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Ab stract: The mea sure ment of the emis sion of elec tron-pos i tron pairs in beta-de cay 90Sr + 90Y has been
made. This ef fect is much less in tense than the ba sic de cay pro cess. The mea sure ments showed that the
ob served elec tron-pos i tron pairs are pro duced by the in ter nal con ver sion pro cess. The ob tained re sult is
com pared with the ex per i men tal re sult of the oth er au thors and with our ear lier re sult.

1. Introduction

The study of ba sic de cays of nu clei showed that the nu clei can go to the lower en ergy
states not only through the ba sic de cay pro cess, but there is some pos si bil ity of the tran si tion 
through the other ac com pa ny ing pro cesses. These pro cesses are des ig nated as the higher or -
der pro cesses [1].

The typ i cal higher or der pro cesses ac com pa ny ing de cays of the nu clei:
  i) in ter nal brems strah lung,
 ii) ion iza tion and ex ci ta tion of the elec tron cloud,
iii) in ter nal elec tron-pos i tron pair pro duc tion.
These higher or der pro cesses have es sen tially lower in ten sity then the ba sic de cay pro -

cesses. In the mat ter of the cre ation of elec tron-pos i tron pairs ac com pa ny ing al pha and
beta de cays the cre ation of one elec tron-pos i tron pair be longs per haps to 109 par ti cles
emit ted in the ba sic de cay pro cess.

The nu clei can go to the lower en ergy states by the pro cess of in ter nal con ver sion, too
[2]. This pro cess has higher prob a bil ity than in ter nal elec tron-pos i tron pair pro duc tion. One
elec tron-pos i tron pair be longs to 105 par ti cles emit ted through the ba sic de cay pro cess.

2. Internal conversion

The in ter nal con ver sion is an elec tro mag netic pro cess that com petes with gamma-
emis sion. In this pro cess the nu cleus de-ex cites by trans fer ring its en ergy di rectly to an
atomic elec tron, which then ap pears in the lab o ra tory as a free elec tron or the ex ci ta tion
en ergy of nu cleus is straightly trans ferred to elec tron-pos i tron pair which is cre ated. The
sec ond pro cess is pos si ble when the ex ci ta tion en ergy of nu clei is higher than 2mec

2. In
both pro cesses the ex ci ta tion en ergy of nu cleus is straightly trans ferred with out cre at ing
gamma quan tum. For this rea son the pro cess of in ter nal con ver sion is not a two-step
pro cess.
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The in ter nal con ver sion is an es sen tial tool - the ob ser va tion of E0 tran si tions, which
are for bid den to un dergo by elec tro mag netic ra di a tion be cause the nu clear monopole mo -
ment can not ra di ate to points ex ter nal to the nu cleus. The E0 tran si tion is par tic u larly im -
por tant in de cays from 0+ ini tial states to 0+ fi nal states, which can not oc cur by any other
di rect pro cess.

From the ex per i men tal point of view the pro cess of in ter nal con ver sion can be the best
spot ted when gamma-de cay is for bid den.

3. Electron-positron pairs produced by internal conversion

The low rel a tive prob a bil ity of this pro cess and the prob lems in the ex per i men tal re -
search are the rea sons that there is the lack of ex per i men tal data (here ex ists only one ex -
per i men tal re sult) now a days. Ex pres sive im prove ment of the qual ity of the de tec tion
tech nique, uti li za tion of com put ers in ex per i ments and better ex per i men tal con di tions
(low-level back ground shield, elec tron ics, com put ers) make it pos si ble to ob tain the better 
pre ci sion ex per i men tal re sults for this pro cess at pres ent. From this rea son the ex per i men -
tal re search of this pro cess ac com pa ny ing the ba sic de cay pro cesses of nu clei is very top i -
cal. We mea sured two sources 90Sr with dif fer ent ac tiv ity A1 = (96.87±1.93) Bq, A2 =
(2.93±0.06) MBq. The low-ac tiv ity source was used only for es ti ma tion of the for eign ra -
dio ac tiv ity ma te rial. The de cay scheme of 90Sr and 90Y is shown in Fig. 1.
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Fig. 1. The de cay scheme of 
90

Sr and 
90

Y.



