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We have searched for the /-forbidden beta decay of **'TI to the first excited state of 2’Pb by look-
ing for 570-keV y rays following the decay of °’Tl. We find a branching ratio of (2.4+5.6)x 107’
per 'T1 decay. This limit could provide a test for calculations of core polarization, meson ex-
change, and A excitation effects. We also find a branch of (0.54+0.05)% for the /-forbidden M1
transition **’Pb(898,3 ~ —570, 3 ) and measure the intensities of ¥ rays emitted following the decay

of 2!'Pb.

I. INTRODUCTION

The 1+ — 3~ B decay of *”’Tl to the 570-keV first ex-
cited state of 2O’Pb is a unique first-forbidden decay. The
27T] ground state is, to first order, a 3s,,, proton hole
and the 2’Pb 570-keV state is a 2f5,, neutron hole.
Thus the orbital angular momentum change involved in
the decay is Al =3. The first-forbidden decay operator,
however, changes the orbital angular momentum by one
unit; therefore, to first order this decay is / forbidden as
well.! The decay rate is thus expected to be dominated
by corrections to the wave functions and to the decay
operator due to core polarization, A—N —1 admixtures,
and exchange currents.” With the aim of providing an
observable which can shed light on these ‘‘extra-
nucleonic” degrees of freedom, we have attempted to
measure the aforementioned decay rate by looking for
570-keV y rays following the decay of 2°’Tl.

While the contribution of such “extra-nucleonic” de-
grees of freedom to magnetic moments and /-forbidden
M 1 transitions in the 2°®Pb region has been studied exten-
sively both theoretically and experimentally,®> the study
of their contribution to /-forbidden beta decays has been
sparse. A notable exception is the recent work of Adel-
berger et al.,* who measured the I-forbidden beta decay
rate of **Ca(2*) to ¥K*(1*). Both *'Tl and *°Ca are
one nucleon removed from a doubly-magic nucleus, and
hence the zero-order wave functions can be determined
reliably. However, °Ca is a hole in an LS closed shell
and hence the contribution of core polarization enters
only in second order, compared to meson exchange and
isobar currents which contribute in first order.* In 20Tl
the shells are jj closed and hence core polarization con-
tributes in first order. Consequently, one would expect
that the weights of various contributions to the I-
forbidden decay of 2°’T1 will be different from those in
the I-forbidden decay of 3°Ca and hence that the current
experiment would provide an independent measurement
of the various couplings.

In the course of our experiment we also measured the
intensity of y rays following the beta decay of 2!'Pb.
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Since the precision of our measurement is comparable to
the most precise data available in the literature, we felt it
worthwhile to present these data as well.

II. EXPERIMENTAL PROCEDURE

The *°’T1 activity was produced from the decay chain
of 2*Ra (Fig. 1). A 1.9 107 Bq (0.5 mC) source of ?’Ra
in a 0.5 N HCI solution was obtained from Isotope Prod-
ucts Laboratories, Burbank, California. The solution was
deposited onto a cation exchange column (Dowex 50 W
X4, 100-200 mesh, Hydrogen form) =3 cm high and 0.8
cm in diameter. The 2'TI activity was eluted from the
column with 0.5 N HCl. The above procedure is similar
to that of Ref. 5. The solution was eluted into a 4 ml vial
which was taken to a counting station (described below),
and counted for 800 s (=~2.8 times the *°’Tl half-life of
4.77 min). This simple radiochemical procedure did not
completely separate the Tl and Bi activities. In particu-
lar, the presence of 2!'Bi (¢, , =2.15 min) proved trouble-
some because (1) the intense 351-keV 2!!Bi line dominated
the count rate, and (2) the 570-keV gamma line of interest
is produced via weak branchings through 2!'Po (Fig. 2.).
In order to reduce these problems, the sample was not
counted until approximately 6 min after elution or until
the count rate in the Ge(Li) detector dropped to =6 kHz.
Since the elution process had to be repeated several times
in order to accumulate enough statistics, Pb, whose dis-
tribution coefficient is ~4 (compared to =0.4 for Tl and
~100 for Ra),® was eventually also eluted from the solu-
tion. The vial with the eluted solution was placed in a
plexiglas sleeve attached to the front face of a 45 cm?
Ge(Li) detector. The walls of the plexiglas sleeve were
~6 mm thick in order to stop betas accompanying the
decay of 2'T1. The Ge(Li) detector was surrounded by a
Nal shield consisting of an annular detector 30.0 cm
long X 21.5 cm outer diameter with an 8.9 cm inner diam-
eter, and a 7.6 cm X 7.6 cm Nal detector to close one end
of the annulus. The Nal array had two functions: (1) it
acted as an anticompton shield and (2) it suppressed 570-
keV transitions fed by the ¥ decay of the 898-keV level by
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FIG. 2. Decay schemes of !'Bi, 2!'Po, and 2'T1. Level ener-

