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S u m m a r y .  --- The fraction k of positrons annihilat ing in source-supporting 
foils (mica or polyester  film) was measured as a function of the foil thickness 
and of the atomic number of the surrounding mater ial  in which positrons 
are absorbed. I t  was found that  k a t ta ins  considerable values when the 
positron absorber has a high atomic number;  at very low Z the fraction k 
is smaller for mica than for the polyester  film. On the basis of the obfained 
results a procedure is indicated for correcting the t ime spectra. This 
procedure when applied to analyse t ime annihilat ion spectra in some 
metals, has shown that  metals arc characterized by a single exponential  
decay, in agreement with the results of recent investigations. 

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

R e c e n t  e x p e r i m e n t s  have  p u t  in  e v i d e n c e  t h a t  s a m p l e - p r e p a r a t i o n  tech-  

n iques  a p p r e c i a b l y  af fec t  t he  shape  of t h e  t i m e  s p e c t r u m  of p o s i t r o n s  ann ih i -  

luting'  in  m e t a l s  whe re  a s ingle l i f e t ime  c o m p o n e n t  is to" be  e x p e c t e d  acco rd ing  

to  p r e s e n t  k n o w l e d g e  (:-4). I t  was r ecogn i z e d  t h a t  t he  longer  l i f e t ime  compo-  

nen t  o b s e r v e d  in  some  m e t a l s  w i t h  s eve ra l  p e r c e n t  i n t e n s i t y  (4) ar ises  f rom 

t h e  f ac t  t h a t ,  w i th  the  usua l  sa.mple p r e p a r a t i o n  t echn iques ,  some  pos i t rons  

a n n i h i l a t e  in  reg ions  o t h e r  t h a n  the  h o m o g e n e o u s  i n t e r i o r  of t h e  me ta l .  An-  

(1) T. KOHON~N: Ann. Acad. Sei. Fennicae, A 6 ,  130 (1963). 
(2) H. W]~ISBERG: Bull. Am. Phys. Soc., 10, 21 (1965). 
(3) H. V~. KUO~L, E. G. ~UNK and J. W. MIItELICIt: Phys. Lett., 20, 364 (1966). 
(4) H. WEISB~RG and S. B:EI%KO: Phys. Rev., 154, 249 (1967). 
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nihilations in the source itself, in the oxide layer  and in lattice defects on the  
me ta l ' s  surface have been pu t  forward as an explanat ion.  Fur the rmore  if the 
act ive sample is deposited f rom the solution direct ly on the meta l  surface, 
a (c tail ,, appears,  which depends to some ex ten t  upon the normal i ty  of the 

acid solution containing the  posi t ron emit ter  22Na (a). 
F requen t ly  a thin suppor t ing foil ( ~ 1  mg/cm 2) is used for source deposi- 

tion. The effect due to this foil can be made evident  when posi t ronium for- 
ma t ion  occurs in it; in this case in fact  the t ime  annihilat ion spect rum contains 
a tai l  displaying the lifetime (of the order of (1 +2 ) .  10 -9 s) characterist ic of the 
foil mater ia l .  When this s i tuat ion does not  occur (for instance mica or metal l ic  
foil) i t  is not possible to decompose the t ime spect rum and to establish which 
component  is due to the me ta l  and which to the foil. This way of p repar ing  
the  act ive  sample is unavoidable  when the same source assembly mus t  be 
used for different materials  or when a point  som'ce is required for invest igat ing 
powders or liquids. In  order to in terpre t  correctly the  t ime  annihilat ion spectra  
one is then  faced with the  prob lem of establishing the effect of the foil, i.e. the 
annihi la t ion-spectrum shape of the foil and the fract ion of positrons annihi- 
la t ing in it. The answer to the first pa r t  of the problem can be easily given, 
while the  same is not  t rue  for the second. In  fact  accurate  theoretical  t reat-  
m e n t  of posi t ron absorpt ion in the foil is made  impract icable  by  the com- 
binat ion of mult iple  scat ter ing and energy loss in the foil itself and in the sur- 
rounding material .  For  t ha t  reason one is forced to an empirical approach 
in which the main  difficulty to overcome arises f rom the necessity of work-  
ing with  the same geometrical  a r rangement  used in posi t ron annihilat ion ex- 

per iments .  
I n  the  present  paper  we repor t  the results of such an approach;  the frac- 

t ion of positrons annihi lat ing in the foil was studied as a function of the foil 
thickness and of the a tomic  num ber  of the surrounding material .  The  cor- 
rectness of our conclusions was checked by  analysing the annihilat ion spec- 
t r u m  shape in some metals .  After  correcting for foil effect, a single l ifetime 
componen t  appeared, in agreement  with present  theoretical  knowledge. 

