SHAPE, TEXT BOX, Margins.

Graphs / Charts
You can simply copy and paste charts and graphs from Excel or Word. 
Some reformatting may be required depending on how the original 
document has been created.

How to change the column configuration
RIGHT-CLICK on the poster background and select LAYOUT to see the 
column options available for this template. The poster columns can also 
be customized on the Master. VIEW > MASTER.

How to remove the info bars
If you are working in PowerPoint for Windows and have finished your 
poster, save as PDF and the bars will not be included. You can also 
delete them by going to VIEW > MASTER. On the Mac adjust the Page-
Setup to match the Page-Setup in PowerPoint before you create a PDF. 
You can also delete them from the Slide Master.

Save your work
Save your template as a PowerPoint document. For printing, save as 
PowerPoint or “Print-quality” PDF.

Print your poster
When you are ready to have your poster printed go online to 
PosterPresentations.com and click on the “Order Your Poster” button. 
Choose the poster type the best suits your needs and submit your order. 
If you submit a PowerPoint document you will be receiving a PDF proof 
for your approval prior to printing. If your order is placed and paid for 
before noon, Pacific, Monday through Friday, your order will ship out 
that same day. Next day, Second day, Third day, and Free Ground 
services are offered. Go to PosterPresentations.com for more 
information.

Student discounts are available on our Facebook page.
Go to PosterPresentations.com and click on the FB icon. 

© 2013 PosterPresentations.com
    2117 Fourth Street , Unit C        
     Berkeley CA 94710
    posterpresenter@gmail.com

(—THIS SIDEBAR DOES NOT PRINT—)
DES IGN  GU IDE

This PowerPoint 2007 template produces a 36”x48” 
presentation poster. You can use it to create your research 
poster and save valuable time placing titles, subtitles, text, 
and graphics. 

We provide a series of online tutorials that will guide you 
through the poster design process and answer your poster 
production questions. To view our template tutorials, go 
online to PosterPresentations.com and click on HELP DESK.

When you are ready to print your poster, go online to 
PosterPresentations.com

Need assistance? Call us at 1.510.649.3001

QU ICK  START

Zoom in and out
As you work on your poster zoom in and out to the level 
that is more comfortable to you. 
Go to VIEW > ZOOM.

Title, Authors, and Affiliations
Start designing your poster by adding the title, the names of the authors, 
and the affiliated institutions. You can type or paste text into the 
provided boxes. The template will automatically adjust the size of your 
text to fit the title box. You can manually override this feature and 
change the size of your text. 

TIP: The font size of your title should be bigger than your name(s) and 
institution name(s).

Adding Logos / Seals
Most often, logos are added on each side of the title. You can insert a 
logo by dragging and dropping it from your desktop, copy and paste or by 
going to INSERT > PICTURES. Logos taken from web sites are likely to be 
low quality when printed. Zoom it at 100% to see what the logo will look 
like on the final poster and make any necessary adjustments.  

TIP:  See if your school’s logo is available on our free poster templates 
page.

Photographs / Graphics
You can add images by dragging and dropping from your desktop, copy 
and paste, or by going to INSERT > PICTURES. Resize images 
proportionally by holding down the SHIFT key and dragging one of the 
corner handles. For a professional-looking poster, do not distort your 
images by enlarging them disproportionally.

Image Quality Check
Zoom in and look at your images at 100% magnification. If they look good 
they will print well. 

ORIGINAL DISTORTED
Corner handles

Go
od

 p
rin

tin
g 

qu
al

ity

Ba
d 

pr
in

tin
g 

qu
al

ity

RESEARCH POSTER PRESENTATION DESIGN © 2015

www.PosterPresentations.com

2.2 cm

~1-3 mm 
gap

~100 -120 um 
wire

Cathode

Anode

Diagnostic Goals

K.W. Fulforda,b, D. A. Yager-Elorriagaa, S. Patela, M. M. Montoyaa, T. Aoa, M. A. Gilmoreb

(a) Sandia National Laboratories, (b) University of New Mexico

High resolution fiber imaging for pulsed power experiments

FIZ Diagnostic Development Z Applications

Acknowledgement of project contributors and supporters: M. Lowinske, S. Dean, C. Ball, L. Lucero, R. Obregon, D. Lamppa, M. Hatch, D. Scoglietti, S. Payne, D. Bliss, K. Chandler
Sandia National Laboratories is a multi-mission laboratory managed and operated by National Technology and Engineering Solutions of Sandia, LLC, a wholly owned subsidiary of Honeywell International, Inc., for the U.S. Department of Energy’s National Nuclear Security Administration under contract DE-NA0003525.

Imaging Goals for Pulsed Power

 Versatile high resolution fiber imaging system
 Fast and easy installation
 Image multiple positions simultaneously

A compact and adaptable imaging system is presented as a 
technique to capture self-emission events in extreme 
environments. The concept was initiated as a tool for the Z 
machine; subsequently the project was named Fiber Imaging 
on Z (FIZ). The FIZ design utilizes a commercial plastic 
optical fiber (POF) coupled between two lens configurations. 
A focusing lens forms an image onto the face of the 
transmitting POF. At the receiving end, a magnifying lens 
projects the transmission onto a gated sensor. 

