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Overview of t he Proton radiography Facility at LANSCE 

Abstract: 

The Proton Rad iography Facility at LANSCE, has been a useful t ool for studying dynamic processes on 

time scales of f ractions of a microsecond and with resolutions of a few tenths of mm to a few t enths of a 

micromet er. This overview is an expose of the t his radiography system - its operating principles and 

capabi lities and limit ations. 
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Early Proton Radiogra hy 
A. M. KI)etl l er ,-e i ~r l. Science 160, 302. ~ l~H': ~. ) 
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Marginal Range Radiography 
• Reduce proton beam energy to near 

end of range. 
• Use steep portion of transmission 

curve to enhance sensitivity to areal 
density variations. 

• Coulomb scattering at low energy 
results in poor resolution >1 .5 mm. 

• Contrast generated through proton 
absorption. 

J. A (' v Jlt3l'l\ !\attlTWI:s::-t"I.o;. I.r1 ILo I 1)1, lti ;~- I ~I ' il97 'l i 
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Scattering Radiography 
Edge detection only 
Limited to thin objects 

• Contrast generated 
through position 
dependent scattering 

r;Iq'. ';' . r ll 'JMn l "')11 (II h r. l\- rnu ltlrl,'O ~ .J t\ I"r-~'j : IJn ~:b.c,; ... 1\'$ 
t h,&,! . lt'tCTul it t -tf.(l! ;"1 U ("t" n 
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Matching Miracle 
L .. ~ 

.. ~ .. ~ 

M M 

XO'Xo' - position and angle at object 
xfp - position at midpoint of lens 
Xi - position and angle at image 
8 - .t1p/p 
M - Transport matrix for doublet 
L - First order Transport matrix 
T - Second order Transport tensor 

L = 1I1 2 =-J 

Fourier Plane 
X fp = M 11 xo + M 12 X; 

x; = WXo + ¢ 

xfp = M11 xo +MJ2 (wxo +¢) 

-M~, W= M 
12 

X fp = M 12¢ 

Resolution 

Form identity lens from 
identical doublets 

Inject beam with 
position-angle correlation 
to form Fourier plane at 
center of lens. 

Xi = L llxo + L12x~ + ~ 16Xo6 + ~26X~6 
Xi = -Xo + ~16Xo6 + ~26(WXo + ¢)5 

r: . / - M 1 w = - 116/,,", = /1 M 
1;26 12 * 

-M~ w = 11M 
12 

~i = ~26¢8 

\ Dominant Blur 

Same position-angle 
correlation cancels second 
order chromatic terms. 

.,. C.T. Mottershead and J. D. Zumbro, "Magnetic Optics for Proton Radiography", Proceedings of the 1997 Particle Accelerator Conference 



Area Density Reconstruction 
T -xl 

e l l 
nuclear 

-ee2
/ 

T
MCS 

= 1 - e /,a: 

14.1Me V 
B=---

o 
pfJ 

X _ 8c pfJ Xo 
( )

2 

T = e -;< 11 - e 14.1 MeV 2x 

Nuclear removal processes 

Multiple Coulomb Scattering with collimation: 

©o - scattering angle (radians) 
x - areal density 
Xo - radiation length 
p - momentum (MeV) 
{3 - relativistic velocity 

Total Transmission 
- inverted to determine areal density, x 



LANSCE Experimental Areas 

• Lujan Center 
• National security 

research 
• Materials, bio-science, 
and nuclear physics 

• National user facility 

·WNR 
• National security 

research 
• Nuclear Physics 
• Neutron Irradiation 

• Proton Radiography 
• National security 

research 
• Dynamic Materials 

science, 
• Hydrodynamics 

• Isotope Production Facility 
• Medical radioisotopes 
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x3 Magnifier 

Lens made up of four 4" bore permanent magnet quads. 

Tuning (focusing) is done by remotely moving quads in some prescribed manner 

System has approximately 3 times less chromatic aberration than -I (big) lens 

Price is: FOV is three times less than that with the -I lens 

For magnifier operations, Lens2 is off 
9 
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Proton BEiam 

Camera 

Camera System and Standard Timing 

Scintillator 

cu,{SO{ 
~{e ~u,\Se) 
\f(:/0 '(\ S 

I.. 250 us 

Detonation 

~ 

" 1'),0., ~ 
f...'l> f...'l> f...'l> f...'l> 

~q) ~q) ~q) ~q) 
elf (;tti (;tti (;tti 

Time 

(.:) ~ 
f...'l> .t'l> 

~q) ~' 
(;t'fi (;'l>~ 

• 19 images at first station (IL 1) 
• 22 images at second station (IL2) 
• Typically 50 to 200 ns exposure 

times 
11 
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Failure Cone (Eric Ferm) 

PRAD157 failure Cone 

70 --=- -=*- ---+- - _ . 

