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Outline of talk 
+ Comparison of proton and x-ray radiograp.hy 
+ describe the aDO-MeV proton radiography 

area at LAN'SCE 
+ will describe the onionskin data 
+ . other capabilities 
+ summary 
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X-ray radiography 

• Source size (dose) 

• Detector blur 

• Scattered 
background 

• Hardening 

Proton RatJieg~~y 
Science Based Stockpile Siewardship 
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Radiographic Magnification: m=b/a + 1 
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Figure 1 - Typical Radiographic System 

Bechtel Nevada 
__ . _ ______ u ______ ~ . w_________ ,. • c. • .... 



Proton radiography 

• Attenuation 
• Multipl'e scattering 
• Energ'y 11055 
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Proton radiography - the effect. 
Nout=Nin e-l:(li / Ai) e-2902/9cut2 

Transmission Multiple scattering Energy loss 
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Proton radiography - angle matchIng 

The leading aberarions are chromatic: 

x .... 'r = xO.J~C' + (xI8t5)8t5 + (xlxt5)xt5+··· 

Setting: 

(xI8t5)8t5 = -(xlxt5)xt5 gives: 

8 = - (xlxt5) x 
(xI8t5) 

• Uniform acceptance 
- analysis simple 

• Reduced aberrations 

- pin hole camera 

o=-!... 
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Material differentiation 
Matched 

Object Collimator 1 Image 1 Collimator 2 Image 2 
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LANSCE Area C with three four-quad -I len-
Horizontal plane 
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Multiple-Scatting Foil (Diffuser) Contribution 
to Beam Size (Identical Intensity Scale$) 
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Radiograph-to-Beam ratio 
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LANSCE accelerator timing 
MPEG-beam 

II gate from the 
accelerator 

•• • • • 
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Seven-Shooter 
Onion Skin PRAD-0026 
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Onion-Skin Radiographs 
1997 1998 

0.569 Ils('c 

1.031 Ils~c 

1.284 IlS(,l' 

2.000 Ils('c 
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FY97 Onion skin data 

Times with 
respect to 
detonator 
breakout 3.25 Jlsec 

2.50 Jlsec 

1.90 Jlsec 

0.99 Jlsec 
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flVIUII ,n,.,v::,' ",,111 u 

Science Based Stod.pile Stewardship 
Bechtel Nevada R '··'T'TWo"'"gTWW''j e ........ 



LLN L step wedge data 

Beam 
Ratio 

Photograph 

Radiograph 
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Scil'IlCe Bused SlOckpile Sle~!,(Jrdship 

Area C Image 
location 1 seven 
shooter (July 1998) 

- seven cameras 
with gated 
1 024x1 024 CCDs 

-12 KV diode 
gates 



Proton Radiography at LANSCE 
Summary of Dynamic Results (FY97 and FY98) 
• Thirty-three (33) dynamic experiments to date 

radiographing the reaction-zone in Insensitive High 
Explosive (IHE) at different times and temperatures 
- twenty-five in FY97 [6 Mod-1 (92-grams) 119 Mod-2 (620-grams)] 

- eight in FY98 [1 Mod-1 17 Mod-2] 
» seven radiographs at different times on all eight experiments this 

year 

• before the end of calendar 1998 
- more Mod 2 objects (LANL IHE and LLNL IHE) 

- LLNL ejecta experiment(s) 

- SNL experiments 

- UK 1 AWE experiment 

- plus ??? 
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Dr.llflt"--DM;ltllMnhu 
Bechtel Ne;'ada r~~. ~~JIiiWM 

ea ....... 

J ,\R\IfT,nn .. v5'''''''1 U 

Science Based Stockpile Stewardship 



Cl) 

o U
 

tn 
o a-U

 
.-E

 
-,- -• 
C

V) 

>< 
as 
tn 
as 
o as 
Cl) 
... <C 

r 

-
\ \ 

-:-I --

-!
-

I 

~ 
\ 

-

)J 
/ 

....c ! 
.....I 

I 
--V 

I 

, 
_

Il 

-
"f" 

_ 
---

) 
,
\
 

1 

-
j I 

\ 
\ 

~ 

-
" , 

L
.Jj 

--r -r -r --0 ~
c
 

a ~ -~
 

u 
.-1::: 

C
I) 

>
 

\\\~ 
: 

W
 \\1

. 

-C
 

l 

r 
'" 

-
~V 

c 

I 1\\ i 
) 

\
\
 I / 

i 
, , 
II 

r 
I \ \' \ 

-.J
 .Jl 
...i ~
 

.Jl 

...a 
.J J. 
.JJ 

-

I 

-..-.; 



tn 
C

 
CI) 
--

I 

-c 
ca 
::l 
tT

 
I 

.... .c 
C

) 
.-Q

) 

Q
) 

c o 
.c 
~
 

.-~ 
o as Q

) 
a-
ce 

I 

.li 
, ,~il.';I'\'/~ 

j 
t~1lv~1l 

... 

I 
~
 

'}\ 
; 

i!.l 

[ -

L -
[ 

-

-

-

[ 

J 
...j 

, 
1/ 

J 

j 

I I , I \ 

[ [ 
-

L 
=

 
[ [ r 

.J , 
-J 

_111( 

1 

-! i 



Cookoff mockup asselnbly -
Plastic with cracks between 
two 3/4"-thick AI plates 
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Summary of new capabilities 

• NeW capabilities in Line C 
- Position resolution 

» 400k modulation of 2-lp/mm feature in first imaging lens 

- Multiple images through different angle-cut collimators (IL 1 and 
. 1;L2) 

- Ability to use different size containment vessels 
- Operation of the chopper at 5.6-MHz (I.e. picture spacing of -178-

ns is possible) 
- Seven pictures of each dynamic event to date 

• Before the end of 1998 
- will configure the magnets as a x3.1 magnifier 

Proton RadisgRp#Jy a 

Scit:nce Based Stockpile Stewardship 
Bechtel Nevada I.'~j~m!lif .. 'tf.¥.itf~i 

0.4 ..... 



Future improvements 

• Rel,ocate the radioactive gas delay line 

• Switchyard kicker 
- Line X I B I C operation takes the beam away from Line D I PSR 

operation 
-a switchyard kicker would allow both operations simultaneously 

» WNR would miss the pulse(s) that go to PRad in Area C 

• detector development (near term) 
- ·replace individual CCO with framing cameras 

• new H- ion source (some time in 2000) 
- more protons in the same amount of time 

- or the same number of protons in a shorter exposure time 

Dp"I,," D~"'iftJ'l~"hu 
Bechtel Nevada 

• •• a 4ii 

•• V'VIII n.w,v3' """1 

Science Based Stockpile Stewardship 



Accomplishments 
• To date 

- flash radiography 

- dynamic demonstration 

- burn f·ront imaging 
- material identification 
- detector devel10pment 

- contai:nment development 

- PC based DAQ 
- multi-lenses 

» material identification 
(single axis) 

» incident beam 
diagnostic/tailoring 

• Future 
- convergent geometry 
- x3 microscope 

- LLNL exjecta experiment 
- detector demonstration 

» including an energy loss 
or Cherenkov detector 

- containment development 

- more experiments 

- operation independent of 
the rest of the accelerator 
(when it is on) 

D,Il'ltft .D~u 

Bechtel Nevada UF,'fflrit!i!(;jl'l 
-.;sa ...... 

,~ .... " ... "S. """1 
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Proton radiograph of a MasterLock™ I,ock 
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