 MCL-2000-24 (Asahi Kasei Corporation)
• Core: polymethyl methacrylate (PMMA)  
• Jacket: polyethylene (PE)
• 13,000 individual fibers, each core ~15 micron in diameter
• 2 mm diameter fused core, 2.4 mm diameter with jacket
• Step-index multimode
• Transmission rate

• 4.97 ns/m

• Attenuation
• ~0.1 dB/m (450-600 nm)
• Higher loss below 450 nm

and above 600 nm

• 0.5 NA
• 1.49 refractive index

Mykonos is a linear transformer driver (LTD) accelerator 
capable of 1 MA and 100 kV in ~100 ns. High-current modular 
cavities are 3 meters in diameter and are water insulated. 

 Observe the formation of low-density plasmas that may 
contribute to current loss and impact instabilities in Z targets

Mykonos Applications

Innovative mounting scheme for MagLIF shot. A single lens was pressure fitted inside the 
magnet support structure. The imaging fiber was glued inside a tubular extension attached to a 

commercial linear translation stage. Vertical alignment was supplied via a nut-bracketed 
mounting plate on a support post. Pastel parts A-D were 3D printed. 

Plastic Optical Fiber Source Side

Sensor Side

Bench Testing

Potential Advancements

Different lens fittings were used on Z to accommodate 
hardware and load viewing requirements. Innovative design 
for mounting and installation was achieved for one 
particularly space-limited situation. Despite preparatory EMP 
testing and calculated settings, the following setups on Z 
were not successful. Using the PI Max 4, image data from 
multiple shots was either saturated, overwhelmingly noisy, or 
did not transfer to the laptop. Different camera 
accommodations are needed for further attempts on Z. 

 Input sources
• Arc lamp, Xenon

• 9 us FWHM
• 800 mJ

• LED with 1951 USAF 
resolution target

 Focusing lenses
• Small diameter, < 10 mm
• Objective, 20x
• Wide angle, 67° FOV 

 Fast cameras 
•  PI Max 4 1024f 

• Gate minimum: 1.28 ns
• ICCD, single frame
• 13 um pixel size
• 1 megapixel resolution

•  Phantom Veo 1310
• Gate minimum: 1 us
• CMOS, 10,000 fps (max)
• 18 um pixel size
• 1.2 megapixel resolution

2 mm

Diversify pulsed power devices and applications 
Troubleshooting MagLIF coils in vacuum

FIZ has been fielded on both Z and Mykonos to study 
magnetized liner inertial fusion (MagLIF) experiments, 
x-pinches, and the electrothermal instability (ETI).

Magnified close-up and detail of  MCL-2000-24 
plastic optical fiber, 13,000 individual fibers 

~15 um diameter, fused into a 2 mm core.   

Arc lamp with focusing lens cage system. 
Detail of interior electrodes. 

Veo setup with magnifying lens (matched achromatic   
doublet pair) imaging directly to the sensor.

FOV test image with commercial lens configuration on the aperture ring. 
Image taken prior to installation on Z for MagLIF shot. 

Build different 
fiber arrays to:
•Maximize the 

sensor
•Vary time and 

views
• Illuminate, filter 

and image in 
parallel
• Increase FOV Optimize in-house production  

Mechanical polishing

~0.16 mm

Diagram of basic system for new fiber imaging diagnostic. 

Conceptual rendering of multi-view 
configuration on one sensor

A B

C

D

Hybrid x-pinch on Mykonos with 
self-emission and shadowgraphy. 
FIZ systems installed for each. 
Self-emission images taken with  
ICCD, 2 ns gate and 1x gain. The 
shadowgraphy laser (532 nm) has 
a pulse width of 170 ps. 

Magnifying lens

Resolution target with wide 
angle lens and LED

FOV calculation based on USAF resolution target 

Arc lamp images with a 6 mm diameter focusing lens; 11 mm focal length. Based on electrode image, FOV 
was ~6 mm. DG triggered the lamp and PI Max 4 camera. Increasing the delay time shifted the exposure to 

capture the plasma at different stages of the arc.   

3 mm

Delay:       4000 ns
Gate:             10 ns

4500 ns
9 ns

4750 ns
7 ns

6500 ns
5 ns

Arc lamp

Camera signal

DG trigger

Approximate peak 
at  9400 ns

 In-house fiber production 
(cutting, connectorizing and polishing)
• Laser cutting shows promise to cut and polish 

simultaneously (more work is needed)
• Custom inspection tool built to see the full face of the 

2 mm fiber with 10x magnification

EMP testing for PI Max camera at Z
• ~3.8% average noise increase from the 85kV to 90kV 

• Supplemental screening was applied to avoid data 
transfer interruptions 

Sample resolutions with PI Max 4 and different focusing lenses. 

Bench Testing

MagLIF on Z

Mykonos

(left), the primary mounting cap for different chamber 
designs (center), and a sample load with probes (right)

One example of a Mykonos 
configuration showing five of the 

backend high-current LTD cavities 

In MagLIF, a strong 
magnetic pressure implodes 
an axially pre-magnetized 
and laser pre-heated fusion 
fuel in order to achieve 
thermonuclear conditions. 
The axial magnetic field 
enhances trapping of alpha
particles while reducing thermal conduction losses to the liner 
during the implosion. Instabilities such as magneto Rayleigh-
Taylor (MRT) challenge further advancement.

Return current 
posts

Z target

Interchangeable vacuum chambers allow 
for a variety of experimental designs.

Relation of wire to emission for nickel wire at 380 ns machine time. 

Pre-shot with LED backlight Self emission Overlap of pre-shot and emission

Machine time:                    375 ns

Molybdenum Nickel Nickel

380 ns 390 ns

Self-emission for different times during x-pinch studies. Peak current at ~430 ns machine time. 

