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Gamma-ray transitions in 2°®Pb studied in the 2°Pb(n, y) reaction
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A study of they-ray spectrum following thermal-neutron capture #§Pb has revealed 54 rays, which
have been incorporated into a level scheme consisting of 22 excited st&f&8bn This study was carried out
with an ~9 mg lead sample enriched to 78.9% in radioac%®b. The neutron binding energy &b was
determined to be 8086.670.06 keV, and the thermal-neutron-capture cross sectio®b to be 4.5:0.2 b.
The low-lying portion of the level scheme 8¥%Pb and they-ray branchings of positive-parity states have been
compared with shell-model predictions. The overall agreement is excellent for the former and reasonably good
for the latter.[S0556-281®6)04706-]

PACS numbd(s): 25.40.Lw, 21.60.Cs, 27.80w

I. INTRODUCTION neutron hole operators from data é¥Pb. Given the rather
precise agreement between shell-model theory and experi-
The domain of applicability of the spherical shell model is ment, as summarized below for the energy levelé&f®b, it
restricted to those nuclei with proton and/or neutron numberis of interest to extend this comparison to #&/E2 branch-
that lie close to the magic numbers; that is, to nuclei close ing ratios using as much informatidfrom experimentsas
mass to*He, %0, #°Ca, 5®Ni, 8Sr, and2°®Pb. Of these, the POssible on the one-body operators. This comparison gives
best closed-shell core nucleus is probaB¥Pb. Thus, the partial answers to que_stions such as is there any clear evi-
lead region is perhaps the best mass region to investigafiénce of renormalization of these operators in the two-
questions about the effective one- and two-body interactiongarticle system, and does the branching ratio data provide
Not surprisingly, there have been several shell-model invegnformation on those effective one-body operators that can-

. 7 . .
tigations of the structure of nuclei ned?®Pb. So-called re- notTtk)]e deducecli d'rlec.%g;%r?] the® kF; b mfotrrggudog? "
alistic effective two-body shell-model residual interactions € energy 'evels | ave been studied by a variety

have been constructed for this mass region by Kuo and Herce)f technique¢5]. The currently adopteg-ray branching ra-

- 0 2 .
ling [1]. Based on the experimental data available at th |60]s£i] arlzr;n:r:?(la)éffm dztsatuf? z;f?itfdb(n%?)eﬁgzgtgp
time, it was concluded in Ref2] that the structure of low- PP y y

. 504207 . . capture €) decay[7]. In this work we have made a detailed
lying states in Pb was well described in terms of the study of the?®®Pb(n,y) reaction and obtained more precise
spherical shell model with the Kuo-Herling interaction. Sub-branChing ratios for several low-lying levels f4%Pb.

sequent shell-model studies in this reg[@¥] using a vari-
ety of interactiongsurfaces, modified surface$, Schiffer-
True, Gogny, etg. have led to similar conclusions. The Il. EXPERIMENT
available data used in Rdf2] include level energies, spec-
troscopic factors for one-neutron transfer reactions, and cross
sections for two-neutron transfer reactions. The comparison To our best knowledge, the first attenfj] to produce
with experiment of electromagnetic observables provides aacroscopic amounts of%Pb (T,,=1.52x10"y) was
more stringent test of the wave functions, and while theremade by J. M. Wampler, J. B. Siberts, and R. W. Fink of the
were some data available at that time M andE2 transi-  Georgia Institute of Technology with the assistance of P. L.
tions in the Pb isotopes, they were not of high precision. Gray of Savannah River Laboratory. These authors irradiated
Over the years there has been considerable interest in thel mg of 99.8% enriched®Pb for over a year as part of
effective one-body operators fil andE2 observables and the Savannah River High Flux Demonstrat{®}. They pro-
in the information these operators provide on questions ofluced not only~18.6 ug of 2°Pb (as expected from
ground-state correlation, effects of theresonance, core po- single-neutron capture but alse1.5 ug of 2°®Pb (which
larization, etc. The most direct experimental information onwas totally unexpectgdfrom double-neutron capture. The
the effective one-body operators comes from data on moinference was made that the cross section for tH®b
ments and transitions in the one-particle and one-hole sygn,y) reaction was about eight times the cross section for the
tems. There is a moderate amount of information on the one?%Pb(n, y) reaction. Based on the known value of 6610
mb[10] for the latter, these results implied a cross section for
the 2°°Pb(n, y) reaction of~5 b, a value which was adopted
“Current address: U.S. Department of Energy, ER-23 GTNby Holden[11]. These results remained unpublished because
Washington, D.C. 20585. (i) the authors lacked a detailed knowledge of the reactor

