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THERMAL NEUTRON DOSIMETRY BY PHOSPHOR ACTIVATION 

M . R . M a y h u g h , S. Watanabe and R. M u c c i l l o 

A B S T R A C T 

Three c o m m o n t h e r m o l u m i n e s c e n t p h o s p h o r s , C a S 0 4 : D y , C a F 2 : D y , a n d C a F 2 : n a t u r a l , have been 
e x a m i n e d t o d e t e r m i n e t h e f e a s i b i l i t y o f t h e i r a p p l i c a t i o n in t h e r m a l n e u t r o n d o s i m e t r y . Bas ica l ly , t h e 
p h o s p h o r is e x p o s e d t o t h e r m a l n e u t r o n s (and o t h e r r a d i a t i o n s ) causing a c t i v a t i o n o f nuc le i in the p h o s p h o r . 
N e x t , t h e p h o s p h o r is s to red t o u n d e r g o s e l f - i r r a d i a t i o n f r o m t h e i n t e r n a l r a d i o a c t i v e n u c l e i , in t h i s case al l 
beta e m i t t e r s . La te r one reads t h e t h e r m o l u m i n e s c e n c e i n d u c e d b y t h e beta emiss ion d u r i n g storage. T h i s 
read ing depends o n t h e or ig ina l n e u t r o n e x p o s u r e , a n d c o u l d t h u s p r o v i d e a d o s i m e t r y s y s t e m . T h e p h o s p h o r s 
c o n t a i n su i tab le isotopes ^^Ca o r 1 6 4 D y (gnd 34s). L i m i t s f o r t h e l o w e s t d e t e c t a b l e f l u e n c e w e r e d e t e r m i n e d 
b y e x t r a p o l a t i n g results f r o m h igh f l u e n c e m e a s u r e m e n t s . Us ing t h e decay o f ISBoy (2,3 h ha l f - l i f e ) t h e 
l o w e s t d e t e c t a b l e f l u e n c e is e s t i m a t e d t o be 5 x I O ' n / c m 2 . Us ing ^^Ca decay ( 1 6 5 d h a l f - l i f e ) , t h i s l i m i t is 
raised t o a b o u t 5 x 1 0 ^ ' ' n / c m ^ . IVIethods f o r i m p r o v e m e n t are discussed. 

I N T R O D U C T I O N 

D e t e c t i n g t he rma l neu t rons in m i x e d r a d i a t i o n f ie lds necessari ly relies o n t h e n e u t r o n ' s 
nuc lear i n t e rac t i on w i t h the d e t e c t o r . T h e useable nuc lear i n te rac t ions m i g h t be r o u g h l y d i v i ded 
be tween those w h i c h happen r a p i d l y , t h e r e f o r e leaving t he i r m a r k d u r i n g i r r a d i a t i o n , and those 
o f s imp le ac t i va t i on whe re in t h e p r o d u c t is de tec ted a f te r i r r a d i a t i o n . A n e x a m p l e o f t h e rap id 
t y p e is t h e 6 L i F / 7 L i F t h e r m o l u m i n e s c e n t sys tem w h i c h d e t e c t s l t h e n e u t r o n b y the energy 
depos i t ed f r o m t h e ( n , a) r eac t i on in ^ L i . T h e ^ L i F is used t o measure a n d c o r r e c t f o r t h e 
energy depos i ted b y t h e o t h e r rad ia t ions . Meta l f o i l s p rov ide an examp le o f d e t e c t i o n b y s imp le 
a c t i v a t i o n . In th i s case the neu t rons p r o d u c e rad ioac t i ve nuc le i in t h e f o i l , and these are la ter 
de tec ted u p o n the i r d i s i n t e g r a t i o n , usua l ly b y be ta c o u n t i n g . Th i s t e c h n i q u e requires n o 
c o r r e c t i o n f o r e f fects o f o t h e r rad ia t ions . 

