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BETA SOURCE CALIBRATION : SOME PROBLEMS ASSOCIATED WITH THE U T I L I S A T I O N  
OF THE GAMMA IRRADIATION OF QUARTZ AND OTHER PHOSPHORS 

PART I1 

W. T .  Bell 
Archaeometry P r o j e c t  , Ri S$ National Laboratory 

DK-4000 Roski l d e ,  Denmark 

INTRODUCTICN - PART I1 

I n  P a r t  I o f  t h i s  paper ,  g iven i n  t h e  l a s t  i s s u e  o f  t h i s  n e w s l e t t e r  
(No. 10 ,  March 1980) ,  t h e  i n t e r a c t i o n  o f  gamma r a d i a t i o n  w i t h  m a t t e r  was 
d e s c r i b e d  and t h e  p a r t i c u l a r  problems which a r i s e  when an i n t e r f a c e  s e p a r a t e s  
two media under gamma i r r a d i a t i o n  were d i scussed .  I t  was ~ h ~ ~ , ~ " f F i ~ m & t . i o n  -- ----.-.--./ ----4------.-. o f  t e secondary a e c t r o n s  c r e a f e d  by t h e  i n i t i a l  photon i n t e r a c t i o n s  must be 
t aken  i n t o  account  when t h e  dose  d i s t r i b u t i o n  i n  t h e  v i c i n i t y  o f  an i n t . e r f a c e  
is t o  be a s s e s s e d .  Three p a r t i c u l a r  c a s e s  were considered:  

( i )  t h e  d2~$ng1s~,Ofthe i r r a d i a t e d  .-. m a t e r j a l  m _ a r e  l a r g e  compared t o  t h e  
secondary e l e c t r o n  range?--" -"- ' 
,=%&L r-N, C-.- +--W ....*F-%- - 

( i i )  t h e  dimensions  a r e  s m a l l  compared t o  t h i s  range;  and 

( i i i )  t h e  dimensions a r e  comparable t o  t h i s  range. 

Equa t ions  were g iven  t o  d e s c r i b e  t h e  dose ,  D ,  d e p o s i t e d  i n  a phosphor 
by a gamma beam f o r  each of t h e  t h r e e  c a s e s  given above. These e q u a t i o n s  w i l l  
be used i n  t h i s  second P a r t  and hence they  a r e  r e p e a t e d  h e r e  f o r  convenience.  
The symbols have a l l  been d e f i n e d  i n  P a r t  I. 

(bnnp)mediurn msphosphor ( i i )  D = 0.869 X X 
S 

X 
( ~ e n ' ~ ) a i r  m medium 

S ("en/p)medium m phosphor , + ( i i i )  D(x) = 0.869 X 

("ennf') a i r  S m medium 



THE USE .OF QUARTZ FOR BETA SOURCE CALIBRATION 

A s  mentioned i n  P a r t  I of  t h i s  paper,  Pernicka and Wagner (1979) have 
proposed t h e  i n t e r l a b o r a t o r y  c a l i b r a t i o n  of be t a  sou rces  us ing  qua r t z  a s  t he  
T L  phosphor. They sugges t  t h a t  some qua r t z  samples stiould be i r r a d i a t e d  by 
them wi th  a gamma dose from an accu ra t e ly  c a l i b r a t e d  CO-60 source and then 
be d i s t r i b u t e d  t o  var ious  TL l a b o r a t o r i e s  f o r  t h e  be t a  source  c a l i b r a t i o n s ,  
Because of t h e  fundamental importance of  such a source  c a l i b r a t i o n  it is 
necessary  t o  d i s c u s s  here  a smal l  e r r o r  'in Pernicka and Wagner's i r r a d i a t i o n  
procedures.  