gies are in keV.

detecting the accompanying 328-keV y ray in an-
ticonidence (Fig. 2). A standard fast-slow coincidence
circuit routed the Ge(Li) signal into one of two 2048-
channel regions in an ND2400 multichannel analyzer:
one region for no-coincidence signals (labeled ACCEPTS)
and one for coincidence signals (labeled REJECTS). The

TABLE I. Gamma rays observed in the elution of 2°’Tl from ***Ra.?

E, (keV) I, (relative)
Parent Present Present
nuclide work Ref. 7 work Ref. 7
21pB; 351.06(12) 351.00(10)
20771 328.10(12) 328.2(2)
2077 569.62(12) 569.65(10) (see Table IV)
2077 897.77(12) 897.80(10)
214B;4 609.32(12) 609.312(10) 46.1(1.5)° 46.1(1.2)
214Bj 665.27(14) 665.453(22) 1.64(31) 1.59(5)
24Bj 768.45(12) 768.356(10) 4.56(29) 5.00(7)
214p; 805.98(12) 806.174(18) 1.18(12) 1.25(3)
214Bj 826.31(24) 826.2(3) 0.32(10) 0.090(7)
214Bj 934.05(12) 934.061(14) 3.26(19) 3.25(6)
214B; 1120.26(12) 1120.287(2) 15.1(6) 15.3(2)
24B; 1155.21(16) 1155.19(2) 1.87(16) 1.72(5)
214Bj 1238.13(15) 1238.110(10) 5.62(28) 6.05(6)
214Bj 1281.03(22) 1280.96(2) 1.46(16) 1.50(5)
214Bj 1377.64(19) 1377.669(14) 3.66(21) 4.12(8)
214B;4 1385.30(26) 1385.31(3) 0.81(12) 0.79(3)
214Bj 1401.60(26) 1401.50(4) 1.32(16) 1.41(4)
214B; 1407.94(25) 1407.98(4) 2.13(18) 2.52(4)
214B4 1509.21(27) 1509.228(17) 2.17(20) 2.23(5)
214pp 242.01(12) 241.92(3) 8.3(4) 7.6(8)
214pp 295.17(12) 295.22(4) 18.9(6)° 18.9(2)
21Th 235.92(14) 236.0(2) 100(9)° 100(8)
27Th(?) 254.2(3) 254.7 25(9) 3.8(8)
221Th 256.16(16) 256.3(2) 56(8) 57(3)
227Th 285.5(5) 286.2(2) 16(9) 12.3(6)
21Th 298.2(6) 300.0(2) 16(9) 17(2)
221Th 329.9(2) 329.9(2) 44(10) 21.5(1.5)

22lpp lines are listed in Table II.
Yield normalized to that in Ref. 7. See Table III for yield relative to 2°'T1(898) line.
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FIG. 3. Gamma-ray spectrum observed after the elution of 2°'Tl from **’Ra. The lower spectrum (REJECTS) corresponds to
counts vetoed by the anticoincidence shield, the upper spectrum (ACCEPTS) corresponds to counts without coincidence. Gamma
rays are labeled by their energy, to the nearest keV, and by their parent nuclide.

accidental coincidence rate was kept below 1% (typically
0.5%) without having to reject slow risetime signals. In a
preliminary set of runs the spectra were collected using a
PDP 11/60 data acquisition system. For those runs, the
ACCEPTS and REJECTS spectra were collected in four
successive time slices each 4 min long.