A t h e r m o l u m i n e s c e n t sys tem based o n s imp le a c t i v a t i o n , l i ke f o i l s , has been s tud ied 
ear l ier a t th i s l a b o r a t o r y . 2 , 3 Na tu ra l CaF2 was exposed t o t h e r m a l neu t rons in a m i x e d f i e l d , 
t he neu t rons causing ac t i va t i on o f ^ ^ C a t o 45ca, and the o t h e r rad ia t i ons i n d u c i n g 
t h e r m o l u m i n e s c e n c e ( T L ) . N e x t , t h e samples were annealed t o e l im ina te the T L i nduced d u r i n g 
i r r a d i a t i o n , and t h e n t h e y were s to red t o unde rgo se l f - i r rad ia t i on as betas are e m i t t e d f r o m t h e 
rad ioac t ive 45ca. F i na l l y , t h e T L was read a f te r a su i tab le storage t i m e . Th i s f ina l T L read ing is 
re la ted t o t h e n u m b e r o f d i s in teg ra t ions o c c u r i n g d u r i n g storage w h i c h in t u r n depends o n t h e 
or ig ina l n e u t r o n f l uence . L i ke f o i l s , t h e signal is i ndependen t o f t he o t h e r rad ia t ions in t h e 
m i x e d f i e l d p rov ided t h a t t h e c rys ta l does n o t su f fe r p e r m a n e n t r ad ia t i on damage. A n 
advantage over fo i ls is t h a t i n teg ra t i on o f t h e decay betas occurs ou ts ide t h e d e t e c t i n g 
appara tus . 

Here in w e f u r t h e r exam ine t h e feas ib i l i t y o f using p h o s p h o r ac t i va t i on as a t h e r m a l 
n e u t r o n dos ime te r . O u r purpose is t o establ ish the l o w e r l im i t s f o r t h e de tec tab le f l uence w i t h 
C a F 2 : n a t u r a l , and t o e x t e n d t h e s t u d y t o C a S 0 4 : D y and C a F 2 : D y . T h e 1 6 4 D y jn t h e la t te r t w o 
phosphors m i g h t p rov ide a t h e r m a l n e u t r o n dos ime te r usefu l in acc iden t s i t ua t ions . 

E X P E R I M E N T A L 

T h e CaF2 was co l lec ted f r o m a m i n e loca ted in Santa Cata r ina S ta te , Braz i l and was 
g r o u n d a n d seived t h r o u g h 8 0 o n t o 2 0 0 mesh T y l e r screens f o r use. Th i s p o w d e r can be very 
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R E S U L T S A N D D I S C U S S I O N 

a) G a m m a - R a y I r r a d i a t i o n 

The T L induced b y a one R gamma exposure is s h o w n in F ig . 1 f o r equal vo lumes o f 
C a F 2 : D y (dot -dashed l i ne ) , C a S 0 4 D y (dashed l ine ) , and CaF2 :na tu ra l (so l id l i ne ) . T h e shapes 
o f t h e g l ow curves are s imi la r t o those observed by o the rs .4 ,5 ,6 p o r C a F 2 : D y and C a S 0 4 : D y 
the he ight o f t h e highest peak was used as a measure o f t he T L . F o r conven ience , t he th ree 
peaks in CaF2 :na tu ra l were labled 1 , 2 , and 3 in ascending t e m p e r a t u r e o r d e r , and n o r m a l l y 
changes in b o t h peaks 2 and 3 were f o l l o w e d , again using t h e peak he igh t . O n th is basis 
C a F 2 : D y gives a b o u t 3 0 % m o r e T L t han the same v o l u m e o f C a S 0 4 : D v , as s h o w n in F ig . 1 . T h e 
response o f CaF2 :na tu ra l is a b o u t ten t imes smal ler ; hence, its g l ow curve has been increased a 
f a c t o r o f t e n in t h e f i gu re . T h e response o f CaF2 :na tu ra l m i g h t be increased i f t he h igh 
t e m p e r a t u r e anneal ing were in N2 and n o t air .7 

b) Be ta -Ray I r r a d i a t i o n f r o m In te rna l 45ca (and 35s) 