(Left) Sample of 
shadowgraphy 
image path. 
(Right) Canon 
CMOS, open 
exposure for 170 ps 
laser pulse during nickel wire x-pinch.

Pre-shot 380 ns
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Imaging Goals for Pulsed Power

 Versatile high resolution fiber imaging system
 Fast and easy installation
 Image multiple positions simultaneously

A compact and adaptable imaging system is presented as a 
technique to capture self-emission events in extreme 
environments. The concept was initiated as a tool for the Z 
machine; subsequently the project was named Fiber Imaging 
on Z (FIZ). The FIZ design utilizes a commercial plastic 
optical fiber (POF) coupled between two lens configurations. 
A focusing lens forms an image onto the face of the 
transmitting POF. At the receiving end, a magnifying lens 
projects the transmission onto a gated sensor. 

 MCL-2000-24 (Asahi Kasei Corporation)
• Core: polymethyl methacrylate (PMMA)  
• Jacket: polyethylene (PE)
• 13,000 individual fibers, each core ~15 micron in diameter
• 2 mm diameter fused core, 2.4 mm diameter with jacket
• Step-index multimode
• Transmission rate

• 4.97 ns/m

• Attenuation
• ~0.1 dB/m (450-600 nm)
• Higher loss below 450 nm

and above 600 nm

• 0.5 NA
• 1.49 refractive index

Mykonos is a linear transformer driver (LTD) accelerator 
capable of 1 MA and 100 kV in ~100 ns. High-current modular 
cavities are 3 meters in diameter and are water insulated. 

 Observe the formation of low-density plasmas that may 
contribute to current loss and impact instabilities in Z targets

Mykonos Applications

Innovative mounting scheme for MagLIF shot. A single lens was pressure fitted inside the 
magnet support structure. The imaging fiber was glued inside a tubular extension attached to a 

commercial linear translation stage. Vertical alignment was supplied via a nut-bracketed 
mounting plate on a support post. Pastel parts A-D were 3D printed. 

Plastic Optical Fiber Source Side

Sensor Side

Bench Testing

Potential Advancements

Different lens fittings were used on Z to accommodate 
hardware and load viewing requirements. Innovative design 
for mounting and installation was achieved for one 
particularly space-limited situation. Despite preparatory EMP 
testing and calculated settings, the following setups on Z 
were not successful. Using the PI Max 4, image data from 
multiple shots was either saturated, overwhelmingly noisy, or 
did not transfer to the laptop. Different camera 
accommodations are needed for further attempts on Z. 

 Input sources
• Arc lamp, Xenon

• 9 us FWHM
• 800 mJ

• LED with 1951 USAF 
resolution target

 Focusing lenses
• Small diameter, < 10 mm
• Objective, 20x
• Wide angle, 67° FOV 

 Fast cameras 
•  PI Max 4 1024f 

• Gate minimum: 1.28 ns
• ICCD, single frame
• 13 um pixel size
• 1 megapixel resolution

•  Phantom Veo 1310
• Gate minimum: 1 us
• CMOS, 10,000 fps (max)
• 18 um pixel size
• 1.2 megapixel resolution

2 mm

Diversify pulsed power devices and applications 
Troubleshooting MagLIF coils in vacuum

FIZ has been fielded on both Z and Mykonos to study 
magnetized liner inertial fusion (MagLIF) experiments, 
x-pinches, and the electrothermal instability (ETI).

Magnified close-up and detail of  MCL-2000-24 
plastic optical fiber, 13,000 individual fibers 

~15 um diameter, fused into a 2 mm core.   

Arc lamp with focusing lens cage system. 
Detail of interior electrodes. 

Veo setup with magnifying lens (matched achromatic   
doublet pair) imaging directly to the sensor.

FOV test image with commercial lens configuration on the aperture ring. 
Image taken prior to installation on Z for MagLIF shot. 

Build different 
fiber arrays to:
•Maximize the 

sensor
•Vary time and 

views
• Illuminate, filter 

and image in 
parallel
• Increase FOV Optimize in-house production  

Mechanical polishing

~0.16 mm

Diagram of basic system for new fiber imaging diagnostic. 

Conceptual rendering of multi-view 
configuration on one sensor

A B

C

D

Hybrid x-pinch on Mykonos with 
self-emission and shadowgraphy. 
FIZ systems installed for each. 
Self-emission images taken with  
ICCD, 2 ns gate and 1x gain. The 
shadowgraphy laser (532 nm) has 
a pulse width of 170 ps. 

Magnifying lens

Resolution target with wide 
angle lens and LED

FOV calculation based on USAF resolution target 

Arc lamp images with a 6 mm diameter focusing lens; 11 mm focal length. Based on electrode image, FOV 
was ~6 mm. DG triggered the lamp and PI Max 4 camera. Increasing the delay time shifted the exposure to 

capture the plasma at different stages of the arc.   

3 mm

Delay:       4000 ns
Gate:             10 ns

4500 ns
9 ns

4750 ns
7 ns

6500 ns
5 ns

Arc lamp

Camera signal

DG trigger

Approximate peak 
at  9400 ns

 In-house fiber production 
(cutting, connectorizing and polishing)
• Laser cutting shows promise to cut and polish 

simultaneously (more work is needed)
• Custom inspection tool built to see the full face of the 

2 mm fiber with 10x magnification

EMP testing for PI Max camera at Z
• ~3.8% average noise increase from the 85kV to 90kV 

• Supplemental screening was applied to avoid data 
transfer interruptions 

Sample resolutions with PI Max 4 and different focusing lenses. 