The energy calibration and the efficiency of the Ge(Li)
detector as a function of energy were determined using
calibrated sources of **Mn, 3'Co, ®Co, 8y, 33Ba, ¥'Cs,
and ?""Bi.

III. EXPERIMENTAL RESULTS

A cumulative spectrum representing 4.44 h of counting
is shown in Fig. 3. An expanded view of the region of the
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FIG. 4. Expanded regions from Fig. 3: (a) region of the 328-
keV peak, (b) region of the 570-keV peak. The lines are fits with
Gaussian shapes plus polynomial background.

328- and 570-keV lines is shown in Fig. 4. The strongest
lines shown in Fig. 3 are labeled by their approximate en-
ergy and parent nuclide. In addition to the 328-, 570-,
and 898-keV y rays from 2°’Tl decay, we observed y rays
from the 2!'Bi and ?''Pb parents of 2°’Tl, and from 2!Pb,
214Bi (226Ra daughters) and ?*’Th contaminants in the
225Ra source. The decay half-lives of the 351- and 898-
keV lines were obtained from the set of time-gated spec-
tra mentioned above and were found to be consistent
with those of 2!'Bi and 2°"Tl, respectively.

The intensities of the 351- and 898-keV lines in the RE-
JECTS spectrum shown in Fig. 3 are (0.39210.006)%
and (0.4710.04)%, respectively, of their intensities in the
ACCEPTS spectrum. These fractions are consistent with
the expected accidentals rate. The slightly higher frac-
tion of rejected 898-keV gammas may be due to real coin-
cidences between the 898-keV y ray and bremsstrahlung
from the beta ray feeding the 898-keV level. Thus we
conclude that no y rays accompany the 351- and 898-keV
y rays, which is consistent with the decay schemes of
211Bj angd 29771 (Fig. 2 and Ref. 7). Because of this, and
the agreement of the energy of these lines, 351.06+0.12
keV and 897.771£0.12 keV, with the energies8 351.01+0.1
keV and’® 897.840.1 keV of the y rays from the decay of
2Bj and 2°7Tl, respectively, we ascribe the 351-keV line
to 2!'Bi decay and the 898-keV line predominantly to
20771 decay.

Table I lists the y rays observed in the spectrum shown
in Fig. 3. The 211pp lines, shown in Table II, were ex-
tracted from separate spectra collected as follows: a
volume saturated with Pb was eluted and counted for two
time periods each 2000 s and separated by 49 min. The
total spectrum is shown in Fig. 5. These spectra were
used to obtain (1) much better statistics on the 2!'Pb lines,
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FIG. 5. Spectra of gamma rays vetoed by the anticoincidence shield (REJECTS) and not vetoed (ACCEPTS), following the elution

of ''Pb from ?**Ra.

TABLE II. ?''Pb gamma rays observed in elution of Pb from **’Ra.

