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Introduction & Motivation



AbstractAbstract
Recent mono-energetic proton backlighter experiments on the g p g p
dynamics of laser-plasma interaction and shell implosions in 
the high energy-density regime have revealed high intensity 
magnetic and electric fields A new diagnostic method ismagnetic and electric fields.  A new diagnostic method is 
suggested, utilizing CR-39 as a two-stage particle detector. By 
reconstructing incident particle trajectory in addition to 
measuring energy and fluence, radiography techniques may 
strongly constrain the strength and location of fields in capsule 
implosions, hohlraum implosions, and other high-energy-p , p , g gy
density plasmas of interest.

This work was performed in part at the LLE National Laser User’s Facility 
(NLUF), and was supported in part by US DOE, LLNL, LLE, and FSC at 
U. Rochester.



Proton radiography with CR-39 provides unique 
di ti f EM fi ld i HED i tdiagnostic for EM fields in HED environments
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Reconstruction of incident angle of protons on film could 
yield additional information to constrain observed fields



PhysicsPhysics
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High-energy proton products of a backlighter capsule implosion (~3 
and 15 MeV) traverse large EM fields associated with HED plasmas
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Mesh experiments demonstrate 
i f ff t t b t di dsize of effects to be studied
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Data
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Dx = 75 µm

Mesh period: 150 µm
Backlighter-Detector distance DBD ~ 30 cm; CR-39 size = 10 cm

To measure deflection ~ 75 µm on grid (1/2 period) requires angularTo measure deflection ~ 75 µm on grid (1/2 period) requires angular 
resolution: 
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Experimental and Analytical 
MethodsMethods 



Potential Methods: bulk etchingPotential Methods: bulk etching
Etch radiography CR-39, scan & 
record tracks
Submit CR-39 to aggressive etch, 
removing some substantial 
thickness of material and erasing 
the results of the previous etch
Re-etch CR-39 to reveal tracks, 

50-250 
um

scan & record
Properly align scans, find 
coincidences and determine angles-
of-incidence for each proton
Analyze statistically to evaluate 
field structure

Before bulk etch
After bulk etch



Potential Methods: Thin CR-39Potential Methods: Thin CR 39
Radiograph using a stack of g p g
thin (~200 um) and thick CR-39
Scan and record tracks on both 
sides of thin CR-39 makingsides of thin CR-39, making 
note of the coordinates of 
distinctive features
P l li fi d

200 
um

Properly align scans, find 
coincidences and determine 
angles-of-incidence for each 
proton
Analyze statistically to evaluate 
field structure



Angles are measured by comparing 
i id t t k b t t **coincident tracks between two scans**

Frontside + F t id di tFrontside

Backside
-x +x

d

Frontside coordinates are 
adopted.  Coincidence angles 
are measured as (dx,dy):dx

dx = xfront - xback

dy = yfront - yback

A particle angling to (+x)

y

x

y

A particle angling to (+x)
onto the CR-39 has dx < 0;
a particle angling to (+y) 
onto CR-39 has dy < 0.

frontside backside
source x

Results are presented as a 
contour plot or histogram in 
(dx,dy) space, for a given 

dy

region on the CR-39.
dx

**Coincidence Counting code developed by D.T. Casey; see “Diagnosing Areal Density using the 
Magnetic Recoil Spectrometer (MRS) at OMEGA and the NIF”  OLUG workshop, 04/29/09



Sources of ErrorSources of Error

− Source size error (d ~ 100 um)Source size error  (dsource  100 um)
− Scattering in subject

Scattering in filters & CR-39− Scattering in filters & CR-39
− Alignment error between scans

Difference in coordinate systems between− Difference in coordinate systems between
− Thickness variation due to etching or manufacture.