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

As support  of the posi t ron source, we have  studied:  

a) Commercial ly avai lable polyester  foild, mont ive l  (polyglicol ethylene 
terephthala te) .  These foils are insoluble in acids and alkalies and have  the 
advan tage  of being easily welded together.  I n  this organic compound posi- 
t ron ium format ion  occurs and tile or tho-s ta te  decays with a mean  life of 
1.80.10 -9 s. However  this is an unfavourable  c i rcumstance  which limits the 

use of polyester  foils. 
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b) T h i n  l aye r s  of mica  r e m o v e d  f rom la rge  c r y s t a l s  b y  a t h i n  needle .  They  

are  inso lub le  in  ac ids  w i t h  t h e  e x c e p t i o n  of H F  a n d  h a v e  t h e  f u r t h e r  a d v a n -  

t age  of b e i n g  fit  for  use, even  a t  h igh  t e m p e r a t u r e .  Our  m e a s u r e m e n t s  i n d i c a t e  

t h a t  in  mica  p o s i t i o n s  d e c a y  t h r o u g h  

two c o m p e t i t i v e  processes  c h a r a c t e r -  

ized b y  m e a n  l ives  of 2 . 4 3 . 1 0 - : ° s  1°~" 

a n d  4 .23 .10  -'-° s; t h e r e  is no t r ace  of 

t a i l s  in  t he  t i m e  s p e c t r u m .  
10" 

Al l  d a t a  o b t a i n e d  b y  us on posi-  

t r o n  a n n i h i l a t i o n  in  m o n t i v e l  and  mica  

are  col lec ted  in  T a b l e  I .  F i g u r e  1 ~10 ~ 

shows the  t i m e  a n n i h i l a t i o n  spee 

t r u m  in mica .  c 

The  p o s i t r o n  e m i t t e r  (22Na f rom 10 ~ 

a car r ie r - f ree ,  n e u t r a l ,  aqueous  so- 

lu t ion)  was d e p o s i t e d  on the  foil un-  

de r  i n v e s t i g a t i o n ;  a second  i den t i ca l  lo' 

foil  was p l a c e d  over  t h e  source.  The  

source  so a s s e m b l e d  was t hen  sand -  

wiehed  b e t w e e n  two  sheets  of t h e  

m a t e r i a l  in  which  the  a n n i h i l a t i o n  

was to  t a k e  p lace .  

60 80 100 
channel  number" 

Fig. 1. - Time spectrum of positrons an- 
nihilat ing in mica. 1 channel = 1.03' 10-1°s, 

• ~.z = 4.23.10-i°s, × ~i = 2.43" 10-1°s. 

The  m e a s u r e m e n t s  of t he  t i m e  a n n i h i l a t i o n  s p e c t r a  were  p e r f o r m e d  in a 

c o n v e n t i o n a l  w~y ;  t h e  e x p e r i m e n t a l  s e t - u p  has  been  p r e v i o u s l y  desc r ibed  (5). 

W e  shal l  m e n t i o n  here  on ly  t h a t  t h e  p r o m p t  t i m e  r e so lu t i on  curve  for  the  

cond i t ions  of t h e  p r e s e n t  e x p e r i m e n t  has  a ful l  w i d t h  a t  ha l f  m a x i m u m  of 

TABLE I. -- Positrons annihilating i s  montivel and mica: li]etimes and intensities. 

Material v i (10 -1° s) 

Montivel 1.1 ~0 .2  
Mica 2.43~:0.08 

11 (%) T 2 (10 -1° s) 

4-o.1 
i 4.23±0.08 

I~(%) 

684-4 
5 1 ± 5  

ra(10-iOs) Ia (~o)) va ( 10-1°s ) I4 (~o) 

7.1±0.3 84-1 18.04-0.4 154-2 

3 . 4 - 1 0 - : ° s  a n d  t h a t  t he  sides s i m u l a t e  a s ingle e x p o n e n t i a l  d e c a y  t h r o u g h  

a t  l eas t  four  decades .  The  l o g a r i t h m i c  s lope  of t he  sides co r re sponds  to  a half-  

l ife of 0 .40 .10  -1° s. 

The  f r a c t i o n  k of pos i t rons  a n n i h i l a t i n g  in  t he  s u p p o r t i n g  foils was m e a s u r e d  

b y  m e a n s  of t h e  fo l lowing  p rocedure .  