When c a l c i u m c o m p o n d s are exposed t o t he rma l n e u t r o n s , some o f t h e 4 4 c a ( a = 1 , 1 b , 
na tura l abundance = 2 , 0 6 % ) is ac t i va ted t o 4 5 c a a beta e m i t t e r w i t h a 165 d ha l f - l i f e . T o 
observe o u r phospho rs ' response t o th is in te rna l a c t i v i t y , we i r rad ia ted a sample o f each f o r 
1 m i n in I E A R - 1 . Several days la ter , p h o s p h o r was p laced in the read ing pan and heated one 

sensit ive t o l ig l i t so t l i a t a 10 second exposure t o incandescent r o o m l igh t c o u l d be de tec ted . 
Since w o r k unde r d a r k r o o m c o n d i t i o n s was n o t conven ien t , t he samples were annealed in air 
f o r 4 5 m i n at 570OC w h e r e u p o n the l igh t i nduced T L was jus t de tec tab le a f t e r a 10 m i n 
exposure t o r o o m l igh t . Sens i t i v i t y t o gamma-rays is also reduced b y the anneal ing t r e a t m e n t . 
Several batches o f a b o u t 2 grams each were prepared and t w o were selected f o r f u r t h e r s tudy 
o n t h e basis o f t he i r s im i la r response t o gammas. L i gh t was n o r m a l l y avo ided excep t f o r 
subdued r o o m l igh t d u r i n g t h e reading process. 

The C a F 2 : D y ( T L D - 2 0 0 ) and C a S 0 4 : D y samples were purchased f r o m Harshaw 
Chemica l , t he f o r m e r s ta ted t o be 8 0 t o 2 0 0 T y l e r , and the la t ter f o u n d t o pass 8 0 mesh and 
n o t 2 0 0 mesh . T h e C a F 2 : D y was annealed at the highest read ing t e m p e r a t u r e be fo re use, 
n o m i n a l l y 400OC. T h e C a S 0 4 : D y p o w d e r was i n i t i a l l y annealed 9 0 m i n at 700OC, t h e n at 
400OC f o r reuse.4 

G a m m a i r r ad i a t i on was at t w o meters f r o m a 4 0 C i 1 3 7 c s source , and m i x e d f ie ld 
i r rad ia t ions occu red at a p n e u m a t i c a l l y served s ta t i on alongside the core o f l E A R - 1 , t he 
s w i m m i n g poo l reac tor loca ted at th is I ns t i t u te . T h e n e u t r o n f l u x at th is s t a t i o n is a b o u t 
2 X 1012 n / c m 2 -sec as d e t e r m i n e d b y go ld f o i l ac t i va t i on measurements . Samples were exposed 
in cy l i nd r i ca l p o l y e t h y l e n e capsules hav ing a 1 m m wa l l and 3 m m inside d iame te r . 

