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Summary. — The fraction k of positrons annihilating 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 material in which positrons
are absorbed. It was found that % attains considerable values when the
positron absorber has a high atomic number; at very low Z the fraction %
is smaller for mica than for the polyester film. On the basis of the obtained
results a procedure is indicated for correcting the time spectra. This
procedure when applied to analyse time annihilation spectra in some
metals, has shown that metals are characterized by a single exponential
decay, in agreement with the results of recent investigations.

1. — Introduction.

Recent experiments have put in evidence that sample-preparation tech-
niques appreciably affect the shape of the time spectrum of positrons annihi-
lating in metals where a single lifetime component is to" be expected according
to present knowledge (**). It was recognized that the longer lifetime compo-
nent observed in some metals with several percent intensity (%) arises from
the faet that, with the usual sample preparation techniques, some positrons
annihilate in regions other than the homogeneous interior of the metal. An-
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nihilations in the source itself, in the oxide layer and in lattice defects on the
metal’s surface have been put forward as an explanation. Furthermore if the
active sample is deposited from the solution directly on the metal surface,
a « tail » appears, which depends to some extent upon the normality of the
acid solution containing the positron emitter 2:Na (?).

Frequently a thin supporting foil (~1 mg/em?) is used for source deposi-
tion. The effect due to this foil can be made evident when positronium for-
mation occurs in it; in this case in fact the time annihilation spectrum contains
a tail displaying the lifetime (of the order of {1-+2)-10-° §) characteristic of the
foil material. When this situation does not occur (for instance mica or metallic
foil) it is not possible to decompose the time spectrum and to establish which
component is due to the metal and which to the foil. This way of preparing
the active sample is unavoidable when the same source assembly must be
used for different materials or when a point source is required for investigating
powders or liquids. In order to interpret correctly the time annibilation spectra
one is then faced with the problem of establishing the effect of the foil, .e. the
annihilation-spectrum shape of the foil and the fraction of positrons annihi-
lating in it. The answer to the first part of the problem can be easily given,
while the same is not true for the second. In fact accurate theoretical treat-
ment of positron absorption in the foil is made impracticable by the com-
bination of multiple scattering and energy loss in the foil itself and in the sur-
rounding material. For that reason one is forced to an empirical approach
in which the main difficulty to overcorne arises from the necessity of work-
ing with the same geometrical arrangement used in positron annihilation ex-
periments.

In the present paper we report the results of such an approach; the frac-
tion of positrons annihilating in the foil was studied as a function of the foil
thickness and of the atomic number of the surrounding material. The cor-
rectness of our conclusions was checked by analysing the annihilation spec-
trum shape in some metals. After correcting for foil effect, a single lifetime
component appeared, in agreement with present theoretical knowledge.

2. — Experimental procedure.

As support of the positron source, we have studied:

a) Commercially available polyester foild, montivel (polyglicol ethylene
terephthalate). These foils are insoluble in acids and alkalies and have the
advantage of being easily welded together. In this organic compound posi-
tronium formation occurs and the ortho-state deeays with a mean life of
1.80-10-*s. However this is an unfavourable circumstance which limits the
use of polyester foils.
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b) Thin layers of mica removed from large crystals by a thin needle. They
are insoluble in acids with the exception of HF and have the further advan-
tage of being fit for use, even at high temperature. Our measurements indicate
that in mica positrons decay through
two competitive processes character- . -
ized by mean lives of 2.43-10-°s 0 / '\\
and 4.23:10-° g; there is no trace of ) \\\\\
tails in the time spectrum. /

All data obtained by us on posi-
tron annihilation in montivel and mica
are collected in Table I. Figure 1
shows the time annihilation spec
trum in mica. l

The positron emitter (22Na from 1023/‘

no. of counts

a carrier-free, neutral, aqueous so-
lution) was deposited on the foil un-
der investigation; a second identical 10 ¢, a0 100
foil was placed over the source. The channel  number

source 5o assembled was then sand- Fig. 1. -~ Time spectrum of positrons an-
wiched between two sheets of the nihilating in mica. 1 channel = 1.03-10-1%,
material in which the annihilation o 7, = 423107, x 7, = 2.43-107%%s.
was to take place.