A. Sample preparation
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TABLE 1. Composition of the PbCOj3 sample.

Constituent Cross section® Amount (mg)
Boron 767 b 4.6x10™
Carbon 3.5mb 0.54
Oxygen 0.19 mb 2.16
Sulfur 520 mb 0.08

Chlorine 33.1b 10.7x107
Calcium 430 mb 0.25

Nickel 449b 2.9x10™
Titanium 6.09b 0.04
Iron 256b 0.14

Cadmium 2520 b 0.6x107°

Samarium 5670 b 0.5x10™

Gadolinium 48890 b 0.8x107°
204py 661 mb 1.23
205pp ~5b 7.13
206pp 30.6 mb 042
207pp 712 mb 0.11
208pp, 0.49 mb 0.14
Total 12.25

aAll values are from Ref. [15] except that for 205Pb which is from
Ref. [11]. All values are thermal (n,¥)cross sections except those
for boron and cadmium which are absorption cross sections.

neutron spectrum angi) the epithermal contributiofreso-
nance integralof the 2°4Pb(n, y) reaction was unknown.

The current sample was prepared more than two decades

ago. An~10 g sample of PbO enriched to 70.9% 3ffPb

was irradiated over a three-year period with a flux of
~8x10* n/cn? s at the Oak Ridge High Flux Isotope Re-
actor. Upon removal from the reactor, the sample was taken .
to a hot cell and chemically purified. Most of the radioactive

The 12.25-mg PbC@sample that we used was analyzed
for isotopic composition, but the usual analy&@park-source
spectrographyfor chemical impurities was not performed. A
preliminary (0, y) measurement showed the presence of sev-
eral impurities(Table )) that could potentially interfere with
the 2%Pb(n,y) measurements. At about the same time, we
had built up a detailed library of-ray energies and intensi-
ties resulting from thermal-neutron capture for a large num-
ber of elements including those listed in Table I. Because the
cross section for thé®Pb(n,y) is quite large, we decided
that the degree of interference was not serious enough to
warrant further chemical separations. Another series of mea-
surements followed, and the final results are presented in this

paper.

B. Measurements

The neutron capture-ray spectrum from the 12.25-mg
PbCQ; target and a 100.0-mg CHstandard was measured
at the internal target facility located at the Los Alamos
Omega West reactor. The experimental arrangement has
been described in Refgl2] and[13]. Briefly, the target was
placed in a graphite holder which was inside an evacuated
bismuth channel. The target position was 1.5 m from the
edge of the reactor core, and at this position the thermal
neutron flux was nominally 810! n/cn? s. They rays
were studied with a 30-cfcoaxial GéLi) detector posi-
tioned inside a 20-cm-dianx 30-cm-long Na(Tl) annulus.
This detector was located 6.3 m from the target and was
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impurities were removed during the processiptissolution

in nitric acid and(ii) precipitation of lead as sulfate and 10°
oxalate. The latter compound was then ignited to oxide. The 120
sample could then be removed and handled outside the hot .,
cell. At this stage, the isotopic abundance 3Pb in the
sample was 2.7%. The sample was then enriched to 78.9% in
2050}y py passing it through a calutron. This procedure wast eco
accomplished by inserting the lead oxide into the vacuum &
system of the separator in a graphite charge bottle. Carbon
tetrachloride was passed over the heated lead oxide to pro- 20
duce lead chloride vapor. This vapor was ionized and passed
through a magnetic field to separate the lead isotopes. The
enriched ?°Pb was collected in a water-cooled copper
pocket. This material was dissolved off the copper with nitric
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acid, and the solution was boi_led down and filtered. Th_e lead FIG. 1. Selected portions of-ray spectra from thermal-neutron
was electrolyzed onto a platinum anode froR2M nitric  cantyre by2%Ph. The GELi) detector was operated either in the
acid solution, dlssolved off thg gnode with nitric oxide and compton-suppression mode) or in the pair-spectrometer mode
hydrogen peroxide, and precipitated as lead carbonate hy). All energies are in keV. A detailed list of rays observed in
means of ammonium carbonate. The precipitate was centr%pyp is given in Table Il. The prominent 1262- and 4945-keV
fuged and dried at 110 °C. The total yield 8/Pb was peaks arise mainly from the graphite holder which contained the
~17 mg. About 40% of this material was available for the 2%Pb sample. The 1294-keV peak is caused by argon present as an
current study. ambient background. See also Table I.
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TABLE II. Energies (Ey) and intensities (17) of ¥ rays observed in the 205Pb(thermal n, 7)2%Pb reaction.