(s) C. BUSSOLATI, S. COVA and L. ZAPPA: Nuovo Cimento, 50B,  256 (1967). 
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a) Mont ive l  foils. F i r s t l y  the  m o n t i v e l  i tself is chosen as a n n i h i l a t i n g  

m a t e r i a l  su r round ing  the  source and  a measu re  was made  of the  f rac t ion  fo 

of the  a n n i h i l a t i o n  even ts  f rom those positron±urn a toms  which have  su rv ived  

a t i m e  longer t h a n  t~ and  less t h e n  t2. The  i n s t a n t  tl {2.0.10 .9 s) was selected 

as t h a t  for which a n y  o t h e r - t i m e - c o m p o n e n t  con t r ibu t ions  due to m o n t i v e l  

i tself  or to the  other  i nves t iga t ed  mater ia l s  are qui te  negligible.  [[he in- 

s t a n t  t2 (12"16 -~ s) was chosen so as to have  a c o u n t i n g  ra te  s ta t i s t i ca l ly  sti l l  

s igni f icant .  Then ,  when  the  source assembly  was su r rounded  by  the  meta l s  

TABLE II.  - Fraction k o] positrons annihilating sn source-supporting ]oils. 

Foil  material 

Montivel 
Montivel 
Montivel 

Montivel 
Montivel 
Montivel 

Montivel 
Montivel 
Montivel 

Positron absorber 

A1 
.A1 
A1 

Ni 
Ni 
Ni 

.An 

Au 
Au 

Foil thickness 
(Ing/cm ~) 

1.19 
2.38 
3.57 

1.19 
2.38 
3.57 

1.19 
2.38 
3.57 

0.118 ± 0.004 
0.194 ± 0.002 
0.258 ± 0.003 

0.142 ± 0.002 
0.233 ± 0.003 
0.306 ~= 0.005 

0.211 i 0.003 
0.318 ± 0.004 
0.409 ± 0.006 

Mica 
Mica 
Mica 

Mica 
Mica 
Mica 

Polyethylene 
Polyethylene 
Polyethylene 

Teflon 
Teflon 
Teflon 

0.92 
2.25 
3.00 

1.00 
2.25 
3.00 

0.007 ~= 0.008 
0.056 q- 0.008 
0.116 ± 0.008 

0.023 ± 0.009 
0.080 ± 0.008 
0.124 ± 0.006 

Mica 

M i c a  

Mica 
Mica 
Mica 
Mica 

Pt  

t u  

Au 
Au 
Au 
Au 

0.93 

0.93 
2.19 
2.24 
2.97 
3.13 

0.177 ± 0.010 

0.178 =J_ 0.010 
0.320 ± 0.022 
0.317 ± 0.020 
0.349 ± 0.022 
0.328 i 0.024 

ind i ca t ed  in  Tab le  I I ,  the  f rac t ion  of a n n i h i l a t i o n  even ts  occurr ing be t w e e n  tl 

and  t2 is reduced to ] <  ]o. ~[he ra t io  

k = f / / o  
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gives direvtly the required fraction of positrons annihilating in montivel  foils. 

The metals, employed i.e. A1, Ni and Au, were selected because a preliminary 

investigation (made without supporting foils and with a source from a neutral 

solution) showed that  no tail extending up to t~ was present in their time 
annihilation spectra. 

b) Mica foils. An analogous procedure as tha t  reported above could be 

used here only with Au and P t  whose time annihilation spectra are not at all 

contaminated by tails. Obviously different values of t~ and tz were chosen 

(t~ = 2.5.10 -9 s, t2 = 3.5"10 -9 s). At  lower atomic numbers no metal conve- 

nient  for this type  of measure was found; so we were forced to utilize as ab- 

sorbers only polyethylene and teflon. In  these cases the fraction ]c was ob- 

tained by measuring the decrease of the intensity of a convenient portion of 
the orthoposi tronium time spectrum. 

3 .  - R e s u l t s .  

All the results obtained are collected in Table I I  and Fig. 2. I t  can be 

easily seen tha t  even with thin foils (1 rag/era 2) the fraction k attains consid- 

erable values (~  20 ~o) when the posi- 
tron absorber has a high atomic num- 

ber. I f  one takes into account tha t  the 

positron back-scattering coefficient p in- 
creases linearly with Z (6), it is possible 

to explain quali tat ively the amount  of 

the observed effect. The positron before 

annihilating suffers a great number  of 

b~ck-scattering processes tha t  force it 

to go m~ny times through the foils. I t  
is obvious tha t  in the case of an ideal 

absorber with back-scattering coefficient 

equal to 1, all the positrons annihilate 
in the supporting foils independent of 

their thickness and nature. Indeed for 

gold (p = 0.53) it is very hard to note 
a different behaviour between mica and 

montivel foils. 