E, (keV) Relative intensity®
Present Present
work Ref. 10 Ref. 10 Ref. 11 Ref. 12 Ref. 8 Average® work
313.64(12) 313.8(2) 0.24(3)
342.02(12) 342.7(2) 0.27(4) 0.15(5) 0.22(3) 0.25(2)
404.89(12) 404.84(4) 30.0(9) 27.4(1.2) 29.6(2.0) 30.8(1.5) 29.6(6) 29.3(9)
427.14(12) 426.99(4) 13.5(6) 14.5(1.4) 13.7(1.0) 14.3(8) 13.8(4) 13.9(4)
478.0(4) 0.10(2)
479.62(20) 0.04(1)
481.1(4) 0.20(4)
481.92(12) 0.08(1)
491.82(12) 492.0(4) 0.11(3) 0.032(6)
494.22(30) 0.013(5)
500.4(5) 0.09(2)
502.02(20) 0.028(6)
504.12(12) 503.3(4) 0.12(2) 0.045(6)
503.6(7) 0.006
609.5(2) 0.18(3) 0.25(5) <0.41 0.20(3)
704.66(12) 704.5(1) 3.77(19) 3.7(3) 3.7(2) 3.73(13) 3.6(1)
766.45(12) 766.34(7) 5.55(28) 5.2(2) 4.9(3) 5.0(3) 5.18(13) 4.94(16)
832.02(12) 831.83(4) 29.8(9) 27.4(1.2) 24.1(1.7) 25.6(2.3) 28.05(6) 26.7(8)
865.87(24) 865.6(3) 0.050(8) 0.07(2) 0.053(15) 0.053(7) 0.042(6)
1014.71(12) 1014.7(2) 0.14(1) 0.15(1) 0.13(2) 0.144(7) 0.129(8)
1080.10(13) 1080.2(1) 0.120(12) 0.08(1) 0.083(10) 0.091(6) 0.095(6)
1103.52(20) 1103.4(4) 0.040(6) 0.023(5) 0.030(4) 0.033(4)
1109.48(13) 1109.5(2) 1.15(8) 0.81(6) 0.79(8) 0.895(41) 0.90(3)
1196.15(14) 1196.6(2) 0.10(1) 0.08(1) 0.079(15) 0.088(6) 0.072(5)
1270.79(18) 1270.8(2) 0.070(7) 0.08(1) 0.048(8) 0.065(5) 0.043(4)

*Intensities relative to I, =100 for the 351-keV y ray of *!'Bi, with *!'Bi a decay in equilibrium.
"Weighted average of intensities given in columns 3-6.
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(2) a two point half-life estimate of the lines attributed to
2Uipb, and (3) the branching ratio of 2°’T1 to the 898-keV
level in 2°7Pb, as explained below. The assignment of y
rays shown in Tables I and II to the indicated parent nu-
clides rests on the agreement of their energies and rela-
tive intensities with the accepted values for these quanti-
ties.” As Table II shows, our results for the relative in-
tensities of 2!'Pb transitions agree well with the weighted
average of the previously reported results.>!°=12 Al-
though we do observe y rays in the region 65-97 keV, our
resolution at those energies was not good enough to
separate those from Pb x rays and from each other. We
do observe six weak lines between 479 and 505 keV but
these are not in agreement with the lines given in that en-
ergy region in Ref. 10. Because these lines are not ac-
companied by any transitions (all the strength is in the
ACCEPTS spectrum), it is unlikely that these transitions
are in 2!'Pb. However, the overall agreement of the ex-
tracted relative intensities for lines we do associate with
the decay of 2!'Pb with previously published results as-
sures us that our energy and efficiency calibrations are
correct.

Because the contaminants observed in our spectra have
complicated decay schemes, it is important to ascertain
that the 570- and 328-keV lines, which are the weak lines
of interest in this study, actually belong to transitions in
207pp resulting from 2°’T1 (and ?''Po) decay, and are not
some weak previously unreported transitions in the con-
taminants that are accidentally degenerate with the
sought-after lines. To that end we compared the contam-
inants yield in the PDP-11 run to their yield in the
ND2400 run. Because of variations in the eluant volume,
delay time between elution and counting and possibly
some other factors, the yield of contaminants relative to
the yield of the 898-keV 2°’Tl y rays is different in the
two runs. If we let R1(E)=(yield of y’s of energy
E)/lyield of 898-keV y’s) for the ND2400 spectrum (Fig.
3), and R2(E) the corresponding ratio for the PDP-11
spectrum, then R =R 1/R?2 is a measure of the correla-
tion between ¥ rays of energy E with that of the 898-keV
line. Table III shows these ratios for the strongest transi-
tions identified with each of the contaminants as well as
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for the 570- and 328-keV lines. It is clear from the table
that the relative yield of contaminants changed substan-
tially while that of the 570- and 328-keV lines remained
correlated with the yield of the 898-keV transition in
207pb. Hence we are confident that these transitions are
in 27Pb. Since the B+ /EC decay of *’Bi can also feed
the states of interest, we searched for the 1063.64-keV y
ray line that would be present in 2°’Bi decay (but not in
20771 or 2!'Po decay).” (Although *’Bi is an unlikely con-
taminant in the 22’Ra solution, it is a possible contam-
inant in the Pb shielding surrounding the annular Nal
detector.) No evidence for this line was found; its yield
relative to that of the 570-keV line was <2.5X10~2 (one
standard deviation), compared to 0.75510.023 expected
for 27Bi decay.’