E} (keV) L (mb) Placement® E}, (keV) I, (mb) Placement®
12642 6 53 5 1466.8 - 1340.5 170445 3 521 11 1704.4 = 0.0
313.67 10 39 ¢ 1997.6 - 1684.0 17642 7 14 5 4000.7 - 2236.5
31752 14 32 4 1784.1 - 1466.8 18221 3 53 7 3606.3 — 1784.1
34355 14 37 5 1684.0 — 1340.5 18439 6 25 6 2646.9 > 803.0
53748 4 793 9 1340.5 - 803.0 231932 17 58 6 3122.3 - 803.0
6176 4 15 4 1784.1 - 1166.5 23910 4 17 4 3194.3 — 803.0
6390 4 15 4 2423.4 > 1784.1 26503 7 15 4 3453.4 — 803.0
65720 4 170 5 1997.6 - 1340.5 26820 4 28 5 3484.8 — 803.0
66375 3 1413 15 1466.8 — 803.0 31946 S 2% 5 3194.3 - 0.0
68229 19 28 4 2148.9 —> 1466.8 41159 6 27 7 4116.0 - 0.0
71892 5 148 6 2423.4 - 1704.4 44802 4 87 11 C - 36063
803.04 3 3424 33 803.0 - 0.0 4568.1 7 23 6 C - 3518.5
808.58 17 28 4 2148.9 > 1340.5 46022 9 17 6 C - 34848
8566 6 17 5 2197.3 - 1340.5 48923 4 71 10 C 31943
88092 7 105 6 1684.0 = 803.0 49646 S 85 19 C 531223
956.56 11 63 5 24234 = 1466.8 515759 19 178 14 C —52929.0
98099 5 137 6 1784.1 — 803.0 566325 7 521 17 C-24234
10827 3 2% S 2423.4 = 1340.5 58505 S 4 5 C —52236.5
11943 4 23 5 1997.6 —> 803.0 5888.1 9 1 3 C 21973
1345.88 7 137 7 2148.9 -5 803.0 5037.81 14 171 10 C 521489
13938 8 15 5 2197.3 - 803.0 6089.09 15 199 11 C - 1997.6
143347 13 79 6 2236.5 — 803.0 6302.09 21 99 8 C—1784.1
1466.78 4 429 10 1466.8 = 0.0 638206 11 351 IS C— 17044
158859 8 210 8 2929.0 - 1340.5 64023 7 28 5 C - 1684.0
162030 6 305 11 2423.4 =5 803.0 661970 5 1885 40 C -5 1466.8
16555 6 16 4 3122.3 - 1466.8 671460 9 2 S C - 13405
1699.5 9 15 4 3484.8 — 1784.1 72834 3 122 9 C— 803.0

*In our notation, 126.42 6 = 126.42 £ 0.06, etc.

®Measured photon intensity. In our notation, 53 5 =53 £ 5, etc. Multiply by 0.0224 to obtain photon intensity per 100 thermal-neutron
captures.

“See also Table ITI. The symbol C denotes the capturing state at 8086.67 keV.

operated in either a Compton-suppression or pair spectromments of transitions are consistent with both existing data
eter mode. The system resolutidiull width at half maxi- and the results of nevi®Pb(n,n’ y) measurements carried
mum) in the latter mode was typically 2.5, 3.3, 4.0, and 4.7out at the University of Kentucky16]. The level energies
keV, respectively, fory-ray energies of 3, 5, 7, and 9 MeV. |isted in Table Ill were obtained through an overall least-
Measured spectra are shown in Fig. 1. Theay energies squares fit involving all transitions. Nuclear recoil was taken
quoted in this paper are based on the energy of the annihilgnto account. Each measured photon intensity (vas con-
tion radiation (511.0080.002) keV and on the neutron yerted to transition intensityl ) by taking the correspond-

separation energiegin keV) for *H, *C, and °T ing internal conversion intensity into account. For this con-
(2224.57(£0.004, 4946.3120.030, and 6257.2460.009, version, we used the multipolarities and mixing ratios given

;erzpecélc\)/?r:?aﬁg: dn mtsef.t[r}:]. tgﬁoﬁgg;%:éossvzfucgonz fin Ref.[5]. The total transition intensity out of the capturing

. state is only (87 2)% of the total intensity feeding the
7,(2200 m/s)y=332.6+0.7 mb[15] for *H present in the ground state. The missing 13% intensity is ascribed to weak
CH, standard. and therefore unobserved primary transitions. This missing
intensity is also reflected in the slight intensity imbalances
for most levels(see Table lI).

