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In  the following letter account is given of a series of experiments on the lifetime 
distribution of positrons annihilating in nonstoichiomctric KC1 single crystals colored 
by E-centers ii1 concentrations of the order of 1017 centers per cm 8. The role played by 
crystal defects in determining the fate of positrons in an alkali halide crystal was 
conjectured by CTOL'DANSKII and PROKOP'EV (1), with explicit reference to the possibility 
of the formation of a Ps-like s~stem in voids created by ionic vacancies. As regards 
stoichiometric crystals, only two experiments intended to study the effectiveness of 
crystal defects on the annihilation spectrum have been reported (2.3). In  this case, 
it  is believed that  positive ion vacancies have the highest positron capture cross- 
section (~). Quite recently, HERLACH and HEINnICr~ (5) revealed a low-momentum 
component in the angular distribution of y-rays emitted by positrons annihilating in 
additively colored KC1. This component was at tr ibuted to positrons trapped in E-centers. 

In  the present experiment, positron lifetime spectra are measured both for additively 
and electrolitieally colored KCI. Heat treatments were made in order to obtain the 
highest E-center concentration, or, alternatively, a partial conversion to colloidal centers 
(X-centers, following the nomenclature adopted by SCHVLMANN and Co~tPTOl~ (~)): 
in the former case, heating at 550 °C for (75--90)s followed by quenching by contact 
with a cold copper mass; in the second case, heating at 300 °C for 90 min followed by 
quenching. After the heat treatment,  the crystals (two small slabs, approximately 
(10 × l0 x 1.5) mm 3) were mounted with a 32N positron source on mica foils (0.7 mg/cm 2 
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thick),  and  wrapped  in l ight -proof  a luminum foil. The ent i re  manipu la t ion  was con- 
due ted  in subdued  red l ight .  The l i fet ime spect ru in  was then  measured  wi th  the  s t a n d a r d  
m e t h o d  descr ibed in previous  papers  (see i'ef. (a) ) .  the  p r o m p t  curve of the  t i in ing 
appara tus  has a F . W. H. M.  of 3.O.lO ~0s. lneasured wi th  "°Co , f r ays .  I m m e d i a t e l y  
af ter  the t ime measuremen t ,  the opt ical  absorp t ion  of a th in  slice cut from t h e  
crysta l  sample  was de t e rmined  in a Hi tachi  P e r k i n - E h n e r  EPS-3T spec t ropho tome te r .  
Smakula ' s  equa t ion  (:) was appl ied to calculate F - c e n t e r  concent ra t ion .  The accm'aey 
of the  ob ta ined  concen t ra t ion  values is e s t ima ted  to be of the  order  of 10°o. er rors  
being main ly  due to the  incomple te  homogene i ty  in colorat ion,  and to the  need to  
read  opt ical  densi t ies  which were somet imes  very  high in re la t ion to the spee t ropho to -  
me te r  sens i t iv i ty .  

The effect of coloring on pos i t ron  amfihi la t ion is a marked  d is tor t ion  of the t inm 
spec t rum.  At least three  exponen t ia l ly  decaying componen t s  are found,  whereas  only  
two componen t s  exist  in a s to ichiometr ie  crysta l  (a.~). The exper immi ta l  results  are 
collected in Table I:  the  componen t s  in this  Table are n u m b e r e d  in order  of increasing 
mean  life. 

TABLE I. M e a n  lires and intensit ies o] posi trons aan, ihi lat ing itt colored KC1. 

~ ' - C e l l t e r  
X-center  concert- r 1 T z r a 

t r a t ion  concen- (10 ~o s) (lO ~o s) (10 - ' °  s) 
101: era_a) t r a t ion  

1.14_L0.1 low(")  
3.2 ± 0.3 high (b) 
4.1 _--I).4 h)w 
5.2 ± o.5 hi,~h 
8.8 ~ I).9 low 

1 . 8 - -0 . 2  5 .01 - -0 .15  9 . 6 0 - 0 . 2 0  
1 . 7 ± 0 . 2  4.56:_-0.15 9 . 0 6 ~ 0 . 2 0  
1 . 4 - - 0 . 2  4 . 3 7 ± 0 . 1 5  9 . 8 7 ± 0 . 2 0  
1.2 x_ O.2 4.29-~ 0.15 9.09 ~ 0.20 
1 . 3 - - o . 2  3 . 9 3 ~ 0 . 1 5  9 . 6 2 -  0.3O 

I 1 
(%) 

26 _t_ 

2 9 -  
O')~_ 

234- 
1 2 +  

to;)  (%) 

60.3 ~ 3.(i) 8.3 ± 1.0 
4 8 . 1 ~ 2 . 4  1 6 . 3 ~ 1 . 0  
6 0 . 2 - 3 . 0  1 6 . 9 _ i . 0  
5 4 . 3 ± 2 . 7  2 1 . 0 = c l . 5  
5 4 . 5 ± 2 . 7  3 1 . 7 -  1.5 

(a) Not revealed to the speetrophotometrie analysis. 
(b) Potassimn excess of the order of 5.10 ~7 atoms/era ~. 

