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PhantomCOMPARISON

How to do it?
< Borrow LLNL phantoms 
Questions to ask:
< Did the design change with generation?
< Did the material formulation change?
< Is the material stable over time?



ThePHANTOMS
First generation
LLNL phantom

contains
human bone

ThePHANTOMS

Later
generations



L a b o ra to ry C o u n try

A to m ic  E n e rg y  R e s e a rc h  E s ta b lis h m e n t U n ite d  K in g d o m

A rg o n n e  N a tio n a l L a b o ra to ry U S A

A to m ic  W e a p o n s  R e s e a rc h  E s ta b lis h m e n t -
D o u n re a y

U n ite d  K in g d o m

E n v iro n m e n ta l P ro te c tio n  A g e n c y U S A

In te rn a tio n a l A to m ic  E n e rg y  A g e n c y A u s tr ia

L o s  A la m o s  S c ie n tif ic  L a b o ra to ry U S A

L a w re n c e  L iv e rm o re  N a tio n a l L a b o ra to ry U S A

N a tio n a l R a d io lo g ic a l P ro te c tio n  B o a rd U n ite d  K in g d o m

O a k  R id g e  N a tio n a l L a b o ra to ry U S A

P a c if ic  N o r th w e st  L a b o ra to r ie s U S A

R o c k y  F la ts U S A

R a d ia tio n  P ro te c tio n  B u re a u C a n a d a

S a v a n n a h  R iv e r  P ro jec t U S A

W in s c a le U n ite d  K in g d o m

W in fr i th U n ite d  K in g d o m

Y -1 2  (O a k  R id g e ) U S A

WhereDidTheyGO?

WhatDIDweUSE?

 First gen: PNNL loaned #2 (C)
 Second gen: HML has one (A, B, C)
 Second gen: IAEA loan (A,  B, C)
 Third gen: CRL loan (A)
 Third gen: CEMRC loan (C)



ThePROTOCOL

Use the same lung set
< Am-241/Eu-152
< 17, 26, 45, 60, 122, 244, 344 keV

Measure core and OVP’s
Weigh sections
Measure CWT in HML counting region
Convert CWT to MEQ-CWT
Counting statistics kept <1.0% 
Counting times from 7,200 to 75,000 secs
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VISUALinspection

There has been a major
design change between
1st and later generations
Subtle changes for 2nd to
later generations

WEIGHTs
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CountingE
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CountingE
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StatisticalTESTING
Linear Regression and t-testing

Gradients are the same at 17 keV (" = 0.05).
CEMRC phantom has different gradient from HML, CRL, IAEA at 60
keV.
CEMRC phantom has different gradient from CRL at higher
energies.
Intercepts are not the same (at any energy).



CONCLUSI(NS
The 2nd and 3rd gen are equivalent at low photon energies.
The 1st gen shows an increased counting efficiency at low photon
energies due to a design flaw.
< Goes away at higher energies.
At higher photon energies there appears to be a difference between
the later generation phantoms.  
< May be due to subtle differences in the material formulation.  
It is also apparent that these phantoms have maintained their
performance characteristics over an extended period of time.
< Phantoms cover a 20-yr time span.




