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Evidence of “penetration effects” for the 94 keV K-allowed unhindered transition in 16°Tm
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From the time differential angular correlation measurement of the 94-63 keV cascHtienm a pureM 1
character of the 94 ke\y ray is suggested in contrast to the 422 admixture observed in conversion
coefficient measurements. Our result indicates “penetration effects” on the internal conversion processes for
the 94 keV transition. The observation of penetration effects #radlowed unhindered transition is probably
the first. The magnetic moment of the 379 keV state has been remeasured, and the ¥&8164-0.14) uy ]
is in close agreement with the theoretical predictidrouy). [S0556-28187)03402-X]

PACS numbes): 23.20.En, 21.10.Ky, 23.20.Gq, 27.7Q

The level scheme of®*Tm in the electron capturéEC) be interesting to determine the multipole mixing ratio for the
decay of*%%b is well established1] (Fig. 1). The level 94 keV transition from angular correlation measurements
structures of®*Tm are well described by the unified model and to search for such possible penetration effects forythis
[2]. According to Mottelson and Nilssof2], the first three  transition also. Considering the above facts, we have mea-
excited states, viz., 8 keV 3/2118 keV 5/2, and 139 ke ~ sured the unattenuated valueAf, i.e., A,(0), of the 94-63
7/2*, are members of the rotational band based on th& 1/2keV cascade from a time differential angular correlation ex-
ground state. The electromagnetic properties of the membeRgfiment. Since the half-life of the intermediate state is long
of the 1/2° ground rotational band in this highly deformed (46.4 nseg;, a time differential measurement is required be-
nucleus were studied earligB—5]. The members of the cause the time-dependent quadrupole perturbation present in
K=7/2" band are, however, not as well studied as thehe source may attenuate the angular correlation within the
K=1/2" band. The 9/2 state at 473 keV is the first rota- lifetime. The magnetic moment of the 379 keV 7/2tate
tional state based on the 7/3tate at 379 keV. The magnetic has been remeasured by the differential perturbed angular
moment of the 7/2 state of this band was measured earlier.correlation(DPAC) method using a N&T1)-HPGe detector
However, the only reported value ¢f for this state[6]  System. o
[(0.96+0.07)uy] is in strong disagreement with the value  FOr our measurement we have used a liquid source of
predicted theoreticallyu=4.5u,) [2]. The earlier measured YbClz obtained from BRIT, Bombay. The source is taken in
value of . for this state, using a NéTI)-Nal(Tl) detector @ Small Perspex capsule of sig@<3) mn¥. The source-to-
system, seems to be too low for an odd proton nucleus. Th@etector distances have been fixed at 7 cm.
multipole mixing ratio(s) of the 94 keVy transition depopu- The lifetime of the 379 keV state has been measured by
lating the 379 keV state was determined earlietbgubshell ~ the delayed coincidenc¢94-63 keV} method using a
ratio measurement§4,7,8. However, to our knowledge, Nal(Tl)-HPGe system. A Bicron-made Nal) scintillator
there was no attempt to find the valued®4) from angular ~ (5.1X5.1 cnf) coupled to a Phillips XP2020 photomuiltiplier
correlation measurements. tube has been used to detect the 94 kﬁ‘o‘a\y A 10-Crﬁ

In a recent work, Dey and SinH8] determined the mul-
tipole mixing ratios for the 198 and 177 keV transitions de-

populating the 316 keV 7/2 state from measurements of 324 7

angular correlation of the 63-198 and 63-177 keV cascades K=Y k=7, K="

in addition to the 198-118 and 177-130 keV casca(fig. Ler1] [«04] [523] E§ T

1). They found an almost pure2 character for the 198 keV + % — 072.9 0142 sec

transition and arM 1+4% E2 admixture for the 177 keV (47) —1— =4 433.4

transition. For both these transitions, the results do not agree s = T = 379.3  46.4 nsec
T —1 e 316.2 660 nsec

with the results of conversion electron measuremght g, T -
which suggested alWl 1+ 9% E2 admixture for the 198 keV 2 @ t,:l
transition and a1+ 17% E2 admixture for the 177 keV 7/2+__‘i‘__: Ty o ____ 139.0 302 psec