The qua r t z  g r a i n s ,  i n  t h e  s i z e  range 70-150 pm a f t e r  e t ch ing  i n  HF, 
were prepared f o r  gamma i r r a d i a t i o n  by packing approximately 100 mg of t he  
g r a i n s  i n t o  smal l  polyethylene bags s o  t h a t  t h e  sample t h i cknes s  was less 
than 1 mm, o r  a l t e r n a t i v e l y  2 mg was placed i n  smal l  polyet.hylene con ta ine r s .  
The i r r a d i a t i o n s  took p l ace  behind 0.5 cm of perspex i n  o rde r  t o  "achieve 
secondary e l e c t r o n  equi l ib r ium condi t ions t ' .  They then c a l c u l a t e d  t h e  dose t o  
t h e  qua r t z  according t o  

D = 0.869 X ( ~ e n ' ~ )  qua r t z  X X 
(pen'') a i r  

I t  can be  seen immediately t h a t  equa t ion  ( 4 )  is d i r e c t l y  equ iva l en t  t o  
equa t ion  (l), However, equat ion ( 1 )  was v a l i d  only f o r  t h e  c a s e  where t h e  
dimensions o f  t h e  phosphor were l a r g e  compared t o  t h e  range of  t h e  e l e c t r o n s  
set i n  motion by t h e  photon c o l l i s i o n s .  For CO-60 gamma rays  (F = 1.25 MeV). 

----c---__-- I----" --- .- I-- - 
t h e  I_-C_- average --- rang_e..of t h ~ e ~ e l e c t r o n s  ---- ------- is -.m-----+*. approximately I.....--- .- 2 - --"- mm -- i n  s a r t z .  The 
th i cknes s  of  t h e  qua r t z  samples 1s l e s s  than 1 mm and a s  t h e  samples"are  
packages of  much sma l l e r  qua r t z  g r a i n s ,  then t h e  a c t u a l  t h i cknes s  o f  s o l i d  
qua r t z  w i l l  be cons iderab ly  less than ? mm. ijence the  dimensions of  t h e  
phosphor a r e  n o t  l a r g e  compared t o  t h e  secondary e l e c t r o n  range and equat ion 
(4) is n o t  v a l i d  f o r  t h i s  s i t u a t i o n .  

On t h e  o t h e r  hand, t h e  dimensions of t h e  phosphor a r e  n o t  sma l l  compared 
t o  t h e  secondary e l e c t r o n  range s o  t h a t  equa t ion  (2 )  is no t  v a l i d  e i t h e r ,  
The t r u e  s i t u a t i o n  l i e s  somewhere between t h e  two c a s e s  with t h e  dose absorbed 
by t h e  qua r t z  de l ive red  p a r t l y  by t h e  e l e c t r o n s  generated w i th in  t h e  perspex 
absorbers  and p a r t l y  from e l e c t r o n s  generated wi th in  t h e  qua r t z  g r a i n s  them- 
se lves .  Thus some form of equa t ion  (3)  would need t o  be used t o  c a l c u l a t e  
t h e  dose t o  t h e  qua r t z  g r a i n s  but  t h e  eva lua t ion  o f  t h e  eometr ical" , funct ion ---.-̂ .~_cv- % ,".-I M- , ---.H -----.'-- " 
G would be a n ~ e x c e e d i n g l ~ o m p l e x ,  i f  no t  ~ m p o s s i b l e ,  p ro  lem. Thls is f i r s t l y  

&. '-&A----"-- .-i---*.y.u  ̂
% 

because-.J~e~_~~_~--2-slanee.'Tnterface ~----..--- --I between ---- two r.F--d--l- s o l i d  mat.ai;b;ls - a s  on one 
= m e r e  a r e  polyethylene bags packed with g r a i n s ,  and &erC&?.t&_of eekg 
*=he g r a ~ C ~ ~ ~ - h ~ g ~ ~ - $ Q ~ e n ~ ~ + ~ ~ ~  t h e  absorbed dose. Secondly, t 5  
s p a t i a m a r a c t e r i s ? l c s  +- -... of  t h e  e l e c t r o n  f i ~ i l 3 - ~ % ~ f ; ' i i e ' 8 ~ i n  t h e  perspex w&d 

