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S u m m a r y .  - -  The time annihi lat ion spectrum of positrons in alkali  halides 
was invest igated by means of high-resolution t iming technique. The 
decay was found to be complex in agreement with previous results. The 
spectra were consistently resolved in two components and in some cases 
in three components.  The analysis of the  whole set of the measured life- 
times and intensit ies has allowed to gain insight into some pecl~liarities 
of the decay;  a discussion is given on the basis of a model in which the 
positron is considered as being bound to a negative ion. By assigning the 
main components,  31 and v~, to the  annihilat ion from the ground and 
first excited levels, the system (anion-e +) was found to have a size 
(a few 10 -3 cm) that  makes plausible its existence inside the  crystals. 

1 .  - I n t r o d u c t i o n .  

The  l i f e t i m e  s p e c t r u m  of p o s i t r o n s  a n n i h i l a t i n g  i n  a lka l i  ha l ides  was  in- 

v e s t i g a t e d  b y  BIsI ,  FIORENTINI a n d  ZAPPA (1.~) a few y e a r s  ago.  A n  out -  

s t a n d i n g  f e a t u r e  of t h e s e  s p e c t r a  is t h e i r  c o m p l e x i t y  (a t  l e a s t  two  c o m p o n e n t s  

were  shown) wh ich  ru les  ou t  t h e  old  p i c t u r e  of a n  u n i q u e  f a t e  for  a l l  pos i t rons .  

On t h e  o t h e r  h a n d ,  t h e  f ac t  t h a t  no  n a r r o w  c o m p o n e n t s  h a v e  been  o b s e r v e d  

in  a n g u l a r - c o r r e l a t i o n  m e a s u r e m e n t s  of t h e  2 a n n i h i l a t i o n  q u a n t a  (3) a n d  ad-  

d i t i o n a l  e x p e r i m e n t a l  ev idence  f rom t h r e e - q u a n t u m  d e c a y  y i e l d  (4) exc lude  

(1) A. BISI, A. FIOR:ENTINI and L. ZAePA: Phys. Bey., 13I, 1023 (1963). 
(2) A. ]3isI, A. FIORENTINI and L. ZAPPA: Phys. Rev., 134, A 328 (1964). 
(s) A. T. STEWART and N. K. POPE: Phys. l~ev., 120, 2033 (1960). This article 

gives references to earlier works. 
(a) A. BIsI, C. BUSSOLATI, S. Cov~ and L. ZAPPA: Phys. Rev., 141, 348 (1966). 
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tha t  a bound state with annihilation characte istics similar to those of the 

posi t ronium atom is the cause of the long-lifeti~,e component.  ~'hese results 

have been interpreted as evidence for the formation of a positron bound system, 

in which the negative ion plays a predominant  role. The nature of such a 

system is still rather unknown although various hypotheses have been for- 
warded. GOL'DAS"S~H and PROtCOVEV (57) have proposed three kinds of bound 

states:  a) the system anion-e +, b) positron polaron state and c) positron bound 

to crystal  defects. BRANDT (8) has examir_ed a model in which the positron 

is t rapped in a vacancy A-center.  However these suggestions on positron 

decay in alkali ha]ides must  be regarded as merely tent~tive, owing to the 
fact  tha t  the experimental  background was far from being sufficient to draw 

definite conclusions. Recent  improvements  in fast- t iming techniques have 

made  available further resolution in the t ime spectra so tha t  one is faced with 

the necessity of re-examining with greater accuracy the annihilation spectr~. 

I n  the present paper we report  the results of such an investigation with 

the aim of get t ing a more extensive and solid experimental  basis for future 
theoretical work 

2.  - E x p e r i m e n t a l  procedure .  

The positron emitter  (22Na from a carrier-free neutral  aqueous solution) 

was deposited on a thin mica foil (1 mg/cm ~) ; a second identical foil was placed 
over it and the source so assembled was sandwiched between the specimens 

under  investigation. The specimens were multicrystalline analytical reagent- 

grade chemic,,als; in some cases single c rys~ls  were used too. The whole process 
was carried out in a glove dry  box and the sandwich source-specimen was 

enclosed in a hermetically sealed Lucite container. 