G l o w curves were recorded as p h o t o c u r r e n t against t i m e o n t w o Harshaw m o d e l 2 0 0 0 
systems, b o t h w i t h the p h o t o t u b e s at r o o m t e m p e r a t u r e . T h e re lat ive sens i t i v i t y o f t he t w o 
machines was c o m p a r e d by read ing i den t i ca l l y t rea ted L i F dos imeters in b o t h i n s t r u m e n t s . A l l 
measurements in th is w o r k were made by d ispensing a f i x e d v o l u m e o f p o w d e r . The 
co r respond ing masses are C a F 2 : D y , 20 .1 m g ; C a S 0 4 D y , 18.9 m g ; and C a F 2 : n a t u r a l , 20 .7 m g , 
w i t h the t o t a l f l u c t u a t i o n at a b o u t 0 .3 mg . A l t h o u g h t h e Harshaw readers d o heat t h e sensing 
t h e r m o c o u p l e l i near l y , a pa r t i cu la r peak 's pos i t i on is n o t r ep roduc ib le unless the read ing cyc le 
is r ig id l y c o n t r o l l e d : t i m e o f i n i t i a t i o n , t i m e o f t e r m i n a t i o n , and t i m e o f d rawer open and close. 
Since these c o n d i t i o n s were n o t me t f o r o u r measurements , re lat ive peak pos i t i ons be tween 
d i f f e r e n t g l ow curves are o n l y a p p r o x i m a t e . The heat ing pan's t e m p e r a t u r e was d e t e r m i n e d f o r 
a t yp i ca l cyc le b y s p o t w e l d i n g a t h e r m o c o u p l e t o an o ld pan and regis ter ing t h e t empera tu re 
against t i m e . Th is t e m p e r a t u r e curve is n o t s t r i c t l y l inear, as re f lec ted b y the s l ight non l i nea r i t y 
in t h e t empera tu re scale o f F ig . 1 , 
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m i n u t e at t he m a x i m u m t e m p e r a t u r e , n o m i n a l l y 400OC. (The p h o t o t u b e was inac t i va ted 
d u r i n g th is hea t i ng , o the rw ise t h e h igh l igh levels spo i l t he subsequent l ow level read ings) . T h e 
samples c o u l d t hen be read at var ious in terva ls t o d e t e r m i n e the response as a f u n c t i o n o f t h e 
se l f - i r rad ia t ion t i m e . Th is t e c h n i q u e has the advantage t h a t spur ious luminescence is largely 
e l im ina ted since the p o w d e r is n o t hand led be tween readings. 

100 300 
PAN TEMPERATURE (°C) 

Fig . 1 
T h e T L i n d u c e d b y a 1 R e x p o s u r e t o 137cs g a m m a . 
D o t - d a s h e d l i n e , C a F 2 : D y . Dashed l ine , C a S 0 4 : D y . 
S o l i d l ine , C a F 2 : n a t u r a l . 

T h e responses o f t h e th ree phosphors are s h o w n as a f u n c t i o n o f t h e self i r r a d i a t i o n t i m e 
in F ig . 2 . In con t ras t t o gamma i r r a d i a t i o n , C a S 0 4 : D y gives a b o u t 5 t imes m o r e T L t h a n e i the r 
C a F 2 : D y or CaF2 :na tu ra l (peak 3), T h e shapes o f t h e g l o w curves are largely unchanged f r o m 
those s h o w n in F ig . 1 , a l t h o u g h peak 2 in CaF2 :na tu ra l is re la t ive ly smal ler c o m p a r e d w i t h peak 
5, as i nd i ca ted in F ig . 2 . Some o f t he response in C a S 0 4 : D y can be a t t r i b u t e d t o 35$ (88 d 
ha l f - l i fe ) created d u r i n g i r r ad ia t i on f r o m 34s ( C T = 2 0 0 m b , na tu ra l abundance = 4 . 2 2 % ) . 
Assum ing t h a t t h e T L is p r o p o r t i o n a l t o t h e t o t a l decay energy t imes t h e n u m b e r o f 
d i s in teg ra t i ons , one f i nds t h a t t he 35s c o n t r i b u t i o n in C a S 0 4 : D y w o u l d be a b o u t 7 0 % t h a t o f 
45ca d u r i n g the f i r s t 10 days. T h e r e f o r e , cons ider ing o n l y the 45ca decay , C a S 0 4 : D y is a b o u t 
3 t imes m o r e sensit ive t h a n t t he o t h e r t w o phosphors . (We suppose t h r o u g h o u t t h a t 
i n te rac t ions w i t h fast neu t rons are negl ig ib le. ) T h e great ly increased re lat ive response o f 
CaF2 :na tu ra l m a y cor re la te w i t h an increased sens i t i v i t y t o l igh t . (See be low . ) T h e l inear 
response is expec ted in all cases since the t imes are sho r t c o m p a r e d w i t h the hal f - l ives. 