- . .v-  -/--c------. 9-7 -".-.-.--I- -le-. 

h a v e x - ~ " G k e n n ~ t O a c c o u n t  because perspex is  a ow atomic n t ~ X e r  m a t e r i a l  
L - -- --- V- .-v----- 
e x ~ s e d  -- t m h  energy p h o t . o n s X ' f i c e  .--W.-.. t 5 e ~ ~ r & ~ 1 1 f 1 f i 5 * * 5 l a ~ e a ~ ~ ~ ~ ~ e  
f orwGd-;i'e c t i on Lr& a b w .  I t XZ-EE-~. '%TTR~G~ r on --- -.S---. scattering zenomenon  o f  Dut r e i x  and Bernard (1966) w i l l  have much in f luence  
he re  due t o  t h e  sma l l  volume o f  back-sca t te r ing  mater ia l .  

The problems a s s o c i a t e d  with eva lua t ing  t h e  dose t o  Pernicka and Wagner's 
qua r t z  g r a i n s  would n o t  e x i s t  i f  qua r t z  absorbers  were used i n s t e a d  o f  perspex. 
The secondary equi l ib r ium e l e c t r o n  f luence  generated wi th in  t h e  absorbers  would 
then be t h a t  o f  q u a r t z  and t h e  dose t o  t h e  g r a i n s  would be given by equa t ion  
(1). I f  we put  va lues  i n  equa t ion  ( 1 )  we f i n d  t h a t  t h e  dose D1 is given by 



S u b s t i t u t i n g  v a l u e s  i n  e q u a t i o n  ( 2 )  is r a t h e r  more complex because  i t  r e q u i r e s  
t h e  r a t i o  o f  t h e  mass s t o p p i n g  powers o f  q u a r t z  and pe r spex .  These f i g u r e s  
a r e  s l i g h t l y  energy  dependent ,  s o  t h e  problem o f  d e c i d i n g  a t  which ene'rgy 
t.o t a k e  t h e  r a t i o  a r i s e s .  D u t r e i x  -- e t  a l .  (1962) found that .  f o r  CO-60 gamma 
r a y s  t h e  secondary  e l e c t r o n  f l u e n c e  p e n e t r a t i n g  an i o n i s a t i o n  chamber from 
wall m a t e r i a l s  o f  d i f f e r e n t  a tomic  numbers behaved a s  though t h e  mean energy 
of t h e  e l e c t r o n s  was i n  t h e  o r d e r  of 0.01 FleV. Taking t h e  r a t i o  of t h e  s t o p -  
p i n g  powers a t  t h i s  energy and u s i n g  e q u a t i o n  ( 2 ) ,  g i v e s  

The d i f f e r e n c e  between equat . ions  ( 5 )  and (6)  is s e e n  t o  be q u i t e  c o n s i d e r a b l e  
and a s  mentioned above,  t h e  t r u e  f i g u r e  f o r  P e r n i c k a  and Wagnerls  i r r a d i a t i o n  
s h o u l d  l i e  somewhere between t h e s e  limits. T h i s  was i n v e s t i g a t e d  e x p e r i m e n t a l l y  
h e r e  by i r r a d i a t i n g  s i m u l t a n e o u s l y  i n  a CO-60 gamma beam some q u a r t z  g r a i n s  
behind 0.5 cm t h i c k  q u a r t z  a b s o r b e r s  and some g r a i n s  behind t h e  same t h i c k -  
n e s s  o f  pe r spex  a b s o r b e r s ,  Both samples  o f  g r a i n s  were packed i n  p o l y e t h y l e n e  
bags t o  a t h i c k n e s s  of approx imate ly  1 mm. I t  was found t h a t  t h e  dose  to t h e  
q u a r t z  g r a i n s  i r r a d i a t e d  behind t h e  perspex was (5.0 + 0.3):; lower  t h a n  t h e  
dose  t o  t h e  g r a i n s  behind q u a r t z  imply ing  t h a t  f o r  t h i s  i r r a d i a t i o n  procedure  
e q u a t i o n  ( 3 )  g i v e s  