The measurements of the t ime annihilation spectra were performed in a 
conventional  way;  the experimental  set-up has been previously described (9). 

We shall mention here only tha t  two different sets of t iming ins t rumentat ion 

were used; the prompt  t ime resolution curves for the conditions of the present 

experiment have sides simulating a single exponential  decay through at least 
four decades. The full widths at  half maximum are 3.5.10 -~° s and 2.8.10 -~° s 

respectively and the logaritmic slopes of the sides correspond to a half-life 
of 6.0-10-H s and of 4.5.10-1'  s respectively. 

(5) V. I. GOLtDANSKII and E. P. PROKOI"•V: Soy. Phys. Solid State, 6, 2641 (1965), 
(s) l~,. P. PROKOI"EV: Soy. Phys. Solid State, 8, 368 (1966). 
(7) V. I. GOL'DANSKII and E. P. PROKOP'EV: Soy. Phys. Solid State, 8, 409 (1966). 
(s) W. BRANDT: Contribution to the Proceedings o/ Wayne Con]erenee on Positron 

Annihilation (Detroit, 1965). 
(9) C. BUSSOLATI, S. COVA and L. ZA~'t'A: NUOVO Cimento, 50B, 256 (1967). 
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The lifetimes and intensities were obtained after subtract ion of the mica 
contribution according to the procedure indicated by  BERTOLACCLNI and 

ZAPPA (~0); the analysis of the spectral shape was performed with a maximum- 

likelihood method which was described in a previous paper (u) and will not 

be reported here. I n  addition, a series of exponentials was fitted to the data 

points by a least-square method;  in this case a 7040 IBM computer  was used. 

No significant difference was found in the lifetimes and intensities of the 

spectral components,  arising both from the different operational features of 

the two t iming chains used, and from the two different t rea tments  employed 

in the data reduction process. 

3 .  - R e s u l t s .  

The inspection of the t ime spectra showed tha t  in some halides a tail 

accompanied the main components which, if interpreted as arising from an 
exponential decay, indicates the existence of a Iongdifetime (longer than 10 -8 s) 

component of faint  intensi ty (lower than  2 percent). Lifetime and intensity 

of this tail change when passing from multicrystalline to single-crystal speci- 

mens while the main  components remain unaltered. Hereaf ter  we will not  

take into consideration this tail and its origin; we wish only mention that  

powder grains have been found to be responsible of long-lifetime components 
in various specimens (12.13). However we shall point  out tha t  in a few cases 

of Table I the a t t r ibut ion of the (( tail ~) is questionable. 

Figures 1 and 2 show two typical spectra of positrons annihilat ing in alkali 
halides, in which two and three components respectively are clearly distinguish- 

able. All the results of our measurements  are collected in Table I where the 

stated errors are conservative estimates and do not  arise only from the scatter 

of experimental  results. I f  one compares these data  with those reported in 
previous papers (1.~), i t  can be seen tha t  in some cases the agreement is satis- 

factory, while in other cases a disagreement is evident. This fact  can be 

ascribed mainly to the lower resolution of the old experimental  apparatus.  
Table I is set up in such a m~nner as to imply a classification of the dif- 

ferent components.  Here the indexes 0, 1, 2, 3 individuate the components in 

order of increasing lifetime; those having the same index should have the same 
origin. For  instance, should we ascribe the various components to the anni- 

hilation of positrons from the first levels of a bound system, the same index 

(lO) M. BERTOLACCINI and L. ZAPPA: iYuovo Cimento B, to be published. 
(11) •. BERTOLACCINI, A. BISI and L. ZAPPA: IYUOVO Cimeuto, 46, 237 (1966). 
(1~) T. KOnONEN: Ann.  Aead. Sei. _Few~., A 6, 130 (1963). 
(la) ]~. PAULIN and G. AMBROSINO: Jouzn. Phys. et Radium, to be published. 



532 C. BUSSOLATI,  A. DUPASQUIER a n d  L. ZAPPA 

I .... . . . . . . . . . .  