I t  call be no ted  t h a t :  

i) Tile in t ens i ty  [a increases wi th  increasing F - c e n t e r  concen t ra t ion .  This  
dependence  is shown in Fig, 1: c o m m e n t s  on the  form of the  curve d rawn  th rough  the  
exper imenta l  poin ts  will be made  below. 

ii) As shown in Fig.  2, the decay ra te  F a -  1/r a is i n d e p e n d e n t  of F - c e n t e r  eon- 
cent ra l ion ,  while F..,--- 1/r., folh)ws an increasing t rend .  The shor tes t  mean life r t varies 
i r regular ly :  it  is very  likely t ha t  this  shor t - l ived componen t  is the  sum of two unreso lved  
exponent ia l s .  

iii) The presence of a s to ichiometr ic  excess of po tass ium in the  form of colloidal 
color eent,,r is uneffect ive so far as concerns the t ime spec t rum dis tor t ion  at  the  a t t a i n e d  
concen t ra t ion  level ( ~  5-I(P v po tass ium a toms per  cma). 
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Accord ing  to t he  in te rpre ta t ion  proposed for angular-corre la t ion results by  HERLAOH 
and HEIN~ICH, i t  seems ev iden t  t ha t  posi t rons m a y  be cap tured  by  -~-centers. The 
sys tem so fo rmed  can be  p ic tu red  as a Ps -a tom bound  in a vacan t  nega t ive  ion site. 
Thus the  th i rd  componen t  t ha t  was revea led  in the  present  exper iment  is to be inter-  
p re ted  as due to the  decay of the  or tho-s ta te  of this system via  2y pick-off annihi la t ion.  
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Fig. 1. - Intensity of the third component I~ as 
a function of n, number of F-centers per cm t. 

~ 20 

~s 

7 m 

C~ 

k N I - - - . m - - - -  _ - - - ~ _ _  t : : : : : ~=~  . . . . .  

5 I~0 
n (lO~7cm -~) 

Fig.  2. - Decay  ra tes  F s =  l/vs an d  F~ = l /v t  
p lo t t ed  agains t  n, n u m b e r  of F -cen te r s  per  cmL 

The ionizat ion p robab i l i ty  is fair ly low, as indica ted  by the  cons tancy  of F a. The model  
requires  the  exis tence of a pa r s - s t a t e  componen t  which in t he  present  expe r imen t  
has p roba ly  not  been correct ly  resolved, as a l ready ment ioned.  Consistent  wi th  the  
above in te rpre ta t ion ,  the  f i t t ing curve  of Fig.  1 has the  equa t ion  

3 
(1 )  I~  - 

4 a + n  

In  the  above formula  n indicates  the  number  of F-cen te r s  per  uni t  vo lume  and a 
(12.39.101~ cm -a) is an empir ical  constant ,  calculated by means  of a least-squares method.  
The fac tor  ¼ gives the  correct  as impto t ic  value,  in  t he  hypothesis  t h a t  or tho and p a r s  
states are formed in propor t ion  to the  respect ive s ta t is t ical  weights .  A m a t h e m a t i c a l  
expression l ike eq. (1) can be der ived  f rom the  equa t ion  sys tem discussed in ref. (3) 
wi th  the  aid of some s impl i fying assumpt ions ;  however ,  since avai lable  exper imenta l  
in format ion  is stil l  scarce, i t  is safer to consider the  drawn curve  as an empir ica l  f i t t ing. 

The  var iab i l i ty  of the  decay ra te  F~ indicates  t ha t  this  pa rame te r  does not  represent  
a pure  annihi la t ion  rate,  bu t  is the  resu l tan t  effect of at  least  two  compet i t ive  processes:  
annihi la t ion or, a l te rna t ive ly ,  t rans i t ion  to a s ta te  bound to F-centers .  