I t  is n o t  p o s s i b l e ,  however, t o  s a y  t h a t  t h i s  v a l u e  i n  e q u a t i o n  ( 7 )  shou ld  
a p p l y  t o  P e r n i c k a  and bJagnerts i r r a d i a t i o n =  s i n c e  t h e  d e n s i t y  of packing of 
t h e  g r a i n s  c o u l d  have been somewhat d i f f e r e n t ,  

I t  i s  s t r o n g l y  recommended, t h e r e f o r e ,  t h a t  i f  q u a r t z  g r a i n s  a r e  t o  be 
used f o r  c a l i b r a t i o n  purposes ,  t h e  gamma i r r a d i a t i o n s  s h o u l d  t a k e  p l a c e  behind 
q u a r t z  a b s o r b e r s  i n  o r d e r  t o  c i rcumuent  t h e  problems and u n c e r t a i n t i e s  i n  
t h e  dose  assessment  a s  d e s c r i b e d  above. 

THE EFFECT OF G R A I N  TRANSPARENCY ON BETA SOURCE CALIBRATION 

A l i m i t i n g  f a c t o r  i n  u s i n g  one t y p e  o f  q u a r t z  g r a i n s ,  o r  any o t h e r  
phosphor,  f o r  a lfonce-and-for-al l"  b e t a  s o u r c e  c a l i b r a t i o n  i s  t h e  dependency 
o f  t h e  measured d o s e - r a t e  o f  t h e  b e t a  s o u r c e  on the t r a n s p a r e n c y  of t h e  
p a r t i c u l a r  q u a r t z  g r a i n s  a s  was f i r s t  d e s c r i b e d  by Bell (1979) .  F u r t h e r  
s t u d i e s  have now been completed however t h e  r e s u l t s ,  d e s c r i b e d  below, a r e  
s t i l l  somewhat p r e l i m i n a r y .  A d e t a i l e d  accoun t  o f  t h i s  t r a n s p a r e n c y  phenomenon 
w i l l  be  p u b l i s h e d  soon.  

The dependency on g r a i n  t r a n s p a r e n c y  is  thought. t o  a r i s e  from t h e  
comparison o f  t h e  non-homogeneous dose  d i s t r i b u t i o n  t o  t h e  g r a i n s  from t h e  
b e t a  s o u r c e ,  w i t h  t h e  homogeneous dose  d i s t r i b u t i o n  from t h e  gamma source .  
The non-t~omogeneous b e t a  dose  d i s t r i b u t i o n  i s  a r e s u l t  o f  two e f f e c t s .  The 
f i r s t  is t h e  d o s e  bui ld-up w i t h  d e p t h  d e s c r i b e d  by W i n t l e  and Ai tken  (1977) 
which is due t o  t h e  i n c r e a s e d  o b l i q u i t y  of' t h e  e l e c t r o n  p a t h s  caused  by mul t . ip le  



s c a t t e r i n g  as t h e  e l e c t r o n s  p e n e t r a t e  t h e  sample,  Thus t h e  p a t h  length  p e r  
u n i t  t h i c k n e s s ,  and hence t h e  energy l o s s ,  i n c r e a s e s  w i t h  dept,h u n t . i l  i t  
r e a c h e s  a maximum ( a t  a b o u t  40 mg/cm2 f o r  a Sr-90 s o u r c e  and aluminium 
a b s o r b e r s )  a f t e r  which a t t e n u a t i o n  e f f e c t s  predominate  arid t h e  dose  d e c r e a s e s .  
For  100 pm q u a r t z  g r a i n s  t h e  dose  w i l l  i n c r e a s e  through t h e  g r a i n s  s o  t h a t  
t h e  l o v e r  r e g i o n s  w i l l  r e c e i v e  a h i g h e r  dose  than  t h e  upper  r e g i o n s .  