transition. The cause of the discrepancy in the results of 'S ] """~ "~~~ """~~~ 1n8.2 62 psec
v-¢(6) and conversion electron measurements was attributed 3 +o g 4 .
to “penetration effects” on the internal conversion processes 1/2,,_____:—_-_-_—:::_-::: g‘g b0k n sec
for the 198 and 177 keV transitiofi§]. It would, therefore, 72
169
* Author to whom correspondence should be addressed. FIG. 1. Relevant portion of the decay schemée®¥b.
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20 2 4 56 68 80 FIG. 4. RatioR(t) as a function of the time delat, for the

CHANNEL NO. 94-63 keV cascade df°Tm. The solid line is the least squares fit of
tehe experimental data points.

FIG. 2. Delayed coincidence spectrum of the 94-63 keV cascad

16 ; et
of “°Tm showing the lifetime of the 379 keV state. The g factor of the 379 keV state has been measured by

perturbing the angular correlation of the 94-63 keV cascade
with an external magnetic field,,,=14.1 kG. Here, the 94
keV y ray is detected in the N@ll) detector(5.1x5.1 cnf)

and the 63 keVy ray in a 25% HPGe detector of Oxford-
Tennelec-Nuclearsserial No. CNPGA 5.0-25195This in-
creases the coincidence efficiency and reduces the data tak-
ing time. Both the detectors are at a distance of 10 cm from
the source. The delayed coincidence counting r&tesiave
been recorded at an angle of 135° between the detectors, for
both up and down field directions, in a sequence of 30 min
slternately. The time spectra for these two angles of the de-
. . tectors have been accumulated in two memory subgroups of
value of A, is zero for this cascade and therefore the meaz, . MCA. In order to determine the Larmor precession fre-

sqrement has been performed@tgo and 18.0 to deter- guencyw, , the value ofR(t) is found for each time delay
mine the value ofA,. The moving detector is alternated from the expression given by

between these two angles every 30 min to avoid systematic

uncertainties. The source is centered within 1% accuracy, CT—C~  6A,

and its strength is adjusted so that the true/chance coinci- RO=27c"717A Sin2wt,

dence rate is approximately 9:1 at the peak of the delayed 2

curve. The background counts have been estimated from thgnena, =0 andw, = guyHer#, Her=BHangr; B iS the para-

flat random level of the time-to-amplitude conver@AC)  mpagnetic correction factor. Figure 4 shg%;(;t) as a func-

spectrum. Data for these two angles have been stored in gy of the delay timet. More than two full periods of the

separate memory subgroups of a multichannel analyzefpin rotation have been observed. The time calibration of the

(MCA). ) ) ) TAC is determined by inserting a fixed delay with an Ortec
The result of the differential angular correlation measure425 nanosecond delay unit. The magnetic field is measured

ment is shown in Fig. 3. Thé,(t) values are fitted to an  ccyrately using a precision gaussmeter made by Walker Sci-

exponential functionA,(t) =A,(0)exp(—Axt), where \; is  entific Inc. (model No. MG-5D, resolutionr10 G in 10.000

called the relaxation constant. A least squares fit ofl#) kG range. A least squares fit to the experimental data points
values givesA,(0)=-0.0600.010 and\,=0.10+0.005  giyes

nsec . After geometry correction for the detectdtkl, 17,
the coefficientA,(0) is found to beA,(0)=—0.68+0.011. 0. =(2.99+0.14 x 10° rad/sec.

LEPS detectofORTEC GLP-32340/13Hs set to select the
63 keV yray. From an analysis of the lifetime cur(ig. 2),

a value of the half-lifeT,;,=46.4+1.5 nsec is obtained. The
present result oy, is slightly less than the value reported
by Bodenstedtet al. [10] (T,,=49.8+1.5 nse¢ who ex-
tracted the lifetime from a composite lifetime curve obtained
for the 316 and 379 keV states in their measurement.