50 60 70 80 90 I00 
chonnet  numbe r  

F i g .  1. - T i m e  s p e c t r u m  of  p o s i t r o n s  a n n i h i l a t i n g  in  LiC],  a f t e r  s u b t r a c t i o n  of  t h e  ta f t  
(1 c h a n n e l  = 0.88" 10 -1° s). 

o 
(9 

Co ~ i 

10 2 

t=O 

i 

1060 

\T =126"10-1°s =3.39 "lC)-l°s .86"10 s 

~ I • TM J 

7'0 LO ' ' t 8 90 100 110 120 130 
channe l  n u m b e r  

F i g .  2. - T i m e  s p e c t r u m  of  p o s i t r e n s  a n n i h i l a t i n g  in  CsBr  (1 c h a n n e l =  1 .03-10  - t °  s). 



H
al

id
e 

N
aP

 

K
F

 

R
b

F
 

L
iC

1 
I 

R
bC

1 

_
C

sC
1

 

L
iB

r 

N
aB

r 

K
B

r 

C
A

B
r 

L
iI

 

/ 
N

aI
 

R
 I

 

R
b

I 

C
sI

 

T 
o 

(1
0-

Io
 

s)
 

L L L L 

1.
26

 4
- 

0.
09

 

1.
69

 ~
= 

0.
12

 

1.
69

 ~
= 

0.
12

 

1.
83

 =
L 

0.
13

 

T 
1 

(1
0-

~o
 s

) 

1.
32

 ~
 

0.
07

 

1.
93

4-
 

0.
10

 

1.
80

 -
~ 

0.
09

 

1.
55

 ~
 

0.
08

 

1.
45

 ~
- 

0.
08

 

2.
36

 ±
 

0.
12

 

3.
13

 :
j:

 0
.1

6 

2
.7

5
~

 
0.

14
 

1.
99

 ±
 

0.
10

 

2.
02

 i
 

0.
11

 

T
A

B
L

E
 

I.
 

- 
M

ea
n

 
li

ve
s 

an
d 

in
te

ns
it

ie
s 

o/
 p

os
it

ro
ns

 
in

 
al

ka
li

 h
al

id
es

. 

T 
2 

(1
0 

lo
 s

) 

2.
97

 =
~ 

0.
09

 

3,
90

 ~
 

O
.0

9 

4.
24

 j
_ 

0.
13

 

3.
51

 j
_ 

0.
11

 

3.
89

 ~
 

0.
12

 

T 
3 

(1
0 

--
1°

 s)
 

10
.0

 
4-

 0
.3

 

7.
44

 ±
 

0.
22

 

9.
38

 ~
 

0.
28

 

10
.0

 
4-

 0
.a

 

12
.1

 
± 

0.
3 

T
t~

i]
 

(1
0-

Io
 s

) 

ll
.0

; 
18

.7
(*

) 

36
.0

; 
14

.4
(*

) 

17
.5

 

28
.9

 

40
.5

; 
24

.3
(*

) 

33
.7

 

42
.2

 

2.
97

 :
L

 0
.1

5 

2.
92

 ~
 

0.
15

 

3.
47

 4
_ 

0.
17

 

3.
39

 :
~ 

0.
17

 

3.
27

 -
L

 0
.1

7 

3.
28

 ~
 

0.
18

 

4.
01

 ±
 

0.
20

 

4.
25

 =
~ 

0.
21

 

3.
55

 ±
 

0.
20

 

4.
35

 ~
 

0.
13

 

6.
84

 ±
 

0.
20

 

6,
28

 ±
 

0.
19

 

4.
56

 ±
 

0.
14

 

4.
51

 ~
 

0.
14

 

5.
56

 J
L

 0
.1

7 

7.
46

 ~
 

0.
22

 

7.
55

 &
 0

.2
2 

6,
86

 4
_ 

0.
21

 

L 

6,
60

 4
- 

0.
20

 

7,
76

 4
. 

0.
23

 

7.
84

 _
~ 

4.
54

 

8.
05

 :
j:

 0
.2

4 

9.
80

 ±
 

0.
30

 

Io
 

(%
) 

I 

__
 

! I 

-!
 