A n y a p p l i c a t i o n o f these mater ia ls t o h igh f l uence d o s i m e t r y requires k n o w i n g t h e 
response as a f u n c t i o n o f i r r ad ia t i on t i m e ( i .e. f l u e n c e ) . The l inear response in F ig . 2 leads us t o 
expec t a l inear behav ior w i t h n u m b e r o f d i s in teg ra t ions and hence w i t h n e u t r o n exposure as 
w e l l . S ince samples exposed t o h igh f l uence c a n n o t be reused, ve r i f i ca t i ons o f t h e response 
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Fig . 2 
T h e g r o w t h o f t h e T L as a f u n c t i o n o f t h e s e l f - i r r a d i a t i o n t i m e , f o r a 
1 m i n u t e i r r a d i a t i o n . 

concen t ra ted on CaF2 :na tu ra l because i t is inexpens ive . In a t y p i c a l e x p e r i m e n t , samples o f 
CaF2 :na tu ra l were i r rad ia ted f o r 0 .5 , 1 , 2 , 4 , and 6 m i n in I E A R - 1 , and t h e n a f te r several days 
t h e y were annealed at 4 0 0 0 C , s to red in capsules, later read, annealed aga in , s to red f o r a 
d i f f e r e n t t i m e , read, and so f o r t h . In F ig . 3 t h e heights o f peak 2 and 3 are s h o w n as a f u n c t i o n 
o f t h e or ig ina l i r r ad ia t i on t i m e , f o r readings t a k e n a f te r 16 h storage. T h e response is l inear f o r 
peak 2 , as e x p e c t e d , and peak 3 also appears t o respond l inear ly t h o u g h t h e r e is m o r e 
f l u c t u a t i o n . T h e h igh exposure i nhe ren t in t he i r r ad ia t i on increases t h e l igh t sens i t i v i t y o f 
CaF2 :na tu ra l t he o rde r o f 10 t imes . Th is increase does n o t depend s t r ong l y o n i r r a d i a t i o n t i m e 
0.5 t o 6 m i n , and p r o b a b l y cor responds t o the f i l l i n g o f deep t raps o r i g i na l l y e m p t i e d b y 
annea l ing . F i l l i ng such deep t raps c o u l d cause the increased relat ive sens i t i v i t y o f CaF2 :na tu ra l 
t o in te rna l betas.6 

In any case, t h e increased l i gh t sens i t i v i t y c a n n o t a c c o u n t f o r t h e p o o r r e p r o d u c i b i l i t y 
genera l ly e n c o u n t e r e d in these e x p e r i m e n t s . (F igure 3 is t he best run . ) T y p i c a l l y t w o o u t o f f i ve 
capsules, e i the r w i t h ascending or ident ica l i r r ad ia t i ons , w o u l d d isp lay unsu i tab le response 
despi te s im i la r hand l i ng o f all samples. Somet imes peak 3 w o u l d be at a b o u t t h e expec ted level , 
b u t peak 2 m u c h h igher t han e x p e c t e d , and somet imes b o t h peaks w o u l d be h igher t h a n 
e x p e c t e d . S im i l a r p rob lems were n o t e n c o u n t e r e d w i t h C a F 2 : D y and C a S 0 4 : D y , b u t these were 
n o t used ex tens ive l y . 