At  very low Z it can be noted tha t  
the fraction k is smaller for mica than 

00 
~0.20 

0.10 

0 1 2 3 

foil t h i cknes s  ( m g / c m  ;) 

Fig. 2. - Fraction k of positrons anni- 
hilating in source-supporting foil as a 
function of the foil thickness. • Mon- 

tivel, x Mica. 

for montivel. Owing to the fact tha t  in these cases the backscattering processes 

give a small contribution to the annihilation in the foils, the observed effect 

(6) A. BISI and L. BRAICOVlCn: Nucl. Phys., 58, 171 (1964). 
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has to be ascribed to intrinsically different properties of the materials used. 
This observation is in quali tat ive agreement with the results of SAXON (v) 

on the transmission factor for beta particles through G.M. counter windows: 

040 i 

t ~0.20 . . , ~  1~19~ | 

0.10 f J ' ~ ' ~  

0 3 ' 6 9 
~Z 

Fig. 3. - Fraction k of positrons anni- 
hilating in montivel foil as a function 
of ~/~. The numbers on the curves in- 

dicate the foil thickness in mg/cm 2. 

the transmission factor in mica is higher 
than tha t  of an organic material (cel- 

lophane) and this difference increases 

with decreasing beta-particle energy. 

A quant i ta t ive  comparison is prevented 

because the transmission factor is strictly 

connected with the geometry used in the 

experiment. 

The fraction k of the positrons an- 
nihilating in the supporting foils, at  dif- 

ferent thicknesses and atomic numbers 

of the absorber, can be obtained by 

interpolation of the data of Table I I .  

In  this connection it shall be noted that  

for montivel foils the interpolation pro- 

cedure is made easier because of the 
existence of a linear relationship be- 

l~ween k and ~/Z, for each foil thickness 

(see Fig. 3). Unfor tunately  a similar 

situation does not occur for mica foils. 
For these, interpolation through a graph in a doubly logarithmic scale was 

found convenient. Equivalent ly the following empirical formula can be used: 

k = 3.24.10 -3. Z 0'93 8345/•°'415 

where s is the foil thickness in mg/cm 2. 

4. - T i m e  a n n i h i l a t i o n  spec tra  in  meta l s .  

By using a positron source deposited on a mica foil and assembled as 

previously described, time annihilation spectra in some metals were investi- 

gated. The results are collected in Table I I I .  The lifetimes and intensities 
were obtained after subtraction of the mica contribution and the analysis of 

the spectral shape was performed with a maximum-likelihood method which 
was described in a previous paper (s). I t  appears tha t  metals are characterized 

mainly by  a single exponential decay in agreement with the results of other 

(7) D. SAXOX: Phys. Rev., 81, 639 (1951). 
(s) M. BERTOLACCINI, A. BISI and L. ZAPPA: Nuovo Cimento, 46 B, 237 (1967). 
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TABLE III .  - Positrons annihilating in metals: li]etimes and intensities alter mica 
correction. 

Metal 
T 

(10 -1° s) 

Ni 1.65 ± 0.04 
Ni 1.77 ± 0.06 

C u  

Ag 
Cd 
W 
Pt 
Pt  

Au 
Au 

Hg 

1.81 ± 0.05 
2.01 ± 0.05 
1.90 ± 0.05 
1.45 ± 0.04 
1.73 ± 0.03 
1.78 ~ 0.05 

1.91 ± 0.03 
2.00 ± 0.05 

2.19 ± 0.03 

I 
(%) 

9 8 ±  
9 5 ±  

9 5 ±  
101± 
9 6 ±  
974- 

1055= 
93 ± 

100± 
95 ± 

103 ± 

T r a i l  

(10 -1° s) 

3 

5 5.2 

5 4.1 
5 12 
5 13 
5 24 
5 
5 5.0 

3 
5 17 

5 22 

~ t a i l  

(%) 

u 

1.1 

5.0 
0.3 
0.3 
0.1 

3.7 

0.05 

0.3 

Note 

m 

Source directly deposited 
from a neutral  solution 

Source directly deposited 
from a neutral  solution 

Source directly deposited 
from a neutral  solution 

observers  (3.4). I n  m a n y  cases a ta i l  a ccompa n i e d  the  m a i n  c o m p o n e n t ,  which 

if i n t e r p r e t e d  as a r i s ing  from an  e x p o n e n t i a l  decay, i nd ica ted  the exis tence 

of a longer  l i fe t ime c o m p o n e n t  of f a i n t  i n t e n s i t y  (a few per  cen t  or a few per  

t housand) ,  pe rhaps  a t t r i b u t a b l e  to some of the  spurious effects quo ted  in  the 

first Section.  