'E 60 ... - -- 0.49mmlus 
E ,--
~ ~ .~t _____________ ___________ _ 

:!l 7.49mml ll$l 
n. 4{) ~ 

~ 30 • 

~ 20 • / 

o • 10 

o • 
o 5 1D 

t (/IS) 

15 2D 

Failure occurs at d=5.4 to 5.6mm 

15.0 ~i 17.2 ~IS 

8 10.7 1 

2.1 pS 
4.3 ~IS 6.4 J..Is 
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Material Strength Experiments (Olson Series) 

~.--.~ 

--------...-~ 

~ . '. 
/' 

(" TARGET 

<'E·I DHO~ATOR 

.' 

The technique utilizes a flat metal plate with perturbations of 
known wavelength and amplitude machined into one 
side of the plate. High explosive is used to generate shock­
free, planar loading on the perturbed side of the plate and the 
amplitude of the Rayleigh-Taylor (R-T) unstable perturbations 
are measured from radiographs acquired as a function of time 
The perturbation growth rate is directly related to the dynamic 
shear strength of the metal and thus can be 
compared directly to that predicted by various strength 
models via hydrodynamic calculations. 

• Utilized improved resolution capability of new magnifier 
system. 

Q) 

E 
i-

• Six dynamic experiments performed to study instability C PI 
growth versus drive pressure by varying HE standoff. U ate 

• Demonstrated shockless acceleration and reproducibility. 

HE 

2mm offset 3mm offset 



pRad has been used to make a movie of the development of a Richtmyer­
Meshkov (RM) instability in molten tin (W. Buttler) 

,~,»;»",;>;,~u 
Flyer 

I ' Target 

1= V -_ 
J /'-tr-uJ 

~ tt-v\;e, 

r face 
1 _ 

Hydrodynamic Calculations (David Youngs et al.) 



Demonstration of new EOS measurement capability with proton Radiography 

S::Ihnt • . ~ 

Impact 

Shock in target 

..... nn"li' in flyer 

~Sn("l('k in target 

"hrl"lt' in flyer 

ock in target 

3.5 

3.4 ~- - - - - - - - - - - - - - - - - - - - - - - - - - - - - -/- - - - - - - - - -

3.3 ~ - - - - - - - - - - - - - - - - - - - - - - - -/- - - - - - - - - - - - - - -

'§' 3. 2 ~ - - - - - - - - - - - - - - - - - - - ./ - - - - - - - - - - - - - - - - - --

~ 

13 ~ ~ __ ~ ~ ~ -__ ~ ~ ~ ~ ~ ~. ~~ ~ _ ~ ~ ~ ~ ~ ~ _ ~ ~ ~ ~ ~ ~ ~ ~ ~ _ ~ ~ ~ __ 
2. 9 + --- --- -/'- -I • LASLSh::ck I-tJg::ric:i D3!a 

2. 8 

-- Erl"{:8ical fit 

... R<rl~c \elooty rrea5l.re!TErts 

• Pin l.€Iocity a"d ra:1~c density 
2.7 +:t{:-...------,-!::====:;=====;:-- -===! 

0. 0.5 1.5 

LP (km's) 

2 

Two methods of measuring a 
point on shock Hugoniot per 
dynamic event: 

Radiographic measurement of 
density behind shock front. 
Simultaineous measurement 
of particle and shock velocity 



Quasi Static Systems (msec to seconds): 
Dynamic studies of He Bubble formation in Hg in Support 

of the SNS High Current Target Development 

250 ms 

200 ms 

150 ms 

100 ms 

50 ms 

Oms 

Bubbler Needle Tip 

He bubble formation in stagnant (left) and flowing 
(right) mercury. 

In the case of the stagnant Hg, the bubbles form, 
grow in size and break off in about ~ sec. When the 
Hg is flowing, the bubbles break off at much faster 
time scales. 

Thousands of such pictures were taken with the 
Rockwell cameras in movie mode at 20Hz under 
various He and Hg flow rates. 



Static Obiects Surrogate Fuel 
Rods 

X3 magnifier has T126 - 3 meters 

E-Loss through object center - 13 MeV ~resolution - O.Smm at center 

Set the Lens to <E Loss> -10MeV ~ resolution - 0.113 mm at center 

For Static Objects One can reduce chromatic blur by use of "Graded 
Degraders" 



J2.872 

DE(x) 

,0, 

E-Loses and X3 Lens 
Resolution 

J 5 

~ 
/ 

I 
/ 

/ 
]0 

5 

E 
o 

0' " 
-0.5 0 

-0.7 Bare Object 
0.5 

0.7 

0.5 1.5 

degrader 
e 

-1.5 -1 -{l.5 

Otfcentar Energy; No Misalignments -1 

em 

I 
• I 

: I 
~ I ~ 
I. -21 P~!Jil 
~ --

t 
, 

;--- - ·_·1- ~-' ~ 
1 -i) ':i • O ~ Intrinsic resolution - 65 mm 

- LocHe 
Lucile_fitl 

Loci Ie_fill 

Locile FitO 

, ~2 J Chromatic term (T126) = 3m*88*( dElE) 