Despi te these p rob lems , we can establ ish a l i m i t f o r t he lowest de tec tab le f l uence b y 
m a k i n g t h e l inear e x t r a p o l a t i o n s i m p l i e d in Figs. 2 and 3 . Fo r C a S 0 4 : D y the signal a f te r 0 .5 h 
and 1 m i n i r r ad ia t i on (F i g . 2) is a b o u t 9 t imes larger t h a n the smal lest de tec tab le o n e . Since t h e 
f l uence in th is case is a b o u t 1.2 x 1 0 l 4 n / c m 2 we c o n c l u d e t h a t f o r 0 .5 h storage the lowes t 
de tec tab le f l uence w o u l d be a b o u t 1.3 x 1 0 1 3 n / c m 2 . T o de tec t l owe r f luences the storage t i m e 
m u s t be increased, a l t h o u g h th is recourse also has l im i t s . F o r these l ong ha l f - l i fe decays t h e 
f u n d a m e n t a l l i m i t is t h a t t h e in te rna l a c t i v i t y mus t induce T L at a rate c o m p a r a b l e t o t h a t due 
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t o back -g round rad ia t i on and na tu ra l i n te rna l a c t i v i t y . T y p i c a l l y , th i s b a c k g r o u n d is equ iva len t 
t o t h e o rde r o f 0 .5 m R per d a y , and we ra ther a r b i t r a r i l y de f ine the d e t e c t i o n l i m i t as 2 0 % 
above the b a c k g r o u n d , o r t h e equ iva len t o f 0.1 m R per day . T h e g r o w t h observed f o r 
C a S 0 4 : D y in F ig . 2 is t he gamma equ iva len t o f a b o u t 6 .8 m R / h . Reduc ing th i s r a te t o 0.1 m R 
per day impl ies a r e d u c t i o n o f t he de tec tab le f l uence t o a b o u t 4 x l O ^ O n / c m 2 ( 4 0 r e m ) . F o r 
C a F 2 : D y t h e value w o u l d be a b o u t 2.5 x lO^ 1 n / c m 2 (5 t imes less T L per n e u t r o n , 3 0 % h i g h e r 
sens i t i v i t y t o b a c k - g r o u n d ) . These est imates are o n l y va l id i f t he sens i t i v i t y t o b a c k - g r o u n d 
remains unchanged a f te r t h e n e u t r o n exposu re . Since t h e re lat ive sensi t iv i t ies change th is m a y 
n o t be the case. T h e CaF2 :na tu ra l can be supposed t o change sens i t i v i t y , as ev idenced b y 
chang ing l igh t response. 

0 2 4 6 
IRRADIATION TIME (min) 

Fig . 3 
T h e T L as a f u n c t i o n o f t h e o r i g i n a l i r r a d i a t i o n t i m e f o r a 1 6 h 
storage t i m e . (Th is da ta is n o t t y p i c a l - see t e x t ) . 

In any case t h e lowest de tec tab le f l uence o f 4 x 1 0 ^ 0 n / c m 2 (abou t 4 0 rem) f o r 
C a S 0 4 : D y can be cons idered as an o rde r o f m a g n i t u d e b o u n d a r y f o r use o f Ca (and 34s) 
ac t i va t i on as a dos ime te r . I so tope e n r i c h m e n t c o u l d p rov ide an i m p r o v e m e n t b y a f a c t o r o f 
a b o u t 4 5 , and storage in l o w b a c k g r o u n d e n v i r o n m e n t s c o u l d also i m p r o v e sens i t i v i t y . 
E m p l o y i n g th is sys tem at h igh f l uence m a y be usefu l since o t h e r T L systems sa tu ra te . Expos ing 
T L D - 1 0 0 , 6 0 0 , and 7 0 0 1 m i n in I E A R - 1 gives g l o w curves c lear ly in the sa tu ra t i on reg ion , 
a l t hough t h e curve 's shape m i g h t st i l l give t h e absorbed dose.8 T o reach t h e l o w f l uence reg ion 
useful f o r personnel d o s i m e t r y , a m e t h o d mus t be f o u n d t o o b t a i n m o r e T L per d i s i n t e g r a t i o n , 
o r t h e sys tem mus t re ly o n a d i f f e r e n t i so tope . 