The ~ va lues  af ter  mica  correc t ion  are in  s t r ic t  a g r e e m e n t  wi th  the  cor- 

r e spond ing  va lues  ob t a ined  for some meta l s  (Ni, P t ,  Au) where  a source from 

n e u t r a l  so lu t ion  was d i rec t ly  deposi ted.  Moreover  these  va lues  s t r ic t ly  agree 

wi th  those g iven  b y  WEISBERG a n d  BEr~KO (4). 

Two conclus ions  can be d r awn  f rom the  above discussion.  F i r s t ,  mica  

appears  to be  a good ma te r i a l  for s u p p o r t i n g  foils, b e t t e r  t h a n  polyes ter  com- 

pounds .  Second,  the  procedure  adop t ed  for mica  correct ion proves to be a 

rel iable  one, t hus  i nd i ca t i ng  t h a t  i ts  ex tens ion  to those cases where powders  

or l iquids are used as a n n i h i l a t i n g  mate r i a l s  m a y  be helpful .  

R I A S S U N T 0  

La frazione k di positoni che annichilano in lamine sottili (mica o film poliesteri) 
usate come supporto per Ia sorgente at t iva ~ stata misurata in funzione dello spessore 
della lamina e del numero atomico del mezzo circostante in istudio. Si ~ constatato 
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che k r a g g i u n g e  va lor i  cons ide revo l i  q u a n d o  il n u m e r o  a tomico  de l l ' a s so rb i to re  6 a l to ;  
a bass i  Z la  f raz ione  k r e l a t i v a  a l ia  Inica 6 pifi  p iccola  di quel la  r e l a t i v a  al film pol ies tere .  
Sul la  b a s e  dei  r i s u l t a t i  o t t e n u t i  si i nd i ca  u n  p r o c e d i m e n t o  p e r  eorreggere  gl~ spe t t r i  
t e m p o r a l i .  Questo  p r o c e d i m e n t o  app l i ca to  a l l ' ana] i s i  degl i  spe t t r i  t empor~ l i  d i  ann i -  
ch i l az ione  in  ~lcuni  inetal l i ,  h a  m o s t r ~ t o  che i Ineta l l i  sono c a r a t t e r i z z a t i  da  u n  s ingolo 
d e c a d i m e n t o  esponenzia le ,  in  accordo  con i r i su l t a t i  di  r e cen t i  r icerche.  

B~lmnHe HCTOqHHRa, HO,~ep~I~HBalOIHeFO {I)OJlbFy, 

Ha gpopMy BpeMennoro cne~rpa aunnr~sUuu nO3UTpOnOa. 

Pe3mMe (*). - -  I/I3Mepanacb ~ o n a  k HO3nTpOHOB, a rmnrHnupyromnx  B ncTonrmI~e, 
r I o ~ e p ~ n B a r o m e M  qbo~,rn (cn~o~a Hnn nonrlc'rgponoBaa rtneHra), KaK dpyHKUnn TOntUnrmr 
qbonbra a a r o M a o r o  ~to~tepa o r p y g a r o t u e r o  Maxepnana,  a KoTopoM noraomaroTc~  noan-  
TpOHBI. BBIYlO o6HapymeHo,  aTO k )XOCTr~raer 3uaqI, iTeJII, HbIX BeJIH~IHH, r o r ~ a  IIOFJIOTHTeJ1B 

IIO3/~TpOHOB HMeeT BBICOKrn~ aTOMHBI~ HOMep; r~pH HIcI3KHX Z ~OJIH ~ MeHbme ~afl Cn~OJ2BL 
qeM ~J/~I rlOnHCTHpO27OBO~ l~neHI(I,i. H a  OCHOBe nonyqenm,~x pe3yJIbTaTOB yKa3bIBaeTc~ 
r~pot~e~ypa ~a~ HcnpaBnerfHH BpeMeHHOFO c n e r r p a .  Flp~ ar~anH3e BpeMeHHOrO aHrra- 
rHnat~i~onaoro cneKTpa B HeKoTopbIx MeTannax aTa n p o u e ~ y p a  rtoKa3ana, qTO 3TH MeTaY~Y~,~ 
xapa~TepH3y~oTca e)DIHCTBeHHb~M 3KC~IOHeH~I~a~IbHBIM pacr~a)~oM, ~TO coraacyeTc~ c 
pe3y~STaTaM~ He)laBrirlx HccaeJloBaHrn~. 

(') Hepeae3eno pec)aKttue~. 