4. Experimental research

The main prob lem in the ex per i men tal re search is that this low in ten sity pro cess must
be de tected in the pres ence of the other higher in ten sity pro cesses. For this rea son for the
suc cess ful ex per i men tal re search of the elec tron-pos i tron pairs pro duced via pro cess of
in ter nal con ver sion the spe cific nec es sary con di tions must be sat is fied:

a) the high ac tiv ity sources (~MBq) must be used,
b) the high ra dio ac tiv ity pure sources must be used,
c) the sources must not be the pos i tron emit ters,
d) the en ergy of the ba sic de cay pro cess is higher than 2mec

2,
e) the back ground must be as low as pos si ble,
f) the ex per i men tal equip ment must have high sen si tiv ity and high en ergy res o lu tion,
g) be cause of long term mea sure ments the high sta bil ity of mea sur ing equip ment must

          be se cured,
h) the de cay scheme of nu clide must be very sim ple,
i) the de cay scheme of the nu clide in cludes the for bid den gamma-tran si tion with the

         en ergy higher than 2mec
2 (tran si tion 0+ ® 0+).

In re gard to these spe cific con di tions of the ex per i men tal re search, we stud ied the
char ac ter is tics of some de tec tion sys tems suit able for the high sen si tiv ity mea sure ments.
We used high vol ume scin til la tion and semi con duc tor de tec tors in dif fer ent con nec tions.
We se lected the best de tec tion equip ment ap pro pri ate for ex per i men tal study of elec -
tron-pos i tron pair from the com par i son of the value of the fac tors of merit.

The value of the fac tor of merit, F, is char ac ter is tic for low-level gamma-ray spec trom -
e ters. Spec trom e ter with the high est value F has the high est sen si tiv ity (the low est limit of
de tec tion) for de tect ing gamma-rays of en ergy E in pres ence of in ter fer ence ra di a tion
com ing from the nat u ral back ground of the spec trom e ter and from gamma-quanta higher
en ergy of the emit ters pres ent in the mea sured sam ple. In our mea sure ments the mea sured
sam ples did not ob tain the im pu rity with high en ergy gamma-quanta and the types of de -
tec tors were sim i lar there fore the ef fect from Compton con tin uum un der the peak of en -
ergy E and the en ergy res o lu tion can be ne glected. For this rea son the value of the fac tors
of merit of spec trom e ters F were es ti mated from the equa tion

F
BN

=
e

where e is the peak ef fi ciency for en ergy 511 keV and B
N 

is the nat u ral back ground of the spec -
trom e ter in this en ergy re gion. We have a few NaI(Tl), Ge(Li) and HPGe de tec tors. We mea -
sured the fac tors of merit for var i ous spec trom e ters in sin gle and co in ci dence con nec tions of
these de tec tors in our Low-level Gamma-spec trom e try Lab o ra tory at the De part ment of Nu -
clear Phys ics and Bio phys ics. We list the fac tors of merit of sin gle HPGe and co in ci dence
HPGe-NaI(Tl) spec trom e ters that had the high est value of the fac tor of merit  in Ta ble 1.

Ta ble 1. Fac tors of merit of sin gle HPGe and co in ci dence HPGe-NaI(Tl) spec trom e ters.

 Spectrometer e [10-2] B [imp s-1] F [10-2]

 HPGe 4.38±0.09 0.03514 23.37±0.66

 HPGe-NaI(Tl) 0.59±0.01 0.00017 45.25±0.88
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It is ev i dent from the ob tained re sults that it is the most ad van ta geous to use the co in ci -
dence HPGe-NaI(Tl) spec trom e ter for de tec tion of co in ci dence gamma-quanta in the mea -
sure ments of low-level gamma-ray spec trom e try.