--
 

64
:~

 
6 

2
6

~
=

3
 

5
5

±
5

 
_

_
 

--
 

8
5

L
-7

 

--
 

82
~ 

7 

17
 4

-2
 

6
3

±
 

5 

1
5

±
1

 
5

3
~

 
5 

2
4

~
:2

 
7

0
4

-6
 

fl
 

]2
 

O
/ 

G
/ 

( 
/O

 ) 
..

..
 

( 
/O

 ) 
...

.. 
, 

3
1

:~
2

 
, 

63
.1

 4
- 

3.
1 

2
7

4
-2

 

3
4

4
-3

 

2
1

-L
2

 

3
9

¢
 

3 

5
1

~
4

 

6
5

~
5

 
2

7
.6

±
0

.9
 

4
8

~
4

 
41

.3
 4

- 
2.

0 

2
7

~
-3

 
5

9
.3

~
-3

.0
 

4
2

=
~

4
 

5
4

.6
~

2
.7

 

66
.0

 4
. 

3.
2 

50
.0

 ~
 

2.
5 

61
.7

 4
- 

3.
1 

45
.9

 ~
 

2.
6 

49
.1

 ±
 

2.
4 

17
. J

 4
. 

0.
8 

16
.5

 ~
 

0.
7 

24
.2

 ~
 

1.
2 

22
.7

 ~
 

1.
1 

12
.9

 ~
 

0.
6 

10
.4

 4
- 

0.
5 

19
.6

 -
~ 

0.
9 

24
.1

 4
_ 

1.
2 

4.
0 

i 
0.

2 

13
 

(%
) 

9.
0 

-~
 0

.2
 

22
.8

 4
- 

0.
7 

23
.9

 4
- 

0.
6 

L 

7.
0 

4_
 0

.3
 

5.
0 

~-
 0

.2
 

m
 

/t
ai

l o/
 

(,
'o

) 

1.
s;

 
0.

4 
(*

) 

0.
8;

 
1.

3(
*)

 

0.
6 

1.
2 

1.
3;

 
1,

6(
*)

 

2.
0 

0.
8 

(*
) 

T
he

 f
ir

st
 n

um
be

r 
re

fe
rs

 t
o 

po
w

de
rs

, 
th

e 
se

co
nd

 t
o 

si
ng

le
 c

ry
st

al
s.

 



5 3 4  C.  B U S S O L A T I ,  A .  D U P A S Q U I E R  and L .  Z A P P J t  

should individuate the same level. At  present, however, we do not  consider 

a part icular  model, but  limit ourselves to pu t  in evidence those peculiarities 

of the decay which have suggested the classification given in Table I. They are: 

a) within each series of alkali halides (fluorides, chlorides, etc.) the t ime 

spectra display components  whose mean life changes slowly by  chang- 
ing the cation; 

b) within each series, the components have mean lives which are in a 

nearly constant ratio ( ~  2.2); 

c) this ratio remains nearly eonstsnt  by  passing from one series to 

another;  

d) the q and r2 values, classified as in Table I, show a nearly linear in- 

crease with the cube of the negative ion radius. The I~ values too 

I 

0 

/ 'C 2 

~4 

r I 

5 10 
R '_ 

Yig. 3. - Mean lives of positrons in 
lithium halides as a function of the 
cube of the negative-ion radius R .  
Units: v in 10-1°s, R_ in 10-Scm. 

appear  to increase with increas- 

ing negative-ion radius. Figures 3 

and 4 show these trends for 

l i thium halides. 

1.0 ~ 

! 
0.5 

! 
! / 

I.~ j . . . . . . . . . .  
0 1 2 3 4. 

R !  

Fig. 4. - Intensity of the ~1 component in 
lithium hMides as a function of the square 
of the negative-ion radius R_ (units: 

10-* em). 

4 .  - D i s c u s s i o n .  