The y ray yield of the 570- and 328-keV lines was ex-
tracted using a Gaussian peak shape plus a polynomial
background. These fits are shown in Fig. 4. The peak on
the high-energy side of the 328-keV 2°’Tl line [Fig. 4(a)]
has an energy of 329.91+0.2 keV and is probably mostly
due to 2*’Th (see Table I).

In extracting the beta branch of 2*’Tl to the 570-keV
level corrections have to be made for the indirect feedings

211Bj(B)?"'Po(a,)**"Pb(570)
and

207T1(3)2°7Pb(898) — 2°7Pb(570) .

Because the observed yield of 570-keV y rays is con-
sistent with that from the above indirect feedings, the ex-
tracted branch is very sensitive to these corrections.
Therefore, we believe it is important to detail how these
corrections were made. The observed total photopeak
area (ACCEPTS plus REJECTS) of 570-keV y rays,
YTOT sy, is related to the number of feedings from 2°'Tl,
N, and from 2!'Po, Np,, and from the decays
27pb(898) — 22"Pb(570), N4, by

YTOT 530 =€s70(1+as30) '[N+ Npo+Niypg(1—Pyn)]
where

Py =1 +a3) " apg+ g apg(1+a3p8) loogmi

TABLE III. Intensity of gamma ray lines relative to 898-keV line.?

Parent E, ND2400 run PDP-11 run
nuclide (keV) (%) (%) Ratio (ND2400/PDP-11)
2077] 570 0.57(4) 0.59(6) 0.97(12)
2077 328 0.50(5) 0.61(6) 0.82(12)
2UBj 351 831(7) 954(7) 0.87(1)
2lipy 405 19.0(1) 105.5(8) 0.180(2)
2lipp 832 17.5(1) 96.6(5) 0.181(1)
24pp 242 0.82(4) 0.26(9) 3(1)
2l4pp 295 1.86(5) 0.6(1) 3.1(6)
214B4 609 7.40(7) 1.18(13) 6.3(7)
214B4 1120 2.38(6) 0.37(2) 6.5(5)
27Th 236 0.44(4) 2.99(9) 0.15(2)
21Th 256 0.25(4) 1.77(12) 0.14(2)

20Only strongest two lines of each nuclide is given.
relative intensities given in Table I.

Intensities of other lines can be determined from the
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and €55 is the Ge(Li) photopeak efficiency for 570-keV y
rays, a is the total internal conversion coefficient, ayg is
the K-shell internal conversion coefficient, 73,3 is the
Ge(Li) total efficiency for 328-keV y rays, wg is the K-
shell fluorescence yield, and 7 is the Ge(Li) total
efficiency for Pb K x rays. P, is the probability that a
570-keV ¥ ray that is fed by a transition from 2°’Pb(898)
to 27Pb(570) is summed out of the photopeak by the ac-
companying radiation from that transition. That radia-
tion could be a 328-keV y ray or an x ray following a
transition by internal conversion. Internal conversion
from shells higher than the K shell has been ignored in
the above expression because both the M1 internal con-
version coefficients for those shells and the Ge(Li)
efficiency for the low-energy radiation filling the holes are
small. Internal conversion electrons are absorbed by the
source holder and hence do not contribute to summing.
The photopeak area of 570-keV y rays in the ACCEPTS
spectrum, Y ACC s, is related to the feedings of the 570-
keV level by

