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We report experimental measurements?#Pu of the following: primary and secondagyrays and con-
version electrons from thermal neutron capturéi®Pu;y rays from?*°Cm o decay; proton and triton spectra,
respectively, from @,p) and d,t) reactions or®*Pu and?*%Pu targets. From these data and those of other
investigations, we have identified 53 excited levels$t#Pu below 1400 keV. Of these, 44 are placed in 10
rotational bandgwith connecting transitionghat have been assigned Nilsson configurations. For the bands
below 1 MeV in?*Pu that are largely of single-particle character, there is good correspondence with similar
bands in?*®U and with the theoretical model of Gareewal. For those bands iR*'Pu where there is mixing
between single-particle and vibrational modes, we find some significant deviations from theoretical predictions.
For example, thé[622]®0’ state at 519 keV appears to mix less with other states than predicted, while a trio
of K™= %’ bands show unexpected mixing patteff&0556-281@8)00503-3

PACS numbgs): 25.40.Lw, 25.45.Hi, 23.20.Lv, 27.98b

[. INTRODUCTION ing thermal neutron capture, and primary transitions follow-
ing resonance captufés.
The nuclear level structure associated with an unpaired To obtain the present data, we have used spectrometers of

147th neutron is most readily available to the experimentalisgremIy increased resolution and sensitivity for neutron-
i i apture y-ray [17] and conversion-electrohl8] measure-
in two nuclei, 22U and 2%Pu. The former nucleus has been —oro ¢ Y8 [17] fL8]

. ments at the Institut-Laue LangevifiLL) in Grenoble,
well characterized through neutron-capturgray and  pErance. The fission reaction produces serious interferences
transfer-reaction spectroscogyt,2]. Prior to the present (via fission-product decayin the y spectra from neutron-
measurements, the level structure ¥fPu was less well capture studies of botR*}Pu and 2%, although the differ-
known([3], even though a wide variety of experimental tech-ing temporal behavior of the fission product and captyre
niques had been employed in its measurement. These iRays allows one to effectively distinguish between them. Our
cluded spectroscopic determinationyfays and/or particles data have been derived also from measurements ofithm (
emitted duringa-decay[4-7], B-decay[8-10, (d,d’) in-  and (d,t) reactions made with improved sensitivity at the
elastic scattering11], and single-nucleon transfer reactions Argonne National Laboratory. Inherent advantages in the
including (d,p) [11], (d,t) [11,12, and @He,a) [12]. The  nuclear spectroscopic study #Pu include its population in
lifetime of the second excited state was studied using ther decay, decay, and ¢,t) and ¢He,a) reactions, tech-
(d,ty) reaction[13]. Previous f1,y) studies include primary niques that cannot be applied in the cas€Su.
transitions[11,14,19 and secondary transitiof44] follow- As compared with previous thermah,(y) studies of the

levels of ?*Pu, the numbers of secondapytransitions that

we have detecte®27) and placed in the level schemiE05)

*Present address: Western Oregon University, Monmouth, ORre far greater than before where corresponding numbers are

97361. (22,22, respectively: Also, our measurements span a much
"Present address: Technical University of Munich, D-85748wider range ofy energies, 35—1500 keV, as compared with
Garching, Germany. the rather restricted range previously, 550-840 keV. We
*present address: University of Bingen, D-72076 Thingen, have deduced multipolarities from conversion electron mea-

Germany. surements for a large fractidi83%) of the observed transi-
8Present address: Harwell Laboratory, OX 11 ORA, Great Britain.
'Deceased.
TPresent address: Office of Energy Research, U.S. Department oftApparently, the authors have reported only those gamma transi-
Energy, Germantown, MD 20874-1290. tions that they were able to place in their level sché.
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tions (previously 15%. We have measured energies and in- The complete set oj-ray energies and intensities attrib-
tensities for 30 primaryy rays (3600-5100 keY, as uted to2*'Pu is given in Table I. Values of energy and rela-
compared to 17 that were measured previously. tive intensity were assigned a figure of méi—D; see col-
We report new experimental data fromd,p)- and  umn 3 in Table ). The y-ray energies in the present data set
(d,t)-reaction measurements at the Argonne National Labogre much more precise than those reported previously for
ratory in lllinois that supplement existing data by identifying transitions in24%Pu, e.g., the average uncertainty for the 33
nine levels not previously observed in these spectra. transitions in Table | wittE, <200 keV is 2.5 eV compared
with an average of 60 eV for 12 transitions, previously.
. EXPERIMENTAL METHODS Similarly, for transitions withE > 300 keV, the average un-
A. Secondary gamma rays from thermal neutron capture Certainty for transitions in Table | is 7.6 eV Compared with
Secondaryy rays following thermal neutron capture in an average of 200. ev previously. '_I’his improvgd precision
pas been of considerable benefit in constructing the level