c) Beta -Ray I r r a d i a t i o n f r o m In te rna l 1 6 5 D y 

L ike 44ca, 1 6 4 D y (CT=2600b, na tura l abundance = 2 8 . 2 % ) can p r o d u c e T L a f te r 
ac t i va t i on t o IBSoy, t he la t te r a beta e m i t t e r w i t h a 2 .32 h ha l f - l i f e . T o observe T L due t o 
decay o f th is i so tope , a recen t l y i r rad ia ted sample was p laced o n the reading pan and read every 
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ha l f - hou r , w i t h o u t m o v i n g t h e sample . F igure 4 shows t h e decay in t h e i nduced T L as a 
f u n c t i o n o f t i m e elapsed since a 1 m i n i r rad ia t i on in I E A R - 1 . Each p o i n t f o r C a F 2 : D y is 
m u l t i p l i e d by 10 t o e l im ina te over lap o f t h e t w o curves. T h e decay c lear ly f o l l o w s t h e 2.32 h 
ha l f - l i fe f o r 165Dy w h i c h is i nd i ca ted b y the so l id l ines. In the f ina l stages b o t h samples leave 
the exponen t i a l decay as longer ha l f - l i fe isotopes begin t o i n f l uence the response. F o r 
C a S 0 4 : D y t h e expe r imen ta l po i n t s are i n i t i a l l y s l igh t l y above the I S S p y decay l ine , i nd i ca t i ng 
t h a t ano the r sho r t ha l f - l i fe i m p u r i t y may be present . E x t r a p o l a t i n g t o t h e i r r ad ia t i on t i m e , and 
c o m p a r i n g w i t h the ^^Ca results s h o w n in F ig . 2, we can c o n c l u d e t h a t in t he f i r s t 0.5 h t h e 
165oy decay produces at least 7 x 10^ m o r e T L t han 45ca. In one day the 165oy decay w o u l d 
p roduce a p p r o x i m a t e l y 1 x 103 m o r e T L t h a n 45ca. Th is w o u l d l owe r t h e l i m i t f o r t h e 
detec tab le f l uence t o a b o u t 4 x 10^ n / c m 2 (40 m r e m ) f o r e i the r C a S 0 4 : D y o r C a F 2 : D y (30% 
h ighe r ) , again suppos ing t h a t t he sens i t i v i t y t o b a c k g r o u n d rad ia t i on is n o t changed. A l s o , w e 
have supposed t h a t there is no t i m e de lay be tween i r r ad ia t i on and the s tar t o f storage. In 
p rac t ice th is c o u l d o n l y be real ized by i r rad ia t ing a t h igh t e m p e r a t u r e t o e l im ina te the 
i n te rmed ia te annea l . F i n a l l y , since th is case is n o t jus t a c o m p a r i s o n o f b a c k g r o u n d and 
se l f - i r rad ia t ion rates, t h e p h o s p h o r mus t be sensit ive enough t o de tec t t h e 0.1 m R supposed as 
the da i l y d e t e c t i o n l i m i t . 

10^ 
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o 
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102 

10 .0 

CaF2:Dy (xlO) 

CaS04:Dy 

J L 
10 20 

TIME (h) 

F i g . 4 
T h e T L i n d u c e d in a 0 .5 h s e l f - i r r a d i a t i o n as a f u n c t i o n o f 
t i m e since t h e or i g i na l i r r a d i a t i o n . T h e s o l i d l ines 
represent decay w i t h a 2 .32 h hal f •'life. 
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Several i m p r o v e m e n t s on the 1 6 4 D y sys tem are possib le. A f a c t o r o f a b o u t 3 c o u l d be 

o b t a i n e d by i so tope e n r i c h m e n t . More i m p o r t a n t , t he D y c o n c e n t r a t i o n m i g h t be increased, o r 

t he sys tem m i g h t be changed t o a m i x t u r e o f some D y c o m p o u n d and a T L p h o s p h o r . 

S ign i f i can t i n t e rac t i on w o u l d be expec ted be tween t h e t w o powders since the m a x i m u m be ta 

range is a b o u t 2.1 m m ( in C a S 0 4 ) . 9 (S imi la r i n t e r a c t i o n f r o m 45ca betas is sma l l , as w e have 

observed, because t h e m a x i m u m range in C a S 0 4 is a b o u t 0 .15 m m . ) A m i x t u r e o f D y 2 0 3 and 

L i F , f o r examp le , w o u l d have t h e advantage o f be ing reuseable, even a f te r exposure t o h igh 

f l uence . 