Be cause of the prob a bil ity of cre ation of one elec tron-pos i tron pair has a very low rel a -
tive prob a bil ity from the mea sured back ground spec tra (B) and peak ef fi ciency (e) un der
the cho sen rel a tive stan dard de vi a tion (d) and to tal time of the mea sure ment (30 days) we
ob tained the min i mum mea sur able ac tiv ity (MMA) for co in ci dence HPGe-NaI(Tl) spec -
trom e ter ac cord ing to the for mula

MMA
B T

T
=

+ × × ×

× ×

1 2
2

d

e d

Val ues of MMA and the ra tio MMA to ward ac tiv ity A of the source 90Sr are listed in Ta ble 2.

Table 2. The min i mum mea sur able ac tiv ity and the ra tio of MMA/A.

d MMA [Bq] MMA/A

0.1 (3.39±0.07)´10-2 (1.16±0.02)´10-8

0.5 (5.75±0.12)´10-3 (1.96±0.04)´10-9

It is seen from Ta ble 2, that our co in ci dence HPGe-NaI(Tl) spec trom e ter is able to
mea sure the num ber of elec tron-pos i tron pairs al ready at rel a tive in ten sity 10-9.

The num ber of elec tron-pos i tron pairs was es ti mated by count ing an ni hi la tion pho tons 
with the co in ci dence HPGe-NaI(Tl) spec trom e ter. This spec trom e ter, be sides the high est
value of the fac tor of merit, con nects the qual ity of the good en ergy res o lu tion of the semi -
con duc tor HPGe de tec tor with the high sen si tiv ity of the reg is tra tion of the scin til la tion
NaI(Tl) de tec tor. We used the sin gle HPGe spec trom e ter only for es ti ma tion of the ra dio -
ac tiv ity im pu rity in the mea sured sam ples.

The de tec tors were lo cated in a good-qual ity low-level back ground shield char ac ter is -
tics of which were de scribed in works [3, 4]. 

The used large-vol ume semi con duc tor co ax ial HPGe de tec tor has the sen si tive vol ume
280 cm3, the rel a tive ef fi ciency 69 %, the ra tio peak/Compton has the value 66.7 and the en -
ergy res o lu tion for 1.33 MeV peak 60Co is 2.12 keV. The scin til la tion NaI(Tl) de tec tor has
the crys tal di men sion Æ100´100 mm. Elec tronic mod ules NIM fy Silena were used. The
mea sured spec tra were eval u ated with the pro gram EMCAPLUS made by fy Silena. The
mea sured co in ci dence spec tra of the back ground and 90Sr are shown in Fig. 2 and Fig. 3.
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Fig. 2. Co in ci dence spec trum of the back ground.     Fig. 3. Co in ci dence spec trum of 
90

Sr.
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5. Results

The mea sure ments of emis sion of elec tron-pos i tron pairs in 90Sr + 90Y showed that num ber
of mea sured pos i trons is about three or der higher then is ex pected ac cord ing to the the ory
of the pro cess of in ter nal pair pro duc tion ac com pa ny ing the beta de cay of nu clei. For this
rea son it is ob vi ous that reg is tered pos i trons are pro duced via the pro cess of in ter nal con -
ver sion. Our ex per i men tal re sults are com pared with the re sult of other au thors in Ta ble 3.

Table 3. Com par i son of our re sults - the ra tio of the prob a bil ity of the pro duc tion of the elec tron-pos i tron
pair to the prob a bil ity of the ba sic de cay pro cess of 

90
Y, with the re sults of other au thors.

T / T
e e b- +

Greenberg and Deutsch [5] Our ear lier re sult [6] Pres ent re sult

(3.6±0.9)´10
-5

(1.2±0.6)´10
-5

(3,45 ± 0.8)´10-5

The re sults of our mea sure ments were cor rected for the pos si ble sources of an ni hi la -
tion ra di a tion which may con trib ute to the mea sured num ber of pos i trons. The spe cial care 
was taken to es ti mate the con tri bu tion of these sources of the an ni hi la tion ra di a tion:

1. A cor rec tion for the an ni hi la tion peak in the back ground.
2. A cor rec tion for the ex ter nal pair pro duc tion by high-en ergy pho ton orig i nat ing in

the sources.