The second e f f e c t ,  which probably  h a s  a g r e a t e r  i n f l u e n c e  on t h e  dose  
d i s t r i b u t i o n ,  is t h e  b a c k - s c a t t e r i n g  o f  e l e c t r o n s  from t h e  h igh  a tomic  
number m a t e r i a l  on which t h e  g r a i n s  a r e  r e s t i n g  d u r i n g  b e t a  i r r a d i a t i o n .  l lurray 
and U i n t l e  (1979) showed t h a t  100 pm g r a i n s  of CaF2 r e c e i v e  a 40% h i g h e r  d o s e  
when i r r a d i a t e d  on nichrome i n s t e a d  o f  perspex and f o r  l e a d  t h e  i n c r e a s e  is 
o v e r  60%. These b a c k - s c a t t e r e d  e l e c t r o n s  w i l l  have e n e r g i e s  very  much l e s s  
t h a n  t h e  i n i t i a l  s o u r c e  energy and w i l l  n o t  p e n e t r a t e  very  f a r  i n t o  t h e  q u a r t z  
g r a i n s ,  t h u s  d e p o s i t i n g  most o f  t h e i r  energy i n  t h e  lower r e g i o n s  o f  t h e  g r a i n s .  

I n  c o n t r a s t ,  t h e  gamma i r r a d i a t i o n  of q u a r t z  g r a i n s  w i l l  r e s u l t  i n  a 
homogeneous d i s t r i b u t i o n  o f  t h e  dose  t h r o u g h t o u t  t h e  g r a i n  volume. Hence 
t h e  TL measured a f t e r  a b e t a  i r r a d i a t i o n  w i l l  come more from t h e  l o i ~ e r  
r e g i o n s  o f  t h e  g r a i n s  t h a n  t h e  TL measured a f t e r  a gamma i r r a d i a t i o n .  There- 
f o r e  t h e  b e t a  induced TL w i l l  be  more a t t e n u a t e d  than  t h e  gamma TL i f  t h e  
g r a i n s  a r e  n o t  very  t r ansparen t . ;  whereas t h e r e  w i l l  be l i t t l e  d i f f e r e n c e  i n  
t h e  a t t e n u a t i o n  i f  t h e  g r a i n s  a r e  very t r a n s p a r e n t .  

We have measured a l a r g e  number o f  d i f f e r e n t  quar tz  samples  u s i n g  a 
CO-60 gamma s o u r c e  and a Sr-90 b e t a  s o u r c e  (20 mg o f  g r a i n s  r e s t . i n g  i n  p la t inum 
cups  o f  a r e a  52 mm2 f o r  t h i s  l a t t e r  . i r r a d i a t i o n )  and t h e  r e s u l t s  f o r  t h e  
a p p a r e n t  d o s e - r a t e  v a l u e s  o f  t h e  b e t a  s o u r c e  were found t.o vary  over  a wide 
range  - approx imate ly  20%. 0 p t . i c a l  i n s p e c t i o n  o f  t.he q u a r t z  g r a i n s  from t h e  
two ex t remes  showed t h a t  t h e  sample whose g r a i n s  had a very  t r a n s p a r e n t ,  
"shiny" (Be l l ,  and Zimmerman, 1978) appearance  gave a h i g h  d o s e - r a t e  f i g u r e  
f o r  the  b e t a  s o u r c e ,  i n d i c a t i n g  t .ha t  l i t t l e  d i f f e r e n c e  i n  t h e  a t t e n u a t i o n  o f  
t h e  bet.a and gamma induced  'TL had occured.  By comparison t h e  g ra . ins  from t h e  
o t h e r  sample which had a l e s s  t r a n s p a r e n t ,  " f r o s t y t 1  appearance  gave a 20!% 
lower  d o s e - r a t e  f i g u r e  f o r  t h e  b e t a  s o u r c e ,  implying a g r e a t e r  a t t enua t . ion  
o f  t h e  b e t a  TL than  t h e  gamma Tl.. 