The energies and intensities of 54 rays assigned to The neutron separation energ$,J of 2°Pb was deter-
20%ph are given in Table Il. All of these rays have been mined as 8086.6%0.06 keV where the uncertainty includes
incorporated into the level scheme given in Table IIl. All the uncertainty in the calibration energies. This value is sig-
levels listed in the latter are previously known, and the placenificantly different from theS, value of 8088.% 0.4 keV

C. Results



5157.59, 5663.25, 5850.5, 5888.1, 5937.81,

6089.09, 6302.09, 6382.06, 6402.3,
6619.70, 6746.0, 7283.4
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TABLE III. Level scheme of 26Pb in tabular form and intensity balance in the 2%5Pb(thermal », ¥) reaction.
E(level)® Ref. [5] 312 (in) SIo(out) Y I2(in—out)
(keV) JT Deexciting transitions (mb) (mb) (mb)
0.0 o* 4464 37 4464 37
803.04 3 2" 803.04 3428 30 3460 33 3245
1166.5 4 o* 1166.5° 154 154
1340.46 4 3* 537.48 851 34 867 10 -16 35
1466.80 3 2* 126.42, 663.75, 1466.78 2038 41 2237 35 -199 54
1683.98 6 4" 343.55, 880.92 828 154 10 7212
1704.45 3 1t 1704.45 506 17 521 11 1520
1784.09 § 2* 317.52, 617.6, 980.99 183 12 199 10 _16 16
1997.65 5 4" 313.67, 657.20, 1194.3 199 11 256 10 5715
2148.93 6 2" 682.29, 808.58, 1345.88 171 10 196 9 2514
21973 5 3 856.6, 1393.8 113 337 228
223649 13 aty? 1433.47 487 796 3110
242335 4 2* 639.0, 718.92, 956.56, 1082.7, 162030 52117 567 16 46 23
2646.9 6 3" 1843.9 256 256
2929.05 9 4" 1588.59 178 14 211 8 3317
312233 16 34 1655.5, 2319.32 85 19 74 8 1121
3194.29 25 1,2+ 2391.0, 3194.6 71 10 437 28 12
3453.4 7 4+t 2650.3 154 -154
3484.8 4 1699.5, 2682.0 176 437 269
3518.5 7 @") 236 236
3606.28 25 2" 1822.1 87 11 537 3413
4000.7 8 1764.2 145 ~145
41159 6 15,2+ 4115.9 277 277
8086.67%5 27 +3 4480.2, 4568.1, 4602.2, 4892.3, 4964.6, 3904 58 -3904 58

*In our notation, 803.04 3 = 803.04 + 0.03, etc.
PTotal tansition intensity in and out of a particular level. In our notation, 4464 37 = 4464+37, 3460 33 = 3460133, etc. Internal

conversion is taken into account.
“Unobserved EO transition whose intensity, 15+4 mb, is inferred from the intensity balance at the 1166.5-keV level. This level is

known to decay nearly 100% to the ground state.
Based partly on correspondence with the shell model. See Table IV. No J 4 assignment given in Ref. {5].
“From the presence of a ¥ ray to the o* ground state observed in this work.
This assignment in inconsistent with recent 206Pb(n,n'j/) measurements {16] which suggest a definite J =3 assignment.

ECapturing state.

given in the 1993 Atomic Mass adjustmepi8] based
mainly on the measured value @f= —1831.2-0.5 keV for
the 2°Pb(d,t) reaction[17]. Our S,(?°Pb) value implies
Q=—1829.42-0.07 keV for this reaction. Ous,(?°Pb)
value and S,(*°*Pb)=6731.57-0.15 keV measured at
Grenoble[19], both using the 1f, y) reaction, can be com-
bined to predict a value of 4072#D.2 keV for the

20%p*5Cl— 2%4PR*’Cl mass doublet. This value is in good
agreement with the directly measured value of 40208
keV [20].