Bench Testing

MagLIF on Z

Mykonos

(left), the primary mounting cap for different chamber 
designs (center), and a sample load with probes (right)

One example of a Mykonos 
configuration showing five of the 

backend high-current LTD cavities 

In MagLIF, a strong 
magnetic pressure implodes 
an axially pre-magnetized 
and laser pre-heated fusion 
fuel in order to achieve 
thermonuclear conditions. 
The axial magnetic field 
enhances trapping of alpha
particles while reducing thermal conduction losses to the liner 
during the implosion. Instabilities such as magneto Rayleigh-
Taylor (MRT) challenge further advancement.

Return current 
posts

Z target

Interchangeable vacuum chambers allow 
for a variety of experimental designs.

Relation of wire to emission for nickel wire at 380 ns machine time. 

Pre-shot with LED backlight Self emission Overlap of pre-shot and emission

Machine time:                    375 ns

Molybdenum Nickel Nickel

380 ns 390 ns

Self-emission for different times during x-pinch studies. Peak current at ~430 ns machine time. 

(Left) Sample of 
shadowgraphy 
image path. 
(Right) Canon 
CMOS, open 
exposure for 170 ps 
laser pulse during nickel wire x-pinch.

Pre-shot 380 ns
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Imaging Goals for Pulsed Power

 Versatile high resolution fiber imaging system
 Fast and easy installation
 Image multiple positions simultaneously

A compact and adaptable imaging system is presented as a 
technique to capture self-emission events in extreme 
environments. The concept was initiated as a tool for the Z 
machine; subsequently the project was named Fiber Imaging 
on Z (FIZ). The FIZ design utilizes a commercial plastic 
optical fiber (POF) coupled between two lens configurations. 
A focusing lens forms an image onto the face of the 
transmitting POF. At the receiving end, a magnifying lens 
projects the transmission onto a gated sensor. 

 MCL-2000-24 (Asahi Kasei Corporation)
• Core: polymethyl methacrylate (PMMA)  
• Jacket: polyethylene (PE)
• 13,000 individual fibers, each core ~15 micron in diameter
• 2 mm diameter fused core, 2.4 mm diameter with jacket
• Step-index multimode
• Transmission rate

• 4.97 ns/m

• Attenuation
• ~0.1 dB/m (450-600 nm)
• Higher loss below 450 nm

and above 600 nm

• 0.5 NA
• 1.49 refractive index

Mykonos is a linear transformer driver (LTD) accelerator 
capable of 1 MA and 100 kV in ~100 ns. High-current modular 
cavities are 3 meters in diameter and are water insulated. 

 Observe the formation of low-density plasmas that may 
contribute to current loss and impact instabilities in Z targets

Mykonos Applications

Innovative mounting scheme for MagLIF shot. A single lens was pressure fitted inside the 
magnet support structure. The imaging fiber was glued inside a tubular extension attached to a 

commercial linear translation stage. Vertical alignment was supplied via a nut-bracketed 
mounting plate on a support post. Pastel parts A-D were 3D printed. 

Plastic Optical Fiber Source Side

Sensor Side

Bench Testing

Potential Advancements

Different lens fittings were used on Z to accommodate 
hardware and load viewing requirements. Innovative design 
for mounting and installation was achieved for one 
particularly space-limited situation. Despite preparatory EMP 
testing and calculated settings, the following setups on Z 
were not successful. Using the PI Max 4, image data from 
multiple shots was either saturated, overwhelmingly noisy, or 
did not transfer to the laptop. Different camera 
accommodations are needed for further attempts on Z. 

 Input sources
• Arc lamp, Xenon

• 9 us FWHM
• 800 mJ

• LED with 1951 USAF 
resolution target

 Focusing lenses
• Small diameter, < 10 mm
• Objective, 20x
• Wide angle, 67° FOV 

 Fast cameras 
•  PI Max 4 1024f 

• Gate minimum: 1.28 ns
• ICCD, single frame
• 13 um pixel size
• 1 megapixel resolution

•  Phantom Veo 1310
• Gate minimum: 1 us
• CMOS, 10,000 fps (max)
• 18 um pixel size
• 1.2 megapixel resolution

2 mm

Diversify pulsed power devices and applications 
Troubleshooting MagLIF coils in vacuum

FIZ has been fielded on both Z and Mykonos to study 
magnetized liner inertial fusion (MagLIF) experiments, 
x-pinches, and the electrothermal instability (ETI).

Magnified close-up and detail of  MCL-2000-24 
plastic optical fiber, 13,000 individual fibers 

~15 um diameter, fused into a 2 mm core.   

Arc lamp with focusing lens cage system. 
Detail of interior electrodes. 

Veo setup with magnifying lens (matched achromatic   
doublet pair) imaging directly to the sensor.

FOV test image with commercial lens configuration on the aperture ring. 
Image taken prior to installation on Z for MagLIF shot. 

Build different 
fiber arrays to:
•Maximize the 

sensor
•Vary time and 

views
• Illuminate, filter 

and image in 
parallel
• Increase FOV Optimize in-house production  

Mechanical polishing

~0.16 mm

Diagram of basic system for new fiber imaging diagnostic. 

Conceptual rendering of multi-view 
configuration on one sensor

A B

C

D

Hybrid x-pinch on Mykonos with 
self-emission and shadowgraphy. 
FIZ systems installed for each. 
Self-emission images taken with  
ICCD, 2 ns gate and 1x gain. The 
shadowgraphy laser (532 nm) has 
a pulse width of 170 ps. 