The measurements of the time annihilation spectra were performed in a
conventional way; the experimental set-up has been previously described (%).
We shall mention here only that the prompt time resolution curve for the
conditions of the present experiment has a full width at half maximum of

TaBrLe I. — Positrons annihilating in montivel and mica: lifetimes and iniensities.

: ‘
7, (107198) | I, (%) |75 (107108) I3 (%)| 74 (1071°8)| I, (%)

7, (1071%8) | I; (%) |

Material

| Montivel | 1.1 £+0.2 | 1043 (3.5 £0.1 | 68+4 |7.1+03,8+1|18.0£04 | 15+2 |
Mica | 2.434-0.08 | 4845 | 4.2340.08 | 5145 — — — — |

3.4-10~°g and that the sides simulate a single exponential decay through
at least four decades. The logarithmic slope of the sides corresponds to a half-
life of 0.40-10-°s.

The fraction k of positrons annihilating in the supporting foils was measured
by means of the following procedure.

(5) C. BussoraTi, 8. Cova and L. Zarra: Nuovo Cimento, 50 B, 256 (1967).
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a) Montivel foils. Firstly the montivel itself is chosen as annihilating
material surrounding the source and a measure was made of the fraction f,
of the annihilation events from those positronium atoms which have survived
a time longer than ¢, and less then ¢,. The instant ¢, (2.0-10-?%s) was selected
as that for which any other-time-component contributions due to montivel

itself or to the other investigated materials are quite negligible.

The in-

stant ¢, (12-16-*s) was chosen so as to have a counting rate statistically still
significant. Then, when the source assembly was surrounded by the metals

TABLE II. — Fraction k of positrons annihilating wn source-supporting foils.

1
Foil . X | Foil thickness \
oil material Positron absorber (mg/cm?) [’ k

Montivel Al 1.19 “ 0.118 4 0.004
Montivel Al 2.38 [ 0.194 + 0.002
Montivel Al 3.57 ‘ 0.258 4+ 0.003
Montivel Ni ‘ 1.19 \ 0.142 4+ 0.002
Montivel Ni ! 2.38 | 0.233 4- 0.003
Montivel Ni \ 3.57 | 0.306 -+ 0.005
Montivel Au 1.19 | 0.211 + 0.003
Montivel Au 2.38 | 0.318 4 0.004
Montivel Au 3.57 ‘ 0.409 + 0.006
Mica Polyethylene 0.92 1 0.007 - 0.008
Mica Polyethylene 2.25 [ 0.056 4+ 0.008
! Mica Polyethylene 3.00 | 0.116 4 0.008

\ !

|

Mica Teflon 1.00 E 0.023 4+ 0.009
Mica Teflon 2.25 ; 0.080 4+ 0.008
| Mica Teflon ‘ 3.00 .‘ 0.124 4 0.006
Mica Pt l 0.93 0.177 4+ 0.010

* \
Mica An | 0.93 l 0.178 + 0.010
Mica Au | 2.19 | 0.320 4 0.022
Mica Au l 2.24 0.317 £+ 0.020
Mica Au | 2.97 ! 0.349 + 0.022
Mica Au | 3.13 ‘ 0.328 + 0.024

|

indicated in Table 11, the fraction of annihilation events oceurring between ¢,

and 7, is reduced to f< f,.