The results of the previous Section show tha t  the negative ion largely in- 
fluences the positron lifetimes. On the other hand  it is well known from angular- 

correlation measurements of the 2 annihilation quanta  (3.~4), tha t  the positive 

(t*) M. KING and S. D~ BENEDETTI: Bull. Am. Phys. Soc., 12, 74 (1967). 
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ion has very  l i t t le  influence on the m o m e n t u m  distr ibution in comparison 
with  the negat ive  ion. I f  we assume the  format ion  of an anion-e + sys tem 
hav ing  a set of bound  levels and ascribe the various t ime  components  to the 
~nnihilation f rom the ground and first exci ted levels, the  observat ion  just  
made and the  peculiar i t ies  nlentioned in the previous Section are f r amed  in 
an intui t ive  picture .  This model is t ha t  suggested for the first t ime  by  
GOL'DANSKII, IVA:NOVA and PROtt:0PrEV (15) for in te rpre t ing  the posi t ron decay 
in alkali  me ta l  hydrides.  In  par t icular  the  numerical  results of GOL'DA~SI<II 
et al. for the H - - e  + sys tem show tha t  the  rat io  between the annihi la t ion life- 
t imes from successive levels is close to 2. 

We will not  discuss rigorously the proper t ies  of the sys tem anion-e +, but  
will l imit  ourselves to rough considerations with the a im of deducing the  size 
of the sys tem f rom the observed l i fet imes and of compar ing it  wi th  the latt ice 
constant  of the halides. To do t ha t  we use a simple model  based  on drast ic 
assumptions.  We consider the pos i t ron moving  about  a core which has an 
electron configuration like t ha t  of a rare-gas a tom and represent  the potent ia l  
energy by  a series of descending' powers of r, neglecting all powers  above  the 
s e c o n d  : 

C 
(1) V(r) -- ~1C2r 4- r~ 

In  eq. (1) - - ~ e  is the ion charge a t  infinite distance: c is a constant  which 
is assumed to be pos i t ive  in order to t ake  into t~ccount t ha t  the positron,  when 
p~ne~rating through the  outer electron shell, experiences the strong repulsive 
field of the nucleus, c m a y  be expected to depend on the q u a n t u m  number .  

I t  is a s t ra ight forward  m a t h e m a t i c a l  problem to solve the  SchrSdinger 
equat ion for the potenti '~l (1). The sys tem in a s tzte  (v, l) has the energy 

~2 

E~.~ = - Io (v ÷ 1 ÷ g V '  

where v indicates the  num ber  of the  radial  nodes of the wave  funct ion;  g is 
given by  the equa t ion  

2 c 
l(1 ÷ 1) + oa-- e -~ = g(g + 1) ; 

I0 and a0 are the  ionization potent ia l  of the  hydrogen a tom and the  Bohr  radius 
respectively.  The average distance ~=o of tile posi t ron f rom the nucleus in 

(15) V. I.  GOL'DANSKII, fix. V. IVANOVA a n d  E .  P .  PROKOP'EV: SOY. _phys. JET_P, 
20, 440 (1965). 
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the  s ta tes  h~ving v =-O, becomes 

ao (1 + g ) ( 2 g +  3) 
2 

As far  a.s the  t w o - q u a n t u m  annihi lat ion p robab i l i ty  ,~ is concerned we 

assume tha t  only the eight  electrons occupying the noble-gas configuration 
are involved;  so we get 

(2) = 2c , f  z (r) q)2(r) d r ,  

hav ing  averaged over  spin s ta tes  of the  electron ~nd positron.  In  eq. (2) Co is 
the  fundamen ta l  in teract ion ra te  in the singlet s ta te ;  z(r) and 7(r) are the posi- 
t ron  and  one-electron wave  functions for the  system.  ~ m a y  convenient ly  
be represented  in the fo rm given by  SLATER (~6): 

~(r) ~ r ~-1 e - ~  , 

where fl = ( Z - - s ) / n ;  Z is the  charge of the ion nucleus, s the screening con- 
s t an t  and  n the  effective q u a n t u m  number .  The explicit  expression of the 
annihi la t ion probabi l i ty  (2) for the states with v----0, becomes then 

~-o P22~ / ' ( 2n  + 1) [ ' ( 2 g + 3 ) ( t 3 + ~ ] / ( l + g ) }  2~+2g+' ' 

2~ being the annihilat ion probabi l i ty  of the pa rapos i t ron ium ( ~  = C~/8~a~ = 
8.0.10 g s-~). As far as concerns the radia t ive  t rans i t ion  probabi l i ty  f rom the 

exci ted level, i t  can be expected  to be of the  optical  order of magn i tude  
( ~  108 s-l), so t ha t  i t  can be neglected as compared  with  the measured  anni- 
hi la t ion rate.  