Magnifying lens

Resolution target with wide 
angle lens and LED

FOV calculation based on USAF resolution target 

Arc lamp images with a 6 mm diameter focusing lens; 11 mm focal length. Based on electrode image, FOV 
was ~6 mm. DG triggered the lamp and PI Max 4 camera. Increasing the delay time shifted the exposure to 

capture the plasma at different stages of the arc.   

3 mm

Delay:       4000 ns
Gate:             10 ns

4500 ns
9 ns

4750 ns
7 ns

6500 ns
5 ns

Arc lamp

Camera signal

DG trigger

Approximate peak 
at  9400 ns

 In-house fiber production 
(cutting, connectorizing and polishing)
• Laser cutting shows promise to cut and polish 

simultaneously (more work is needed)
• Custom inspection tool built to see the full face of the 

2 mm fiber with 10x magnification

EMP testing for PI Max camera at Z
• ~3.8% average noise increase from the 85kV to 90kV 

• Supplemental screening was applied to avoid data 
transfer interruptions 

Sample resolutions with PI Max 4 and different focusing lenses. 

Bench Testing

MagLIF on Z

Mykonos

(left), the primary mounting cap for different chamber 
designs (center), and a sample load with probes (right)

One example of a Mykonos 
configuration showing five of the 

backend high-current LTD cavities 

In MagLIF, a strong 
magnetic pressure implodes 
an axially pre-magnetized 
and laser pre-heated fusion 
fuel in order to achieve 
thermonuclear conditions. 
The axial magnetic field 
enhances trapping of alpha
particles while reducing thermal conduction losses to the liner 
during the implosion. Instabilities such as magneto Rayleigh-
Taylor (MRT) challenge further advancement.

Return current 
posts

Z target

Interchangeable vacuum chambers allow 
for a variety of experimental designs.

Relation of wire to emission for nickel wire at 380 ns machine time. 

Pre-shot with LED backlight Self emission Overlap of pre-shot and emission

Machine time:                    375 ns

Molybdenum Nickel Nickel

380 ns 390 ns

Self-emission for different times during x-pinch studies. Peak current at ~430 ns machine time. 

(Left) Sample of 
shadowgraphy 
image path. 
(Right) Canon 
CMOS, open 
exposure for 170 ps 
laser pulse during nickel wire x-pinch.

Pre-shot 380 ns
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Imaging Goals for Pulsed Power

 Versatile high resolution fiber imaging system
 Fast and easy installation
 Image multiple positions simultaneously

A compact and adaptable imaging system is presented as a 
technique to capture self-emission events in extreme 
environments. The concept was initiated as a tool for the Z 
machine; subsequently the project was named Fiber Imaging 
on Z (FIZ). The FIZ design utilizes a commercial plastic 
optical fiber (POF) coupled between two lens configurations. 
A focusing lens forms an image onto the face of the 
transmitting POF. At the receiving end, a magnifying lens 
projects the transmission onto a gated sensor. 

 MCL-2000-24 (Asahi Kasei Corporation)
• Core: polymethyl methacrylate (PMMA)  
• Jacket: polyethylene (PE)
• 13,000 individual fibers, each core ~15 micron in diameter
• 2 mm diameter fused core, 2.4 mm diameter with jacket
• Step-index multimode
• Transmission rate

• 4.97 ns/m

• Attenuation
• ~0.1 dB/m (450-600 nm)
• Higher loss below 450 nm

and above 600 nm

• 0.5 NA
• 1.49 refractive index

Mykonos is a linear transformer driver (LTD) accelerator 
capable of 1 MA and 100 kV in ~100 ns. High-current modular 
cavities are 3 meters in diameter and are water insulated. 

 Observe the formation of low-density plasmas that may 
contribute to current loss and impact instabilities in Z targets

Mykonos Applications

Innovative mounting scheme for MagLIF shot. A single lens was pressure fitted inside the 
magnet support structure. The imaging fiber was glued inside a tubular extension attached to a 

commercial linear translation stage. Vertical alignment was supplied via a nut-bracketed 
mounting plate on a support post. Pastel parts A-D were 3D printed. 

Plastic Optical Fiber Source Side

Sensor Side

Bench Testing

Potential Advancements

Different lens fittings were used on Z to accommodate 
hardware and load viewing requirements. Innovative design 
for mounting and installation was achieved for one 
particularly space-limited situation. Despite preparatory EMP 
testing and calculated settings, the following setups on Z 
were not successful. Using the PI Max 4, image data from 
multiple shots was either saturated, overwhelmingly noisy, or 
did not transfer to the laptop. Different camera 
accommodations are needed for further attempts on Z. 

 Input sources
• Arc lamp, Xenon

• 9 us FWHM
• 800 mJ

• LED with 1951 USAF 
resolution target

 Focusing lenses
• Small diameter, < 10 mm
• Objective, 20x
• Wide angle, 67° FOV 

 Fast cameras 
•  PI Max 4 1024f 

• Gate minimum: 1.28 ns
• ICCD, single frame
• 13 um pixel size
• 1 megapixel resolution

•  Phantom Veo 1310
• Gate minimum: 1 us
• CMOS, 10,000 fps (max)
• 18 um pixel size
• 1.2 megapixel resolution

2 mm

Diversify pulsed power devices and applications 
Troubleshooting MagLIF coils in vacuum

FIZ has been fielded on both Z and Mykonos to study 
magnetized liner inertial fusion (MagLIF) experiments, 
x-pinches, and the electrothermal instability (ETI).

Magnified close-up and detail of  MCL-2000-24 
plastic optical fiber, 13,000 individual fibers 

~15 um diameter, fused into a 2 mm core.   

