FIZIKA, Sappl. 1 (1999)

E.  AND y SPECTROSCOPY

E1 Second-Order Electromagnetic Transitions

K. ILAKOVAC, A. LJUBICIC, B. HRASTNIK, M. JURCEVIC and V. KNAPP,
Institute “Ruder Boskovié”, Zagreb

Transitions between two levels of a nucleus can occur by a simultaneous
double transition?: yy, ey, ee, and at higher energies yp, ep and pp (¥ = emission
of a gamma ray, e=electron conversion, -p=emission of an electron-positron
pair). These processes proceed via an intermediate virtual state of the nucleus
or of an orbital electron. It is believed that in the case of yy transitions, a
major contribution comes from the nuclear intermediate states. A detailed
theory of these transitions was developed by Grechukhin2). The most favourable
type of transition would be 0—— 0+ (with no crossovers), but no such case is
known. Several experiments on O*— 0* transitions have been performed
without a positive result (see Table I). Isomeric transitions comprise another

TABLE 1
Latest experimental results on yy double decay

Nucleus | Transition l%g:;‘g,’)’ Rat},‘;&’,’;ﬁfﬁﬁgwn Reference
12C 2+ >0+ 4.43 yyly <5-10-3 8
160 0+ —» 0+ 6.05 ?l(e+p) < 1.1.10-4 8
150 3- >0+ 6.15 yyly < 5-10-4 9
4“Ca 0+ — 0+ 3.35 yylp < 4-10-4 10
MK |7/2- > 3/2+| 1.29 Y < 6-10-3 11

8Rb [9/2+ —5/2-| 0514 | yply < 1.2.10-3 11
0Zr 0+ - 0- 1.76 yyle +p) < 8-10-3 12
19Ag 17/2+ —1/2-| 0.088 | 77/7 < 1.9-10-3 13
114]n 5+ 1+ 0.192 | yy/y < 3.10-3 14
11Xe (11/2=—3/2+ | 0.164 | ¥7/y < 2.2 10-5 16
37Ba  [112-—3/2+ | 0.662 | ¥7/¥ =(6.443.1).10-¢ 3
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group. Despite many negative results, Beusch’s¥ measurements indicated the
existence of this process. He found that (6.4+3.1)-10¢ yy emisions occur
per y emission in the case of 662 keV M4 transition of 137Ba.

Experiments on the ey emission have been performed for several transitions
(see Table II). Positive results have been obtained only in the case of the same
transition in 137Ba, with a relatively high probabilitys).

TABLE II
Latest experimental results ey double decay
Nucleus | Transition E(le\lz:g)y Ratgl’_ oggg{]?gzlsuon Reference
19Ag | 7/2+—1/2-| 0.088 | Ky/K =< 1.4.10—4 13
14]n 5t 1+ 0.192 | Ky/K < 4.5-10-4 15
137Ba  |11/2-—3/2+ 0.662 | Ky/K =(2.2410.45)-10-? 4
11Xe [11/2--+3/2+] 0.64 | Ky/y < 3.10-2 16

Most likely double electron conversion (ee) proceeds via an electronic
virtual intermediate state, as the ey emission. The only positive result has been
obtained®) in the case of 192 keV E4 transition of 14In (see Table III for a
summary). KK conversion in 13’Ba was studied by our group. A fourfiold
coincidence (both K conversion electrons and both X rays) was required, and
a two-dimensional analysis of pulses from the electron counters was performed.

TABLE III
Latest experimental results on ee double decay
ors Energy Ratio of transition
Nucleus | Transition MeV) probabilities Reference

WAg  [7/2+ - 1/2-| 0.088 | KK/K = (7.4393).10-+ 13+

113In 1/2- = 9/2+ 0.391 KK/K < 2.0-10-3 17
KLIK < 1.8-10-4 17
LL/K < 29-10-3 17

141n S5t—>1+ 0.192 | KK/K = (1.7+0.3)-10~5 5
KLIK < 2.6-10~4 15
LL/K < 29-10-4 15

131Xe |11/2-—3/2%| 0.164 | KK/y ~ (3.6+0.7)-10-3 16*

137Ba  {11/2-—-3/2+| 0.662 | KK/K < 2.5-10-* [:;Z?sm

*These results were obtained from the coincidences of KX-rays, and are probably uncertain.
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The sum spectrum is shown in Fig. 1. Analysis of these preliminary results
showed that (1.6 £0.9)- 104 KK transitions occur per K conversion electron.
Since the Mgller scattering of a K conversion electron on a K electron in
another atom is not resolved, for now the result is considered as an upper limit
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Gig. 1. Number of events in a fourfold coincidence (KX,—KX,—e,—e,) as a function of

the electron sum energy E=E(e,)+E(e,). The peak indicated by the arrow on the right

is due to the Mogller scattering of K conversion electrons by weakly bound electrons,

in accidental coincidence with another KX-ray of Ba. The arrow on the left indicates the
position of the expected peak due to the ee events.

of 2.5.10-4. The contribution of the transition via the nuclear virtual states®
was estimated on the basis of Beusch’s results, and was found to be negligible.
The theory of Listengarten” gave a result of 1.6-10~4. Further experiments to
prove that both K electrons were emitted from the same atom are in progress.
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E2 Investigation of the ey Process in 137Ba

A. LJUBICIC, B. HRASTNIK, K. ILAKOVAC, M. JURCEVIC and V. KNAPP,
Institute “‘Ruder Boskovié”, Zagreb

There is a small but finite probability for an excited nuclear state to
decay by simultaneous emission of a photon and conversion electron. This
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Fig. 1. The ratio of the tranmsition probability for the LC.E. per unit photon energy interval
to the probability for the K-conversion transition in the ey decay of 12’Ba. The
dashed line represents the theoretical distribution given by Spruch and Goertzel!) and the solid
line is the same distribution modified to account for the attenuation of photons in 1.2 mm
of Al, the finite angular resolution, and the photon detector photopeak efficiency.