The time differential angular correlation for the 94-63
keV cascade has been measured using the sam@INal
HPGe system at a prompt time resolution of 23 nsec. Sinc
the 63 keV y transition is pureE1l [1,9], the theoretical

The g factor[13] for Tm ions at a temperature of 300 K is

F B=5.08. From the value ab, , theg factor of the 379 keV

- A =0.01% 0005 nsec” state of*5*Tm comes out to bg=0.87+0.04, corresponding

to ©=(3.04+0.14uy, using the above value @. The sign

of g has been assigned by the sense of rotation of the angular
correlation.

The present value oA,(0)=—0.68+0.011 for the 94-63
keV cascade corresponds to a pé& multipolarity for the
94 keV 1y transition (6=0), considering a spin sequence of

-0.01 2% 75 75 6 (912, 7/2, 7/2 and a pureE1l multipolarity for the 63 keVy

t (nsec) ray [1]. Ginther et al. [4] from L-subshell ratio measure-
ments, however, reported a value 6f(94)=(3.58+0.16

FIG. 3. Results of time differential angular correlation measure-X10~2 (4% E2 admixturg for the 94 keVy ray. Grabowski
ment for the 94-63 keV cascade in a liquid YiGburce. et al. [7] and Agnihotryet al. [8] also reported 4%2 ad-

A, )
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mixture from L-subshell ratio measurements. From thecharacter for the 94 keV transition has been found. The cause
above value of$?, the absolute value of comes out to be of this discrepancy may be attributed to the “penetration
|8/=0.189+0.004. For this cascade the theoretical values ogffects” on the internal conversion processes for the 94 keV
A, are A,=0.048 for 6=+0.19 andA,=—0.188 for 6= transition. Because of the finite size effect of the nucleus,
—0.19. Our measured value 86(0) is negative, but much some convgrsion coefficien(partiqularlyM 1.) deviate from
lower than —0.189. Thus the value 0$%(94) reported by the calculation of Roset al. [15] in the point nucleus ap-

Gintheret al.[4] can be ruled out from the present measure-Proximation. Nilsson and Rasmussgt6] pointed out that
ment. where transitions are allowed I§-selection rules detectable

The experimental values df-subshell ratios for the 94 conversion coefficient anomalies may generally be found at
keV transition, viz.L, L :L,; =1075:149:1007] and 1041 retardations greater than>L(® and are not found at lesser

+Q9- . L : o retardations. In the present case, the 94 keV transition in
6:32”]126?1?&)1,0%[% 't?](llg?;?i czl nzllgﬁi\ilgillzzzl_“t:rflrnsg?en 169Tm is retarded by only 3.7 times with respect to the Weis-

skopf single particle estimate and still penetration effects
7857:705:100 for a puré1l and 12:99:100 for a purg2 ; -
multipolarity [14]. The theoretical values afy viz., 3.11, for seem to be present. The observation of penetration effects on

. . the conversion processes for thisallowed (AK = 0) unhin-
a pureM1 and 1.15 for a pur&2 multipolarity [7] are not  yereq transition is probably the first of its kind.

sensitive enough for the determination of thElL andE2 The present result g&=(3.07-0.14uy for the 379 keV
admixture, while the experimental value@f=3.3+0.3[7].  gtate is in strong disagreement with the earlier ref6it
The experimental value af, =0.64+0.06[7] indicates that \here the differential-delay-reversed-fisldDRF) method
itis not a pureM 1 transition. For puréd1 multipolarity the a9 employed. The present resultofs closer to the value

theoretical value pfo=0.481 and for puré2 it is 2.07[7]. predicted theoreticallfu=+4.5uy [2]) for an odd proton
From theK/L ratio (=5.2=0.5), Grabowskiet al. [7] sug-  cleus.

gested a 4%2 admixture for the 94 keV transition, which is

in satisfactory agreement with that obtained from the The authors wish to acknowledge with thanks the help of
L-subshell ratio measurements. On the other hand, from oWdr. S. K. Das of the Variable Energy Cyclotron Centre in
differential angular correlation measurement, a piéd analyzing the data.
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