Arc lamp with focusing lens cage system. 
Detail of interior electrodes. 

Veo setup with magnifying lens (matched achromatic   
doublet pair) imaging directly to the sensor.

FOV test image with commercial lens configuration on the aperture ring. 
Image taken prior to installation on Z for MagLIF shot. 

Build different 
fiber arrays to:
•Maximize the 

sensor
•Vary time and 

views
• Illuminate, filter 

and image in 
parallel
• Increase FOV Optimize in-house production  

Mechanical polishing

~0.16 mm

Diagram of basic system for new fiber imaging diagnostic. 

Conceptual rendering of multi-view 
configuration on one sensor

A B

C

D

Hybrid x-pinch on Mykonos with 
self-emission and shadowgraphy. 
FIZ systems installed for each. 
Self-emission images taken with  
ICCD, 2 ns gate and 1x gain. The 
shadowgraphy laser (532 nm) has 
a pulse width of 170 ps. 

Magnifying lens

Resolution target with wide 
angle lens and LED

FOV calculation based on USAF resolution target 

Arc lamp images with a 6 mm diameter focusing lens; 11 mm focal length. Based on electrode image, FOV 
was ~6 mm. DG triggered the lamp and PI Max 4 camera. Increasing the delay time shifted the exposure to 

capture the plasma at different stages of the arc.   

3 mm

Delay:       4000 ns
Gate:             10 ns

4500 ns
9 ns

4750 ns
7 ns

6500 ns
5 ns

Arc lamp

Camera signal

DG trigger

Approximate peak 
at  9400 ns

 In-house fiber production 
(cutting, connectorizing and polishing)
• Laser cutting shows promise to cut and polish 

simultaneously (more work is needed)
• Custom inspection tool built to see the full face of the 

2 mm fiber with 10x magnification

EMP testing for PI Max camera at Z
• ~3.8% average noise increase from the 85kV to 90kV 

• Supplemental screening was applied to avoid data 
transfer interruptions 

Sample resolutions with PI Max 4 and different focusing lenses. 

Bench Testing

MagLIF on Z

Mykonos

(left), the primary mounting cap for different chamber 
designs (center), and a sample load with probes (right)

One example of a Mykonos 
configuration showing five of the 

backend high-current LTD cavities 

In MagLIF, a strong 
magnetic pressure implodes 
an axially pre-magnetized 
and laser pre-heated fusion 
fuel in order to achieve 
thermonuclear conditions. 
The axial magnetic field 
enhances trapping of alpha
particles while reducing thermal conduction losses to the liner 
during the implosion. Instabilities such as magneto Rayleigh-
Taylor (MRT) challenge further advancement.

Return current 
posts

Z target

Interchangeable vacuum chambers allow 
for a variety of experimental designs.

Relation of wire to emission for nickel wire at 380 ns machine time. 

Pre-shot with LED backlight Self emission Overlap of pre-shot and emission

Machine time:                    375 ns

Molybdenum Nickel Nickel

380 ns 390 ns

Self-emission for different times during x-pinch studies. Peak current at ~430 ns machine time. 

(Left) Sample of 
shadowgraphy 
image path. 
(Right) Canon 
CMOS, open 
exposure for 170 ps 
laser pulse during nickel wire x-pinch.

Pre-shot 380 ns
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Imaging Goals for Pulsed Power

 Versatile high resolution fiber imaging system
 Fast and easy installation
 Image multiple positions simultaneously

A compact and adaptable imaging system is presented as a 
technique to capture self-emission events in extreme 
environments. The concept was initiated as a tool for the Z 
machine; subsequently the project was named Fiber Imaging 
on Z (FIZ). The FIZ design utilizes a commercial plastic 
optical fiber (POF) coupled between two lens configurations. 
A focusing lens forms an image onto the face of the 
transmitting POF. At the receiving end, a magnifying lens 
projects the transmission onto a gated sensor. 

 MCL-2000-24 (Asahi Kasei Corporation)
• Core: polymethyl methacrylate (PMMA)  
• Jacket: polyethylene (PE)
• 13,000 individual fibers, each core ~15 micron in diameter
• 2 mm diameter fused core, 2.4 mm diameter with jacket
• Step-index multimode
• Transmission rate

• 4.97 ns/m

• Attenuation
• ~0.1 dB/m (450-600 nm)
• Higher loss below 450 nm

and above 600 nm

• 0.5 NA
• 1.49 refractive index

Mykonos is a linear transformer driver (LTD) accelerator 
capable of 1 MA and 100 kV in ~100 ns. High-current modular 
cavities are 3 meters in diameter and are water insulated. 

 Observe the formation of low-density plasmas that may 
contribute to current loss and impact instabilities in Z targets

Mykonos Applications

Innovative mounting scheme for MagLIF shot. A single lens was pressure fitted inside the 
magnet support structure. The imaging fiber was glued inside a tubular extension attached to a 

commercial linear translation stage. Vertical alignment was supplied via a nut-bracketed 
mounting plate on a support post. Pastel parts A-D were 3D printed. 

Plastic Optical Fiber Source Side

Sensor Side

Bench Testing

Potential Advancements

Different lens fittings were used on Z to accommodate 
hardware and load viewing requirements. Innovative design 
for mounting and installation was achieved for one 
particularly space-limited situation. Despite preparatory EMP 
testing and calculated settings, the following setups on Z 
were not successful. Using the PI Max 4, image data from 
multiple shots was either saturated, overwhelmingly noisy, or 
did not transfer to the laptop. Different camera 
accommodations are needed for further attempts on Z. 