Scattering in filters & CR-39 contribute to error of 
t id i (d d ) f i t k lcentroid in (dx,dy) space for a given track sample



Simulation & Data



An experiment was designed to test 
thi CR 39 d b lk t h th dthin CR-39 and bulk etch methods

Test chamber for MIT 
Nuclear Products 
Generator**

Erbium Target
Doped with 3HeDeuterium Beam

120keV

Al (filter) + CR‐39

Silicon Barrier
Detector (107˚)
26cm

**see poster: N. Sinenian, et al., “The MIT Nuclear Products Generator for ICF Diagnostics 
Development at OMEGA / OMEGA EP and the NIF”  OLUG workshop, 04/29/09



Results of experiment for surfaces separated 
b 200 i l t d i M tl bby 200 µm were simulated using Matlab

Source size: 2.5 mm width
Scattering in plastic: (gaussian) 8 um width

x > 0 y > 0
Scattering in plastic: (gaussian) 8 um width
Number of particles: 10,000

entire piece

y

x < 0 y < 0
x

frontsidefrontside
backside

For higher x → peaks shift left
For higher y → peaks shift downg y p



Data from 200 µm CR-39 has 
l ffaccurate angular effects

Piece ID: HR1B
Sh t d t 04/22/09

Centroid
Shot date: 04/22/09
Dimensions:  x: {-1.69,1.69}, 

y: {-2.34,2.37}
Distance from target: 12.3 cm. y 

< 
1

Filtering: 1080 µm Al

Data exhibits the expected 
behavior in both X and Y
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Measured angular 
difference: 5.02±0.57°/cm
Actual difference: 4 67°/cm
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Data from bulk-etched CR-39 
hibi d dexhibits unexpected trends

Piece ID: rc543
Shot date: 03/05/09

Centroid
Shot date: 03/05/09
Dimensions: x: {-1.6,1.6},  y: {-1,1}
Distance from target: 24 cm.
Filtering: 5 steps decreasing from –x to +x
Due to filtering tracks were only visible for < 

y 
< 

1.
0

Data has clear opposite trend 
from what is expected

Due to filtering, tracks were only visible for 
{-1.6 < x < -0.5} 0.

5 
from what is expected. 

y 
< 

-0
.5

This is consistent with uniform 
change in size of CR-39 during 
b lk t h i
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Map of regions 
on CR-39

bulk-etch processing

-1.6 < x < -1.2 -1.0 < x < -0.5x
on CR 39

Trustworthy reference marks on CR-39 would 
allow for adjustment of coordinates after bulk etch



Thin CR-39 vs bulk etching 
h itechniques

Thi CR 39 B lk t hiThin CR-39 Bulk etching

No additional processing between scans → 
greater confidence in equivalence of coordinate 
systems

“Thick” CR-39 has more consistent response 
to protons over a large range of energies

y

Easier to characterize thickness between 
scanning planes

Easier to acquire in good quality

Hard to acquire with good noise properties Extra etching steps → less confidence in 
equivalence of front/back coordinates (requires 
clear, small fiducials)

Limited proton response ( < 5 MeV) forces 
very restrictive range of operation

Uneven bulk etching introduces additional 
errors in depth across the piecevery restrictive range of operation errors in depth across the piece



Summary & Future Work



Future WorkFuture Work

• Robust bulk etching experiments to determineRobust bulk etching experiments to determine 
effect of processing on exposed CR-39

• Establish effective fiducial method (small laser• Establish effective fiducial method (small laser 
mark on CR-39)
Fi ld f l f f i• Field successful proof-of-concept experiment 
in MIT Nuclear Products Generator

• Field diagnostic with proton radiography on 
OMEGA



SummarySummary

• A new process for proton radiography withA new process for proton radiography with 
path reconstruction is investigated for 
improved constraint of observed HED fieldimproved constraint of observed HED field 
structures

• Two methods for performing such• Two methods for performing such 
measurements are tested and compared, using 
thin CR 39 and bulk etching normal CR 39thin CR-39 and bulk etching normal CR-39.
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