“*Pu (0,=291b) were measured using the CurVGd'Crys’tascheme since it has allowed for much greater certainty in the
spectrometers GAMS1 and GAMS2/3 at the Institut Laue- 9 y

Langevin (ILL) in Grenoble. Two targets were used eaChplacement of transitions using the Ritz combination tech-
consisting of about 4 mg o#*PuQ, (enriched to 99.46%in  MAUe.

the form of a wafer of height 4.65 cm and width 0.57 cm. _

The GAMS spectrometers are situated on opposite sides of a B. Conversion electrons from thermal neutron capture
horizontal beam tube, and4view the target situated in a ther- The conversion electrons following thermal neutron cap-
mal neutron flux of 5.5 10' neutrons/crh s. The GAMS1 e in 249y were studied with the BILL electron spectrom-

spectrometer was used to measure theays in the range  ger at the ILL[18]. Two targets were employed: a thin target
35-500 keV; the energy resolutidfWHM in eV) was 5.6 (46 pglcn?) was used in the range 18—100 keV, and a

—6p=2 . . .
é i&sglwé(kse[)\/gésbngrer\:vfs t:ze%riir Sc’;adr]'fftrr?gt'g:]'gzhif’othicker targe(298 ng/cn?) in the range 1001500 keV. The

: . thermal neutron flux at the in-pile target position was 3
1500,25(62\/; the energy resolutioFWHM in eV) was 2.0 g4 hoyrons cmi? 572, The rr?omentgm Fesolution ob-
< 107°E’(keV)/n. The method of analysis of these data hastained wasAp/p=5x10"*. Relative intensities and ener-

b ees?nigszﬂgfﬂ;; githaélrggvrlx%t?r%ﬁ.ﬁssion cross section o ies were aligned in the overlap region and were corrected
or self-absorption at low energies by a comparison of sub-

1010 b, which is significantly larger than the cross SeCt'onshell ratios of known transitions. The resulting intensities

- . - 24 B . . . . _
for its production in a®*%Pu target, irradiation in a high neu and energies were calibrated against fheays using transi-

tron ﬂ_ll_Jr)]( will producle a ra_[irl]dtr?row';h of flSSlor:j-pr%duqrt tions of known multipolarity(usuallyE1 or pureE2). Mul-
rays. 1nesey rays, along wi ose Irom second-order r]eu'tipolarities of strong transitions were determined from

tron capture, produce an intense, ever-growing backgrounE_SubShe” ratios and those of weaker transitions from abso-

of discrete lines and, thus, represent a serious interferenge, .* .0 o rcion coefficientEl9]. In cases of weak transi-

\Qﬂg the c;b_selrvatlzn 0th rayst frf?m t.thel d%-extc_:ltatlon ?f | tions, the absence of conversion electron peaks set an upper
u nuclei. In order to most effectively identity spectra limit on the conversion coefficient, resulting in partial infor-

lines that were increasing ‘empo“?”y' two separate IrraOIIafnation of the multipolaritye.g., limiting the transition t& 1

tions were made, each starting with a new target and eac(l;r E2). Several low-energy transitions were identified by the

Lastlntg dabout oréebwe(ka)k. 't:)f(r)'(;g eﬁCh “;Q%t”@' u '|[n tthef conversion electrons even though werays were detected.
arget decreased by abou 0, wherea ucontent of = e measured conversion electron energies, conversion co-

fche target ”!Cfeas?d almc_Jst linearly. The f|r§t fun was take@fficients, and deduced multipolarities are listed in Table I
in the direction of Increasing anglle of_d|ffract|a§decre_a3|ng together with the corresponding rays. The detection of
energy, and the second in the direction of decreasing angl(?“nultiple conversion electron lines, as is the case for transi-