A s  a  r e s u l t  o f  t h i s  phenomenon a b ~ ~ ~ ~ ~ ~ ~ w ~ l i b r a t o s n o ~  per-  
formed Pore~chG-itg~~$~Jx,~~:c_h~5~?c!gi~a1 sample* d a t e d  + t o i s  pl~:!?pig:ry - , 
I n  t h i s  c o n t e x t  i t  1s I n t e r e s t i n g  t o  r e p o r t  t h a t  t h e  two extreme samples  
mentioned above bo th  g i v e  very  good r e s u l t s  f o r  t h e  a g e s  uhen t h e  i n d i v i d u a l  
s o u r c e  c a l i b r a t i o n  f i g u r e s  a r e  used ,  b u t  i f  a mean c a l i b r a t i o n  f i g u r e  is 
used then  t h e  d a t e s  o b t a i n e d  f a l l  o u t s i d e  t h e  known age  l imits f o r  t h e  
a r c h a e o l o g i c a l  samples .  The same e f f e c t  is a l s o  t r u e ,  t o  a l e s s e r  e x t e n t ,  
f o r  many o t h e r  samples  s t u d i e d .  

Fur thermore ,  p r e l i m i n a r y  i n v e s t i g a t i o n s  t e n d  t o  show t h a t  t h e r e  is 
perhaps  a c o r r e l a t i o n  between f i r i n g  t e m p e r a t u r e  o f  t h e  sample and t h e  degree  
o f  t r a n s p a r e n c y  a f t e r  e t c h i n g  i n  HF a c i d .  Q u a r t z  g r a i n s  from a g e o l o g i c a l  
s a n d  were d i v i d e d  into  two f r a c t i o n s  - one f r a c t i o n  h e a t e d  t o  1000° C f o r  
f o u r  hours  and t h e  o t h e r  remaining unheated,  She two f r a c t i o n s  were then  
e t c h e d  i n  HF f o r  one hour  and it was q u i t e  n o t i c e a b l e  t h a t  t h e  unheated g r a i n s  
had a s l i g h t l y  more " f r o s t y "  appearance  than  t h e  h e a t e d  g r a i n s .  We hope t o  
p u b l i s h  f u l l  d e t a i l s  o f  t h e  e x p e r i m e n t a l  methods we u s e  and a f u l l  account  of 
t h e  e f f e c t s  o f  m a i n  t r a n s p a r e n c y  i n  t h e  n e a r  f u t u r e ,  

I t  is recommended h e r e  t h a t  i n d i v i d u a l  TL d a t i n g  l a b o r a t o r i e s  s h o u l d  
pay a t t e n t i o n  t o  t h i s  t ransparer lcy  e f f e c t  and t h a t  whenever p o s s i b l e  b e t a  
s o u r c e  c a l i b r a t i o n  exper iments  shou ld  be performed f o r  each  a r c h a e o l o g i c a l  
sample s t u d i e d .  T h i s  is p a r t i c u l a r l y  importarl t  when t h e  q u a r t z  g r a i n s  under  
c o n s i d e r a t i o r ?  have e i t h e r  a very  " f ros ty1 '  o r  very  "shiny" appearance.  
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l l O O C  QUARTZ PEAK: A NEW NORMALIZATION FACTOR 

Y, Liritzis* 
Physi CS Department 

EdSnburgh University, Scotland 

It is well known that in our attempt to measure the total archaeological 
dose a pottery sample has received since the last firing, we follow the "additive 
procedure" which simulates the natural TL acquisition. The construction of the 
first built up curve is usually made by using the following normalization 
procedures : 
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