R E S U M O 

F o r a m e x a m i n a d o s três f ó s f o r o s t e r m o l u m i n e s c e n t e s c o m u n s , C a S 0 4 : D y , C a F 2 : D y e C a F 2 : n a t u r a l , 
a f i m de d e t e r m i n a r as suas ap l icab i l idades na d o s i m e t r i a de n e u t r o n s t é r m i c o s . A s amost ras são expos tas a 
n e u t r o n s t é r m i c o s (e o u t r a s rad iações) , que a t i v a m alguns dos núc leos desses f ó s f o r o s . E m seguida , as mesmas 
são armazenadas, h a v e n d o a u t o - i n d u ç ã o de t e r m o l u m i n e s c ê n c i a d e v i d o ao f a t o das amost ras serem i r radiadas 
c o m raios beta dos núcleos a t ivados . A t e r m o l u m i n e s c ê n c i a é e n t ã o m e d i d a e, c o m o o seu v a l o r está 
re lac ionada c o m a e x p o s i ç ã o in ic ia l de n e u t r o n s , p o d e ser u t i l i z a d a para d o s i m e t r i a . Os f ó s f o r o s c o n t é m 
núcleos aprove i táve is de ^Ca o u ' ' 6 4 Q y (e 34s). Os l i m i t e s de f l u ê n c i a dete táve l f o r a m d e t e r m i n a d o s 
e x t r a p o l a n d o - s e os resul tados e m f luenc ias mais al tas. C o n s i d e r a n d o o d e c a i m e n t o de I ^ B Q y ^ c o m me ia v i d a 
de 2 ,3 horas, calcula-se q u e a f l u e n c i a m í n i m a dete táve l seja da o r d e m de 5 x 1 0 ^ n / c m 2 . N o caso d o 
d e c a i m e n t o de 45ca de meia v ida 165 dias, este l i m i t e a u m e n t a para a p r o x i m a d a m e n t e 5 x 1 0 ' ' ° n / c m 2 . 
Possíveis m e l h o r a m e n t o s são d i s c u t i d o s . 

R E S U M E 

T r o i s p h o s p h o r s t h e r m o l u m i n e s c e n t s c o m m u n s , C a S 0 4 : D y , C a F 2 : D y et C a F 2 : n a t u r e l o n t été é tud iés 
a f i n de d é t e r m i n e r la poss ib i l i t é de leur a p p l i c a t i o n en d o s i m e t r i e de n e u t r o n s t h e r m i q u e s . T o u t d ' a b o r d , le 
p h o s p h o r e est exposé aux n e u t r o n s t h e r m i q u e s (et à d 'au t res r a d i a t i o n s ) p r o v o q u a n t I ' a c t i v a t i o n des n o y a u x 
dans le p h o s p h e r e . E n s u i t e , le p h o s p h o r e est s t o c k é p o u r sub i r une s e l f - i r r a d i a t i o n aux n o y a u x in te rnes 
r a d i o a c t i f s , dans ce cas, é m e t t e u r s be ta . La t h e r m o l u m i n e s c e n c e i n d u i t e par l 'émiss ion be ta p e n d a n t le 
s tockage depends de l ' e x p o s i t i o n i n i t i a l l e des n e u t r o n s , e t p e u t ainsi t o u r n i r u n système de d o s i m e t r i e . Les 
p h o s p h o r e s c o n t i e n n e n t les isotopes u t i l i sab les ^ ^ C a o u 1 6 4 D y (et 34s). |_es l i m i t e s p o u r le p l u s f a i b l e f l u x 
dec tab le f u r e n t d é t e r m i n é s par e x t r a p o l a t i o n des résu l ta ts des mesures de haute f l u x . E n u t i l i s a n t la 
décroissance de ISSoy avec le p é r i o d e de 2 ,3 heures, le plus f a i b l e f l u x d e t e c t a b l e est e s t i m é à e n v i r o n 
5 x 1 0 ^ n / c m 2 . En u t i l i s a n t la décroissance d u '^^Ca de p é r i o d e 165 j o u r s , c e t t e l i m i t e est d ' e n v i r o n 
5 X 10 ' ' 0 n / c m 2 . Des m é t h o d e s d ' a m é l i o r a t i o n s o n t d iscutées. 
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