Because the level scheme is incomplete, the three quanti-
ties=ly, (primary), 2E, I, /S, , andZl, (secondary to ground
statg are not the same. The numerical vald@sunits of b
for these three quantities are 3290.06, 4.03-0.05, and
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TABLE IV. Observed and calculated energy levels in 296Pb,

Experiment  Shell model
E(level) . E(level)
keV) J (keV) Comments
o o 0 o
803 2* 818 2/
1166 0" 1158 0,
1340 3% 1332 3]
1467 27 1443 2]
1684 4% 1718 4
1704 1% 1703
1784 2% 1788 23
1998 4% 1971 4,
2140 28 2157 2}
2197  @3%) 2196 3;
2200 77 2198 7
2236  (17) 2235 1
2315 0" 2327 0,
2384 6 2384 6
2423 2% 2409 25
2647 3 Collective state
2658 9 2658 9
2782 57 2777 5]
2826  (4) 2826 4
2865 77 2868 7,
2929 4% 2929 4
2940 6 2941 6,
2960 Reported only in (p,p”)
2962 8, Experimental analog not known
2984 2" Reported in (p,p’) and (p,t)
3016 5 3023 5,
3033 Reported only in (p,p)
3096 OZ Experimental analog not known
3122 3% 3103 3;
3139 Reported only in (p,p’)
3193 (5) Reported in (p,p’) and (p,f)
3194 127
3225 67,7 3227 6,
3254 7; Experimental analog not known
3244 4~ Reported in 296Bi decay
3260 6" 3257 6
3279 5
3286 8, Experimental analog not known
. ..« .. Approximately 23 levels here
3957 (107) 3958 10,
. e e Approximately 9 levels here
4027 12" 4027 12]

Approximately 210 levels below
the neutron separation energy

4.46+0.04, respectively. We recommend a value of
4.5+0.2 b for the thermaP®Pb(n,y) cross section where
the generously assigned uncertainty takes into account the
possibility that some weak secondary transitions feeding the
ground state may have escaped detection.

Ill. SHELL-MODEL CALCULATIONS

There are currently 34 experimentally known excited
states in?°Pb (see Table IV below 3.30 MeV, and 24 of
these 34 states have firm spin and parily)( assignments
[5]. Sixteen of these 34 states are populated measurably in
the 2°Pb(n, y) reaction. The states at 2960, 3033, and 3139
keV have been reported only in thp,p') reaction[21]. We
found no evidence for these three levels in the current work.
The 2984-keV,J"=2" state, reported in thep(p’) [21] and
(p,t) [22,23 reactions, is not populated measurably in the
(thermaln, y) reaction. Between 3.30 and 4.03 MeV,34
levels are known, but only 13 of these have defidifeas-
signmentg5].

We have studied the structure 8f%Pb in terms of the
spherical shell model in which we assume that &b core
is closed and neutron holes are “occupied” in the six lowest
single-neutron-hole orbits (2, 2p3p, 1fs, 1f 7, Ohgp,
and (43,). In the calculations reported here, the neutron
single-hole energies are the same as those used previously
[2]. These energies are consistent with the observed spec-
trum of states in the single-hole nucletfPb. In our calcu-
lations, we used a variant of the one-parameter Kuo-Herling
residual interactiof1l]. We included the first two terms of
this interaction; namely, the bare interaction and the core-
polarization(or bubble diagram. In addition, we multiplied
the bubble diagram matrix elements by the single empirical
constant 0.75. With this change, the calculated energies for
25 excited states below 3.30 Melgee Table IV are in
virtually exact agreement with experiment, with the average
deviation (absolute value between theory and experiment
being only 8 keV, and the root mean square deviation only
12 keV. An inspection of the wave functions for these states
shows that there is large configuration mixing for the ground
state and the first-excited”=2" state. Most of the rest of
the even-parity states are rather pure, simple, single configu-
ration, two-hole states.