 Input sources
• Arc lamp, Xenon

• 9 us FWHM
• 800 mJ

• LED with 1951 USAF 
resolution target

 Focusing lenses
• Small diameter, < 10 mm
• Objective, 20x
• Wide angle, 67° FOV 

 Fast cameras 
•  PI Max 4 1024f 

• Gate minimum: 1.28 ns
• ICCD, single frame
• 13 um pixel size
• 1 megapixel resolution

•  Phantom Veo 1310
• Gate minimum: 1 us
• CMOS, 10,000 fps (max)
• 18 um pixel size
• 1.2 megapixel resolution

2 mm

Diversify pulsed power devices and applications 
Troubleshooting MagLIF coils in vacuum

FIZ has been fielded on both Z and Mykonos to study 
magnetized liner inertial fusion (MagLIF) experiments, 
x-pinches, and the electrothermal instability (ETI).

Magnified close-up and detail of  MCL-2000-24 
plastic optical fiber, 13,000 individual fibers 

~15 um diameter, fused into a 2 mm core.   

Arc lamp with focusing lens cage system. 
Detail of interior electrodes. 

Veo setup with magnifying lens (matched achromatic   
doublet pair) imaging directly to the sensor.

FOV test image with commercial lens configuration on the aperture ring. 
Image taken prior to installation on Z for MagLIF shot. 

Build different 
fiber arrays to:
•Maximize the 

sensor
•Vary time and 

views
• Illuminate, filter 

and image in 
parallel
• Increase FOV Optimize in-house production  

Mechanical polishing

~0.16 mm

Diagram of basic system for new fiber imaging diagnostic. 

Conceptual rendering of multi-view 
configuration on one sensor

A B

C

D

Hybrid x-pinch on Mykonos with 
self-emission and shadowgraphy. 
FIZ systems installed for each. 
Self-emission images taken with  
ICCD, 2 ns gate and 1x gain. The 
shadowgraphy laser (532 nm) has 
a pulse width of 170 ps. 

Magnifying lens

Resolution target with wide 
angle lens and LED

FOV calculation based on USAF resolution target 

Arc lamp images with a 6 mm diameter focusing lens; 11 mm focal length. Based on electrode image, FOV 
was ~6 mm. DG triggered the lamp and PI Max 4 camera. Increasing the delay time shifted the exposure to 

capture the plasma at different stages of the arc.   

3 mm

Delay:       4000 ns
Gate:             10 ns

4500 ns
9 ns

4750 ns
7 ns

6500 ns
5 ns

Arc lamp

Camera signal

DG trigger

Approximate peak 
at  9400 ns

 In-house fiber production 
(cutting, connectorizing and polishing)
• Laser cutting shows promise to cut and polish 

simultaneously (more work is needed)
• Custom inspection tool built to see the full face of the 

2 mm fiber with 10x magnification

EMP testing for PI Max camera at Z
• ~3.8% average noise increase from the 85kV to 90kV 

• Supplemental screening was applied to avoid data 
transfer interruptions 

Sample resolutions with PI Max 4 and different focusing lenses. 

Bench Testing

MagLIF on Z

Mykonos

(left), the primary mounting cap for different chamber 
designs (center), and a sample load with probes (right)

One example of a Mykonos 
configuration showing five of the 

backend high-current LTD cavities 

In MagLIF, a strong 
magnetic pressure implodes 
an axially pre-magnetized 
and laser pre-heated fusion 
fuel in order to achieve 
thermonuclear conditions. 
The axial magnetic field 
enhances trapping of alpha
particles while reducing thermal conduction losses to the liner 
during the implosion. Instabilities such as magneto Rayleigh-
Taylor (MRT) challenge further advancement.

Return current 
posts

Z target

Interchangeable vacuum chambers allow 
for a variety of experimental designs.

Relation of wire to emission for nickel wire at 380 ns machine time. 

Pre-shot with LED backlight Self emission Overlap of pre-shot and emission

Machine time:                    375 ns

Molybdenum Nickel Nickel

380 ns 390 ns

Self-emission for different times during x-pinch studies. Peak current at ~430 ns machine time. 

(Left) Sample of 
shadowgraphy 
image path. 
(Right) Canon 
CMOS, open 
exposure for 170 ps 
laser pulse during nickel wire x-pinch.

Pre-shot 380 ns
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Imaging Goals for Pulsed Power

 Versatile high resolution fiber imaging system
 Fast and easy installation
 Image multiple positions simultaneously

A compact and adaptable imaging system is presented as a 
technique to capture self-emission events in extreme 
environments. The concept was initiated as a tool for the Z 
machine; subsequently the project was named Fiber Imaging 
on Z (FIZ). The FIZ design utilizes a commercial plastic 
optical fiber (POF) coupled between two lens configurations. 
A focusing lens forms an image onto the face of the 
transmitting POF. At the receiving end, a magnifying lens 
projects the transmission onto a gated sensor. 

 MCL-2000-24 (Asahi Kasei Corporation)
• Core: polymethyl methacrylate (PMMA)  
• Jacket: polyethylene (PE)
• 13,000 individual fibers, each core ~15 micron in diameter
• 2 mm diameter fused core, 2.4 mm diameter with jacket
• Step-index multimode
• Transmission rate

• 4.97 ns/m

• Attenuation
• ~0.1 dB/m (450-600 nm)
• Higher loss below 450 nm

and above 600 nm

• 0.5 NA
• 1.49 refractive index

Mykonos is a linear transformer driver (LTD) accelerator 
capable of 1 MA and 100 kV in ~100 ns. High-current modular 
cavities are 3 meters in diameter and are water insulated. 