The ratio

sz/fo
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gives directly the required fraction of positrons annihilating in montivel foils.
The metals, employed d.e. Al, 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 #, was present in their time
annihilation spectra.

b) Mica foils. An analogous procedure as that reported above could be
used here only with Au and Pt whose time annihilation spectra are not at all
contaminated by tails. Obviously different values of ¢ and ¢, were chosen
(fy, =2.5-10"%s, t, = 3.5-10"*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 k was ob-
tained by measuring the decrease of the intensity of a convenient portion of
the orthopositronium time spectrum.

3. — Results.

All the results obtained are collected in Table IT and Fig. 2. It can be
easily seen that even with thin foils (1 mg/em?) the fraction % attains consid-
erable values (~209,) when the posi-
tron absorber has a high atomic num- .
ber. If one takes into account that the /
positron back-scattering coefficient p in- /1

creases linearly with Z (¢), it is possible 030k + ‘
to explain qualitatively the amount of /
the observed effect. The positron before / /
annihilating suffers a great number of x0.20 - /. /

back-scattering processes that force it / /

to go many times through the foils. It

0.40

i8 obvious that in the case of an ideal 0.10F

absorber with back-scattering coefficient /

equal to 1, all the positrons annihilate B ffhen p°lyefh¥‘e”e
in the supporting foils independent of 0

their thickness and nature. Indeed for fO/l thickness mg/cm

gold (p = 0.53) it is very hard to note g 9 _ Fraction k of positrons anni-

a different behaviour between mica and hilating in source-supporting foil as a

montivel foils. function of the foil thickness. e Mon-
At very low Z it can be noted that tivel, x Mica.

the fraction % is smaller for mica than

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

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

(®) A. Bis1 and L. Braicovica: Nuel. Phys., 58, 171 (1964).
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has to be ascribed to intrinsically different properties of the materials used.
This observation is in qualitative agreement with the results of Saxon (7)
on the transmission factor for beta particles through G.M. counter windows:
the transmission factor in mieca is higher
SRR _ _. . than that of an organic material (cel-
O.AOF 357 ’/.\ lophane) and this difference increases
with decreasing beta-particle energy.
-~ A quantitative comparison is prevented
0307 / too238 because the transmission factor is strictly
connected with the geometry used in the

/

// .
e o experiment.
x020} N 1.19 . .
e The fraction & of the positrons an-
- . nihilating in the supporting foils, at dif-
./ . .
010k - ferent thicknesses and atomic numbers
of the absorber, can be obtained by
interpolation of the data of Table I1I.
0 3 — In this connection it shall be noted that
N for montivel foils the interpolation pro-

Fig. 3. — Fraction k of positrons anni- cedure is made easier because of the
hilating in montivel foil as a function existence of a linear relationship be-
of +/Z. The numbers on the eurves in- tween k and v/Z, for each foil thickness
dicate the foil thickness in mg/em?. (see Fig. 3). Unfortunately a similar
situation does not occur for mica foils.

For these, interpolation through a graph in a doubly logarithmic seale was
found convenient. Equivalently the following empirical formula can be used:
k= 3.24.10-3. 7%, g340/2"

b

where s is the foil thickness in mg/em?.

4. — Time annihilation speetra in metals.

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 ITI. 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 (8). It appears that metals are characterized
mainly by a single exponential decay in agreement with the results of other

() D. SaxoN: Phys. Eev., 81, 639 (1951).
(8) M. BrErTOLACCINI, A. B1s1 and L. Zarra: Nuove Cimento, 46 B, 237 (1967).
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TaBLE III. — Positrons annihilating in melals: lifetimes and intensities after mica
correction.
| : [
! T | 1 Ttail Lian
Metal [ gm0g) (o L odes | (%) | Note
o O ", R I
Ni } 1.654-0.04 | 98+3 } — — } —
Ni 1.774+0.06 ' 9545 | 5.2 1.1 | Source directly deposited
| ‘ from a neutral solution
Cu ! 1.81+0.05 ' 9545 4.1 50 —
Ag  201+£005 & 101+£5 | 12 03 —
Cd | 1.904+0.05 96+ 5 13 0.3 ’ — !
W ‘ 1.454 0.04 97+ 5 24 0.1 — |
Pt . 1.734 0.03 105645 — — | —
Pt | 1.78-0.05 93+ 5 5.0 3.7 | Source directly deposited
( : from a neutral solution
Au 1.91 4+ 0.03 100 £ 3 — — i —
Au | 2.00 4+ 0.05 95+ 5 17 0.05 | Source directly deposited
’ \ from a neutral solution
Hg | 2.1940.03 1034+ 5 22 0.3 | —