We are now able to deduce the unknown values of g for the first two levels 
(v = 0, 1 = 0; v = 0, 1 ~-- 1)7 b y  using the measured  lifetimes and pu t t ing  ~ = 1. 
However ,  owing to the roughness of the  model,  we make  the numer ica l  cal- 
culat ion by  using the averages of T~ and of v2 within  each alkali series. Table  I I  
collects the numerical  results.  

& check of the results forwarded by  our model  is provided,  in the case of 
Cl-e +, by  Simons '  (~7) exact  calculation based on the Har t r ee -Fock  self- 
consistent  field. The ground-s ta te  energy found b y  SI~IONS was 3.74 eV; thus 

(18) j .  C. SLATER: Phys. Rev., 36, 57 (1930). 
(1~) L. SIMOZ~S: Phys. Rev., 90, 165 (1953). 
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it can be seen tha t  our procedure underest imates the energy by  about  30 % 

and consequently over-estimates the size of the system. 

At  this point  and in view of the fsc t  tha t  the anion-e + system is contained 

in a crystal lattice~ it is convenient to examine how the numerical results of 

Table I I  are sensitive to a change in the effective charge ~. For  example, still 

TABLE II. -- Energies and mean radii o] the system a~don-e + deduced ]rom the mean 
lives r~ and r~. a is the sum of the anion and the cation r~dii (averaged over the cations 

in each series). 

fluorides 
chlorides 
bromides 
iodides 

(10 -1° s) 

1.61 

2.45 

3.19: 

3.67 

~2 
(10 -1° s) 

3.54 

5.31 

6.86 

8.01 

Ground state First excited state 

i 

(eV) (10 -s cm) ! 

3.42 2.62 

2.82 3.11 

2.58 3.37 

2.43 3.56 

] E 
(eV) (10 -8 cm) 

2.95 2.98 

2.39 3.62 

2.20 3.90 

2.03 4.20 

a (*) 

(10 -s  cm)  

2.58 

3.06 

3.17 

3.47 

(*) The corrected ionic radii are taken from B. S. GOVRARy and F. J. ADRIAh': Solid State 
Physics ,  edited by F. SEITZ and D. TURNBULL, YO1. ~0 (New York, 1960), p. 127. 

conside:iag C1- e*, a decrease of 20 percent of ~ give~ rise to a decrease of the 

ground-st~t~ emr:.~y of about  30 percent and to an increase of the size of only 
4 percent. I t  follows that  the size of the bound system depends substantially 

on the choice of the model and of the form of potential,  and not  on the effec- 

tive charge. The size of our systems (Table I I )  results praeticzlly equal to the 

sum of the a-lion and cation radii; on the other hand our procedure over-esti- 
mates the size, so tha t  the existence of such a bound system within the crystal 

appears to be plausible, but  a more sophisticated model is required for elu- 

cidating the role of the positive ion and explaining the small differences 
observed within each s~ries of halides. 

Let us now make some considerations about  the longest (v3) and the short- 

est (r0) component  observed in a few cases. If  we a t tempt  to discuss these 
two components within the framework of the assumed model, we are faced 

with the following two difficulties: a) By  at t r ibut ing the r3 component  to the 

annihilation from the second excited level (v----1, 1 = 0) of the anion-e + sys- 
tem and following the previous procedure, one obtains for C1--e + that  the 

energy of this level is 1.22 eV and its mean radius 8.1 A. Clearly this size is 

too l~rge, b) The ro component cannot  in any way be explained as ari3ing 
from the same system. Various reasons must  be called in to account for these 

difficulties. Besides the roughness of our model, one could consider the exist- 
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e n e e  of  a n o t h e r  s y s t e m  i n t o  w h i c h  t h e  a n i o n - e  + t r a n s f o r m s  i n  a r a t h e r  s h o r t  

t i m e ,  a n d  m o r e o v e r  t h e  p o s s i b i l i t y  f o r  s o m e  p o s i t r o n s  t o  h a v e  a f a t e  d i f f e r e n t  

f r o m  b e c o m i n g  b o u n d  t o  a s i n g l e  n e g a t i v e  i on .  