Y ACC 570 =€575( 1 +t579) ™"
X [Ny +Npo+Nyg(1— Py — Pepiaia)]
where
Ppieta =(1+a308) "' (E335— 328

tag (1 +ag) ok (Ex —Ck)

& is the anticoincidence shield efficiency, and ¢ is the frac-
tion of ¥ rays (or x rays) that enters the shield by scatter-
ing from the Ge(Li) detector. Pg;.4 is the probability
that radiation accompanying the feeding of the 570-keV
level by a transition from 2°’Pb(898) to 2°’Pb(570) is
detected by the shield (hence putting the 570-keV signal
in the REJECTS route). The fraction of events in which
radiation scatters from the Ge(Li) to the shield has to be
subtracted from the efficiency of the shield because those
events lead to summing in the Ge(Li) and hence are al-
ready accounted for in the term Pg,,.

The fraction of events that scatter from the Ge(Li) to
the shield was obtained from the ratio of Compton events
in the REJECTS spectrum to the calculated yield of abso-
lutely calibrated single-line sources. The anticoincidence
shield efficiency was determined from expressions similar
to the ones given above applied to coincident transitions
in the decays of 0Co, 214Bj, 207Bj, ?!'Pb, and *’Ba. '3 Np,
was determined from the number of 351-keV ?!'Bi ¥ rays
observed in our spectrum using the following fractions:
0.127+0.002 351-keV y rays per 2!'Bi decay,®
(2.7440.04) X 102 B~ decays to 2!'Po per 2!'Bi decay,’
and (5.3410.19) X 102 570-keV y rays per *''Po decay.®
The fraction of 570-keV y rays attributable to 2!'Po de-
cay thus extracted was (56%2)% of the ACCEPTS
counts and (16.5+0.7)% of the TOTAL=ACCEPTS
+REJECTS counts. The errors quoted on these percen-
tages reflect the combined uncertainties in the above
branching ratios and the statistical uncertainty in the
351-keV y ray yield; it does not include the statistical un-
certainty in the 570-keV ¥ ray yield.

In order to determine N;,3 from the observed yield of

328-keV y rays, the internal conversion coefficient a,g
has to be known. There is no previous experimental
determination of this coefficient. A theoretical estimate
of a;,3=0.353 can be obtained from the tables of Rosel
et al.;'* however, because the 898 —570 transition is to
first order a 3p;,, —2f5,, Al =2 M1 transition, it is / for-
bidden and hence the nuclear structure-dependent
penetration effect correction to the above calculation
might be very important.”> By comparing the REJECTS
yields of the 570- and 328-keV y rays we find
a353=0.16120.08. Even though this estimate has a large
error it does seem to indicate that the internal conversion
coefficient for this transition is less than the first-order
theoretical estimate quoted above.

With the above corrections, and making use of the
known’ internal conversion coefficients of the 570- and
898-keV transitions (2.20%+0.07)% and (2.25+0.30)%, re-
spectively, we obtain a relative branching ratio

21T1(B~)27Pb(570) /29 T1(B~ )*°7Pb(898)
=(0.9+2.1)x107*.

To convert this branching ratio to an absolute decay rate
the decay rate to the 898-keV state is needed. We ob-
tained the branching ratio of 2°’TI to the 898-keV level
from the two spectra whose sum is shown in Fig. 5.
From the intensities of the 2!'Pb lines, the 351-keV 2!'Bi
line and the 898-keV 2°’Tl lines in each of the two spec-
tra, and making use of the known half-lives of 2!!Pb
(36.1£0.2 min), 2''Bi (2.15 min), and 2'TI (4.77£0.01
min),” and of the intensity of 351-keV y rays per ?''Bi de-
cay (0.127+0.002),® we obtain a value of (0.263+0.009)%
for the intensity of 898-keV y rays per 2°'T1 decay. This
result is in agreement with, but has a smaller error than
the intensities listed in Lederer and Shirley:’
(0.24+0.04)% (Ref. 5) and (0.270+0.025)%.8 Combining
this result with the branching ratio quoted above we ob-
tain a branching ratio for the beta decay of 2°'TI to the
570-keV level of ’Pb of (2.4+5.6)X 10~". This limit is
more than 2 orders of magnitude lower than the previ-
ously established limit® of <1x10~* We also obtain a
more precise result for the relative ¥ ray intensity of the
328-keV line to the 898-keV line: (0.541+0.05)% com-
pared to the previous value’ of (0.6+0.2)%. Our results
are summarized in Table IV.