We have also calculated thd1 andE2 branching ratios
for the low-lying states i’°®Pb. In calculations oE2 ob-
servables, we used the single-particle wave functions of a
harmonic oscillator with shell spacing given by
ho=41A"Y3 MeV. Further, we assumed a state-
independent effective chargg,=0.84e for all the neutron
single-particle transition matrix elements—a parameter cho-
sen so that the calculated lifetime of the first-excited
J7T=2" state agreed with experiment. TM& operator was
specified by eight single-hole transition matrix elements.
Five of these were determined from the three measured mag-
netic moments and twdAl transition rates in’°’Pb (see
Table 2 of Ref[2], except that we used the latest experimen-
tal values. Thus, there were three free parameters. We
formed theM1 operator by using the experimental values for
the five matrix elements, and we used the free nucleon
magnetic-moment operator for the remaining three matrix
elements.
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TABLE V. Measured and calculated y-ray branching ratios of positive-parity states in 206Pb below 3.13 MeV.

Photon branching? Photon branching?
E;(keV) J" E;(keV) J* Previous® Cument Theory E;(keV) J" E;(keV) J” Previous® Cument Theory

1467 23 0 0 22614 2266 483 2315 03 803 2 1.5
803 2] 77418 7469 515 1467 25 1.7
1340 3] 2.83 0.2 1704 1 96.8
1684 47 803 2f 7388 744 77.2 2423 25 0 of <3 <2 14
1340 37 2624 264 228 803 2] 647 54821 262
1166 0 <3 0.1
1704 1 0 0 100 100 85.4 1340 3] 4710 0.7
803 2] <4 <2 74 1467 23 11310 152
1166 0 <2 6.3 1704 1] 364 26612 518
1467 23 <2 0.9 1784 23 278 42
2149 2} <2 04
1784 23 0 0f 41 <6 0.4
803 2] 733 744 59.0 2929 47 803 2 <4 0.7
1166 0, 82 5.5 1340 37 100 100 96.8
1340 3] <7 2.5 1467 23 <7 0.7
1467 25 244 172 322 1684  4f <5 02
1998 43 <5 0.5
1998 45 803 27 1096 9922 108 2197  3; <6 1.1
1340 37 75012 73322 799
1684 4 1414 16.8 17 9.1 3096° 0; 803 2] 725
1467 23 22
2149 23 0 0o <3 <5 0.7 1704 1 23.1
803 2 100 71.136  73.8 1784 23 2.1
1340 3] 14421 145
1467 23 14421 105 3122 37 803 2] 100 789 78.9
1704 1 0.4 1340 3/ 4.2
1467 25 226 13.7
2197 3; 803 2] 443 4117 335 1684 4] 0.5
1340 37 564 5317 52.3 1704 1] 0.8
1467 23 7.6 1784 23 1.0
1684 4 5.1 2149 2; 0.5
1998 45 13
236 1 0 of 0.1
803 27 100 100 95.7
1340 3/ 03
1467 25 3.6

2When setting the total photon intensity out of a particular level as 100, upper intensity limits for unobserved 7y rays are ignored. In our nota-
tion, 22.6 14=22.6+1.4,22.6 6=22.61 0.6, etc.

bBranchings of the 1467- and 1998-keV levels are from 206Bi &-decay studies {7]; all other branchings are from 206Pb(n,n')/) studies [6].

°From theory (see Table IV). All other level energies are from experiment.
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The calculated branching ratios are summarized in Table IV. SUMMARY

V, in which t_he measured values for the rati_os are a_lso Using ~7 mg of radioactive?®Pb, we have studied the
shown. We give only those branchlngs_ thafc dlff_er signifi- 20%h(n,y) reaction with thermal neutrons. This reaction
cantly from zero. Thus, the total branchings in this table dqys5 found to measurably populate 22 excited states in
not always sum to 100%. _ _ 208ph. For these states we have determined accurate level
In general, the calculations and observations are in goognergies and, whenever possible, good branching ratios. We
agreement. The most significant discrepancies are for the deave calculated the energies and branching ratios of low-
cay of the second and fifth"=2" states. We have made a lying levels in 2%Pb within the framework of the conven-
preliminary attempt to see if any simple modifications of thetional shell model with the Kuo-Herling residual interac-
effective M1 operator can reduce these discrepancies. Betions. Excellent agreement is obtained with the experimental
cause of the simple nature of many of the wave functionslevel scheme. The branching ratios are in good agreement for
the branching ratios in a number of cases should depenmhost, but not all, low-lying positive-parity states fi%b.
sensitively on only one or two of the effective operator ma-
trix elements. We looked for such behavior by repeating the ACKNOWLEDGMENTS
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