R I A S S U N T O  

Si e spongono  i r i s u l t a t i  de l l ' ana l i s i  di  spe t t r i  t e m p o r M i  di pos i ton i  che a n n i c h i l a n o  
in a ]ogenur i  alcal ini ,  o t t e n u t i  u t i l i z zando  t ecn iche  t e m p o r a l i  ad  Mta r isoluzione.  I1 deca- 
d i m e n t o  g complesso,  c o n f e r m a n d o  cosi p r e c e d e n t i  r i su l t a t i .  Gli spe t t r i  sono s t a t i  r i so l t i  
in  due  e in  a lcun i  casi  in  t r e  c o m p o n e n t i .  L ' e s a m e  di t u t t i i  r i su l t a t i  h a  permesso  di fa r  
luce su ~ leune  pecu l i a r i t £  de] d e c a d i m e n t o ,  che vengono  discusse sulla base  dcl  model lo  
t h e  dese r ive  il pos i tone  l ega to  ~d n n o  ione  nega t ivo .  A t t r i b u e n d o  le e o m p o n e n t i  p r in -  
c ipal i  r 1 e r2 a l l '~nn ich i l az ione  del  l ivello f o n d a m e n t a l e  e al  p r imo  livello ecc i ta to ,  si 
t r o v a  che  Ie d imens ion i  del s i s t em a  an ione-e  + sono t a l i  da  r e n d e r n e  p laus ib i le  l ' e s i s t enza  
en t ro  il cr is ta l lo .  

CBil3ftHHlde COCTOilHHII H03HTpOHa B llleYlOqHbIX F a ~ 0 1 i ~ a x .  

PealoMe (*). - -  ]~bi1t ~ c c a e ~ o a a a  cnerTp BpeMem~ a r m n r a z s u H ~  B tt~eJm~iHblX r a ~ o n g a x  
n p n  noMomr~ apeMenuo~ r exHnan  BblCOI~OrO pa3pemenHa. O6napy~reHo, qTo p a c n a ~  
~B~eTC~ C~O~rtbIM B COOTBeTCTBHrr C r~pe~b~gymnMn pe3y~bTaTaMH. ClmrTpbI 6bL~I~ 
rIoc~e~oBaTenbno pa3~o~rem,~ Ha ~Be rOMnOi~ertT~,i n B r a ~ o M  cayqae Ha Tprt KOM- 
rIor~eHT~,L A t t a in 3  nony~emm~x peay~tbTaroB ~a~T BO3MO)KI-IOCTb npozcHnTb ae~oTopsle  
oco6ear~OCTn pacna~a ;  IIpOBO~I~ITCR o 6 c y ~ e H u e  a a  OCltOBe MO~eYm, B ~OTOpO~ rlO314TpOH 
pacCMaTpHBaCTC~ Ka~ CBff3aHHbI~I C OTpI~qaTe~IbHbIM HOHOM. Hp~rmcb~Ba80CHOBHb~e 
KOMIIOHeHTbI, ~ H ~e, K aHHHFHYIHHHH H30CHOBHOFO H nepBoro  Bo3~y)I(~eHHOFO ypOBHe~, 
6~nO H a ~ e H o ,  ~TO C~CTeMa (anHoH-e +) nMeeT pa3Mepbt (Hec~onbXO 10 -s CM), ~XO nenaeT 
BO3MO:~I(HblM cymeCTBOBaH~e TaXOfl CHCTeMbI BnyTpa r p n c r a n n a .  

(*) Hepeee~eno pe3a~gue~. 