3. A cor rec tion for the pos si bil ity of some ra dio ac tive im pu ri ties, which de cay by pos i tron
emis sion (65Zn, 22Na).

4. A cor rec tion for the con tri bu tion of nu clei pro duced by (a, n) re ac tions and sub se -
quently de cayed by pos i tron emis sion.

5. A cor rec tion for the pro duc tion of neu trons ac com pa ny ing spon ta ne ous fis sion.
6. A cor rec tion for the im pu ri ties pres ent in the sources which emit cas cade quanta

with the en ergy (511±2) keV and other with higher en ergy.
7. A cor rec tion for the an ni hi la tion of pos i trons in the flight.
8. A cor rec tion for the ran dom co in ci dence rate.
The cor rec tion for the pres ence of some ra dio ac tive im pu ri ties, which de cay by pos i -

tron emis sion (65Zn, 22Na) was made by mea sure ments of both sam ples of 90Sr + 90Y by a
sin gle HPGe spec trom e ter. The re sults of the mea sure ments of the sam ple with lower ra -
dio ac tiv ity are pre sented in Ta ble 4.  It was ev i dent from these mea sure ments that the mea -
sured sam ples do not con tain ra dio ac tive im pu ri ties. In the mea sure ments of the
back ground by sin gle HPGe spec trom e ter the back ground peaks of 214Bi, 208Tl, 40K, 214Pb,
228Ac a 137Cs were found which are pres ent in the en vi ron ment since the Chernobyl nu -
clear power plant ac ci dent.

The cor rec tion for the an ni hi la tion peak in the back ground was the most im por tant.
Other cor rec tions were small and to tally did not ex ceed 25 % of the mea sured val ues of the
an ni hi la tion gamma-quanta. The mea sure ments con firmed that the e-e+ pairs are pro duced
by 1.76 MeV ex cited level of 90Zr. The emis sion of sin gle gamma quan tum from this level is
for bid den (0+ ® 0+). From this rea son our re sult gives the num ber of e-e+ pairs which were
pro duced by the pro cess of the in ter nal con ver sion in the tran si tion from this ex cited state to
the ba sic state to the emis sion of 90Zr. Num ber of elec tron-pos i tron pairs pro duced by the
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higher or der pro cess - the in ter nal elec tron-pos i tron pair pro duc tion ac com pa ny ing the ba -
sic beta-de cay pro cess of 90Y is about three-four or der lower then the mea sured num ber.

Ta ble 4. Val ues ob tained from mea sure ments 
90

Sr by sin gle HPGe spec trom e ter B � back ground
peak, * � low in ten sity peak.

  No Sort of peak E [keV] Counting rate [s-1] Error [%]

1 B 351.9 0.00258 7.60

2 annihil. peak 511 0.01850 2.31

3 B* 583.1 0.000523 36.76

4 B 609.3 0.00285 5.59

5 * 633.2 0.000412 27.00

6 B 661.6 0.00301 13.50

7 * 768.7 0.00043 25.45

8 B 1120.3 0.000643 12.57

9 B 1238 0.000298 21.89

10 B 1378 0.000268 34.52

11 B 1408 0.000343 20.21

12 * 1439.9 0.000148 38.34

13 B 1460.7 0.000855 9.80

14 B 1764.5 0.000653 11.68

15 * 1944 0.000154 41.44

16 * 1969.8 0.0000971 38.31

17 * 2130.5 0.000147 37.01

18 B 2204.2 0.000232 32.16

19 B 2614.5 0.000415 12.80

6. Conclusion

Our ob tained re sults of the emis sion of elec tron-pos i tron pairs emit ted via the pro cess
of in ter nal con ver sion in 90Zr are in a good har mony with ex per i men tal re sult of
Greenberg and Deutsch but our pres ent re sult is more ac cu rate.
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