observers (3+4). In many cases a tail accompanied the main component, which
if interpreted as arising from an exponential decay, indicated the existence
of a longer lifetime component of faint intensity (a few per cent or a few per
thousand), perhaps attributable to some of the spurious effects quoted in the
first Section.

The 7 values after mica correction are in strict agreement with the cor-
responding values obtained for some metals (Ni, Pt, Au) where a source from
a neutral solution was directly deposited. Moreover these values strictly agree
with those given by WEISBERG and BERKO (%).

Two conclusions can be drawn from the above discussion. First, mica
appears to be a good material for supporting foils, better than polyester com-
pounds. Second, the procedure adopted for mica correction proves to be a
reliable one, thus indicating that its extension to those cases where powders
or liguids are used as annihilating materials may be helpful.

RIASSUNTO

La frazione & di positoni che annichilano in lamine sottili (mica o film poliesteri)
usate come supporto per la sorgente attiva & 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 raggiunge valori considerevoli quando il numero atomico dell’agsorbitore & alto;
a bassi Z la frazione k relativa alla mica & pili piccola di quella relativa al film poliestere.
Sulla base dei risultati ottenuti si indica un procedimento per correggere gli spetiri
temporali. Questo procedimento applicato all’analisi degli spettri temporali di anni-
chilazione in alcuni metalli, ha mostrato che i metalli sono caratterizzati da un singolo
decadimento esponenziale, in accordo con i risultati di recenti ricerche.

Bimmsinne ucrodnuka, noagepixusawiero doasry,
Ha ($OpMY BPEMEHHOIO CHEKTP2 AHHAIHISALHH HO3HTPOHOB.

Pesztome (*). — HMamepsnace 10 &k HO3UTPOHOB, AHHUTHIMPYIOUIMX B UCTOYHHKE,
noafepKuBaromeM ¢Gopru (Ciioaa Win HONUCTHPOJIOBAs IUICHKA), KaK (DYHKIUS TOJILLMHBL
¢donbru ¥ aTOMHOrO HOMEpPa OKPYXAKOWIEro MaTepuana, B KOTOPOM HOrNOWA0Tcsa mo3u-
TPOHBI. BEBIIO 00HapYXEHO, YTO & OCTUraeT 3HAYMTENBHBIX BEJMYHH, KOTJA MOTIIOTHTEb
IIO3UTPOHOB HMEET BBICOKHIA aTOMHBIM HOMED; NIPH HAZKUX Z JOJIS k MEHBILE IJIs CIIFOIB],
4YeM Ind MONMCTAPONOBOHN IuleHkn. Ha OCHOBE TOJIyYeHHBIX pe3yJIbTATOB yKa3bIBACTCS
npolieaypa s MCOPABICHHSA BPEMEHHOTO cHeKkIpa. IIpu aHaiuze BpPEeMEHHOIO aHHU-
TUJISLIMOHHOIO CHEKTPa B HEKOTOPBIX METa/Iax 3Ta IpoLeaypa mokasana, 4YTo 3TH MeTasibl
XapakTEepU3yIOTCs COMHCTBCHHBIM SKCIOHEHIWANLHBIM pacnmagoM, YTO COTJIACyeTcsi ¢
pe3yiabpTaTaMi HEJABHUX HCCIIEIOBAHMIA.

(*) ITepesederno pedaryueii.