TABLE IV. Summary of present results.

Intensity per decay
Present results Previous results

(2.63+0.09)x 1073 (2.40+0.40)x 1032
(2.70£0.25)x 10~3®
< 10—4a

Beta decay of 2°'Tl

20771 207Pp(898)

20771 207Pb(570) (2.4£5.6)x 107

Radiative decay of Present result Previous result

207Pp(898) state
898> 570/898 > g.s.

(0.54+0.05)% (0.6+0.2)%"°

2Reference 5.
®Reference 8.
‘Reference 9.



1376
IV. DISCUSSION AND CONCLUSION

Our measured branch for the /-forbidden unique beta
transition 2’ T1(1 *)—2""Pb(3 ) corresponds to a half-life
t1,>3.6X10%s (one standard deviation). The only
theoretical estimate, to our knowlédge, is a calculation by
Khafizov using the methods of finite Fermi systems
theory (FFST).!® Taking account of the spin-isospin in-
teraction with the constant g, =1.0 and of one pion ex-
change,!®!7 Khafizov gets ¢;,,=2.3x10° s. If the term
Al(a-p)p/p}l7y, is included in the local charge of the
quasiparticles, with A=0.03, Khafizov gets
t1,,=5.5x10%s.18 A further reduction to ¢, ,,~1x 10" s
is obtained if the velocity-dependent spin-isospin interac-
tion of the quasiparticles, g(o,-0,)(p;p;)(7,-7,)/p}, is
included with g{=0.8. It is seen that our result already
places a constraint on the gi-A parameter space. The
above value of A was adjusted by Khafizov'® to fit the
measured half-life of the /-forbidden 2 *— 1+ transition
of **Ca.* The possible influence of a velocity-dependent
spin-isospin interaction on that half-life was not explored
in Ref. 18 and hence we cannot say whether the value of
A is consistent with our measurement. All we can say is
that if g} =0 then the value of A extracted from the fit to
the ¥Ca half-life predicts a half-life that is consistent
with our measurement. Plans are currently under way to
improve our measurement.

From our measured branching ratio for the
27Pb(898,3~—570,57) y transition and the known
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half-life of the 898-keV state [(0.111+0.015) ps],” we
deduce a B(M1) value for this /-forbidden transition of
(53+9)x 10733, In extracting the B(M1) value we
corrected for a 0.47% E2 admixture [B(E2)=(33%2)
e*fm*], which we calculated using the intermediate cou-
pling model of Hiuser et al.!® Using FFST, Speth
et al.? calculate B(M1)=20.7X10"3u? for this transi-
tion, while Arima and Huang-Lin?! get
B(M1)=0.03x 10~3u% by taking into account core po-
larization and pion exchange using Kuo’s G matrix ele-
ments. Both calculations account well for the observed
quenching (by about a factor of 4 relative to the Schmidt
values) of /l-allowed M1 transition rates in the lead re-
gion, but systematically underestimate the [-forbidden
M1 rates. Our result reinforces that trend.

To summarize, we have measured the decay rate of the
I-forbidden beta transition 2’TI(1F)—2Pb(3~). We
find ¢, , >3.6x10® s. This limit is over 2 orders of mag-
nitude greater than the previously established limit. It is
useful in distinguishing between model wavefunctions for
nuclei around the 2%®Pb double-shell closure and ultimate-
ly should provide a constraint on the strength of
nucleon-meson couplings in heavy nuclei.
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