Object + Degrader 



800 MeV Proton 
Beam 

• 

The Set up 

~M~P~n 

Lucite graded 
degrader 

BMm ~ 

Zarcaloy 
Tube 

/

containlng 
Hf02 
pellets 

Zarcaloy tube was aligned on the graded degrader. 
Radiograph pictures were taken at 181 rotat ional positions 
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Relative Density Reconstruction 

0° 45° 90° 135° 180° 

Density reconstruction: Density measurements at 
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Protons 

pRad vs X-Ray radiographs 

X-rays 

-Proton provide quantitative 
thickness information 
-These X-ray images -+ don't 
penetrate and are dominated 
by scatter background 
-Proton resolution can be 
improved with small angle 
collimator. 
-X-rays need higher energy 



CT Reconstrusction: Minimize ring artifacts by assuming that the 
zarcaloy portion of the images is homogeneous and therefore has no 

ring structure in the density 

Dafault ring removal parameter Increased ring removal parameter 



CT Reconstructed Slices: 
Interesting Regions: Part of Zarcaloy portion, all of Pellet#4, Part of 

Pellet#3 



Filtered Back Projection: 
Defects in Pellet #4, Slices 78 to 93 

Fainter 250 J.lm long by -150 to 200 J.lm diameter 
inclusions are shown in the roo: circles .... 

· 15 
\ 

• • 3' 

J
" 30 

• 2: · • Srntil 

• \ •• IS - -- 5" .. , 

" A C • lL 

-0.12 -0.1 -0.08 ·0.06 ..(J 0'1 -0.02 

Resolution - 80 J.lm 

Diameterlnclusion - 350 J.lm 

Lengthlnclusion - 550 J.ln 



en 
Q

) 
(
)
 

---if) 

• 
• 

--Q
) 

a.. c 
-
-en 

......., 
u 
~
 

Q
) 

o Q
) 

L
-

a 
~
 

E
 

E
 

::t
::t 

c o 
"w 

c 
:) 

0 
U

 
"
­

C
 

(/) 
c 

.2
 

Q
) 

U
 

.... 
.s 

Q
)..c

 
EO

> 
co 

C
 

.
-

Q
) 

0
-
1

 



en 
Q

) 
u 
(f) 

• 
• 

+
o

J
 

Q
) 

Q
) 

a.. c U
) 

...f--J 

U
 
~
 

Q
) 

o Q
) 

"-o 
~
 



Density reconstruction uncertainties from reconstructed Slices; 

A sl ice thru the zircaloy section 
8 

7 

6 I 

5 

4 -j 

3 

Line outs 

Including 

1 Pixel Zrcly 
- 5 Pixel Zrcly 

2 I artifacts 

1 -j 

o 
-0.6 -0.1 

Single Pixel rms Jitter - 5% 

0.4 

-4 % no artifacts 
Five Pixel rms Jitter -3 5% 

-2% no artifacts 

Bad pixels due to tile boundary contribute to reconstruction artifacts above 
This can be avoided in future measurements 
Better CT algorithms can be used 
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Summary: Imaging Lenses at 
~ 

pRad t'-Jj'~o:;1Y' 
ll v~~ 

12 SS5! 

LENS1 -1 -120mm 6.9 6.9 ~. f~Df+' - , . ' 
LENS2 -1 120mm 7.9 7.9 l ~Q ,~ 

.)/1 

LENS3 -1 120mm 7.9 7.9 \.rtJ 
/)." 

LENS2 & +1 120mm 15.8 15.8 J-to 
3 ,/ 

I;) 

X3 C ~ .', -3 40mm Jf4~ 3 t jf ./ 

0.~ 
Magnifier 9~' 1--1 . 

X7 II II) -7 17mm 1.2 1.9 
tv 51 er \ f'--vvuJ-, r ~ 

magnifier Ct""'t"-' ~) ~i~ 
-~ r 



Concluding Remarks 

• HE detonation characteristics are studied 
• Material strength and EOS studies with HE or powder gun drivers 
• Flexible timing possible due to versatility of the LANSCE proton 

beams 
• Multiframe capability: up to 41 frames per dynamic event 
• Rockwell cameras: 

a) Acquire images over a wide range of frame rates (>0 to 30 Hz in 
movie mode and up to 4 MHz in standard triggering mode 
Facilitate easy acquisition of tomographic images 

b) High QE -+ Equivalent to increasing beam by factor of 4 

• x 3 and x7 magnifier, with reduced chromatic blur useful to 
enhances resolution and reducing chromatic blur - good for 
radigraphing small objects 