 Observe the formation of low-density plasmas that may 
contribute to current loss and impact instabilities in Z targets

Mykonos Applications

Innovative mounting scheme for MagLIF shot. A single lens was pressure fitted inside the 
magnet support structure. The imaging fiber was glued inside a tubular extension attached to a 

commercial linear translation stage. Vertical alignment was supplied via a nut-bracketed 
mounting plate on a support post. Pastel parts A-D were 3D printed. 

Plastic Optical Fiber Source Side

Sensor Side

Bench Testing

Potential Advancements

Different lens fittings were used on Z to accommodate 
hardware and load viewing requirements. Innovative design 
for mounting and installation was achieved for one 
particularly space-limited situation. Despite preparatory EMP 
testing and calculated settings, the following setups on Z 
were not successful. Using the PI Max 4, image data from 
multiple shots was either saturated, overwhelmingly noisy, or 
did not transfer to the laptop. Different camera 
accommodations are needed for further attempts on Z. 

 Input sources
• Arc lamp, Xenon

• 9 us FWHM
• 800 mJ

• LED with 1951 USAF 
resolution target

 Focusing lenses
• Small diameter, < 10 mm
• Objective, 20x
• Wide angle, 67° FOV 

 Fast cameras 
•  PI Max 4 1024f 

• Gate minimum: 1.28 ns
• ICCD, single frame
• 13 um pixel size
• 1 megapixel resolution

•  Phantom Veo 1310
• Gate minimum: 1 us
• CMOS, 10,000 fps (max)
• 18 um pixel size
• 1.2 megapixel resolution

2 mm

Diversify pulsed power devices and applications 
Troubleshooting MagLIF coils in vacuum

FIZ has been fielded on both Z and Mykonos to study 
magnetized liner inertial fusion (MagLIF) experiments, 
x-pinches, and the electrothermal instability (ETI).

Magnified close-up and detail of  MCL-2000-24 
plastic optical fiber, 13,000 individual fibers 

~15 um diameter, fused into a 2 mm core.   

Arc lamp with focusing lens cage system. 
Detail of interior electrodes. 

Veo setup with magnifying lens (matched achromatic   
doublet pair) imaging directly to the sensor.

FOV test image with commercial lens configuration on the aperture ring. 
Image taken prior to installation on Z for MagLIF shot. 

Build different 
fiber arrays to:
•Maximize the 

sensor
•Vary time and 

views
• Illuminate, filter 

and image in 
parallel
• Increase FOV Optimize in-house production  

Mechanical polishing

~0.16 mm

Diagram of basic system for new fiber imaging diagnostic. 

Conceptual rendering of multi-view 
configuration on one sensor

A B

C

D

Hybrid x-pinch on Mykonos with 
self-emission and shadowgraphy. 
FIZ systems installed for each. 
Self-emission images taken with  
ICCD, 2 ns gate and 1x gain. The 
shadowgraphy laser (532 nm) has 
a pulse width of 170 ps. 

Magnifying lens

Resolution target with wide 
angle lens and LED

FOV calculation based on USAF resolution target 

Arc lamp images with a 6 mm diameter focusing lens; 11 mm focal length. Based on electrode image, FOV 
was ~6 mm. DG triggered the lamp and PI Max 4 camera. Increasing the delay time shifted the exposure to 

capture the plasma at different stages of the arc.   

3 mm

Delay:       4000 ns
Gate:             10 ns

4500 ns
9 ns

4750 ns
7 ns

6500 ns
5 ns

Arc lamp

Camera signal

DG trigger

Approximate peak 
at  9400 ns

 In-house fiber production 
(cutting, connectorizing and polishing)
• Laser cutting shows promise to cut and polish 

simultaneously (more work is needed)
• Custom inspection tool built to see the full face of the 

2 mm fiber with 10x magnification

EMP testing for PI Max camera at Z
• ~3.8% average noise increase from the 85kV to 90kV 

• Supplemental screening was applied to avoid data 
transfer interruptions 

Sample resolutions with PI Max 4 and different focusing lenses. 

Bench Testing

MagLIF on Z

Mykonos

(left), the primary mounting cap for different chamber 
designs (center), and a sample load with probes (right)

One example of a Mykonos 
configuration showing five of the 

backend high-current LTD cavities 

In MagLIF, a strong 
magnetic pressure implodes 
an axially pre-magnetized 
and laser pre-heated fusion 
fuel in order to achieve 
thermonuclear conditions. 
The axial magnetic field 
enhances trapping of alpha
particles while reducing thermal conduction losses to the liner 
during the implosion. Instabilities such as magneto Rayleigh-
Taylor (MRT) challenge further advancement.

Return current 
posts

Z target

Interchangeable vacuum chambers allow 
for a variety of experimental designs.

Relation of wire to emission for nickel wire at 380 ns machine time. 

Pre-shot with LED backlight Self emission Overlap of pre-shot and emission

Machine time:                    375 ns

Molybdenum Nickel Nickel

380 ns 390 ns

Self-emission for different times during x-pinch studies. Peak current at ~430 ns machine time. 

(Left) Sample of 
shadowgraphy 
image path. 
(Right) Canon 
CMOS, open 
exposure for 170 ps 
laser pulse during nickel wire x-pinch.

Pre-shot 380 ns

http://www.facebook.com/pages/PosterPresentationscom/217914411419?v=app_4949752878&ref=ts