OT dlff_ractlon. S'F‘CE‘ the wo runs were scanned_m .Oppos'tetions listed in Table II, allows one to place greater confi-
directions, and since the spectra were observed in five orde nce(indicated in column 3 of Table)lin their origin

of diffraction, the various energy regions were observed a 24
several different times of irradiat?/on.gl'herefore, in almost all amely**Pu decay.
cases, we were able to distinguish between peaks that were
growing and those that were not. The former, constituting the
majority, were deleted from the compilation. Primary v rays following thermal neutron capture were
Energy calibration of the measuredrays was performed measured with a three-crystal pair spectrometer located
by making a best fit to the reported values of the plutoniumdownstream of the GAMS1 spectrometer at ILL. The pair
Ka; andKa, energies, 103.7410.002 and 99.5240.002  spectrometef21] consists of a Gg.i) detector, flanked by
keV, respectively20]. Intensity calibrations were carried out two Nal(Tl) detectors for coincidence detection of 511 keV
by folding the measured intensities, corrected for burnupannihilation quanta. Several spectra were taken and com-
with previously determined instrumental efficiencies, andbined. The resulting spectrum was analyzed for peaks in the
corrected for self-absorption by a comparisomefay data interval 3600—5100 keV. Aluminum and carbon, present in
with the corresponding electron intensities of known multi-the source assembly, provided precisely known péar$
polarity. Absolute intensities were determined by assumindgor energy calibration of the spectrum. Although the Al
that we observe about 95% of the total transition strengthpeaks strongly dominated the spectrum, the Pu/Al ratio in the
populating the ground state. two targets used was different, which allowed a means of

C. Primary gamma-rays from thermal neutron capture
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TABLE |. Secondaryy rays from thermal-neutron capture f#A°Pu.

Energy? Intensity® Conf.¢ Elec. Ao Multi- Lvl. energies'
(keV) (per 100 n shell polarity® Einit— Efinal
35.7881) 0.10Q12) D

41.9721)9 0.1485) A L, 53(8) M1le2 42-0
51.3252) 0.0495) c

52.0482) 0.0546) A L, 33(6) M1E2 223-171
53.8071) 9 0.08611) A L, 17(3) M1le2 96-42
56.893) " 0.333)' B 232-175
57.8062) 0.06610) B E1? 842-784
61.3031) 0.0913) B Ly 66(10) E2 223-162
62.8122) 0.067 5) D

65.5353) 0.1647) c L, 14.021) M1 161-96
68.9042) 0.0295) B L, 11.825) M1 869-8008)
71.39G2) 0.0423) B L, 10.025) M1le2 851-779
72.5843) 0.0183) D

73.95@1) 0.0543) B Ly 21(3) E2 245-171
75.3312) 0.0346) D

79.2627) 0.0072) C L, 5.8(10) M1E2 175-96
86.7831) 0.1346) B E1? 842-755
86.96%4) 0.0234) c

95.3651) 0.0774) B E1? 851-755
95.7863) 0.0132) B L 7.6(12) E2 96-0
114.1482) 0.0975) A L, 3.1(5) E2 337-223
119.7345) 0.0324) C

126.094) " 0.072) B 301-175
133.0812) 9 01.113) A L, 1.903) M1le2 175-42
136.12720) % 0.0295) B L, 1.2221) M1E2 232-96
139.874) " 0.091) B 301-161
149.1076) 0.0355) B K 6.5(13) M1 245-96
161.685%1) 9 20.57(20) A L, 0.71(11) E2 162-0
170.94@1) 0.3787) A K 4.97) M1 171-0
175.0512) 9 0.3624) A K 3.7(6) M1le2 175-0
181.0172) 0.2507) A K 3.8(6) M1e2 223-42
185.13222) 0.0042) D K 0.083) El 940-755
187.4146) 0.0429) c K 1.95) M1E2 943-755
189.96%10) ¢ 0.0202) B K 2.95) M1E2 232-42
195.66910) 0.0385) C K 3.4(6) M1 965-769
202.91@7) 0.0397) B L, 0.347) M1E2 245-42
205.40420) " 0.082)' B 301-96
209.74%9) 0.0379) C K 0.40(16) E1E2 965—755
211.66611) 0.063198) C

222.9713) 0.1285) A K 1.94) M1E2 223-0
229.4034) 0.0956) A K 0.13022) E2 404-174
231.963) " 0.11(2) B 232-0
233.8443) 0.1214) A E1? 409-175
239.4939) 0.0555) B K 2.0(3) M1 1090-851
240.16712) 0.0405) C K 2.1(4) M1 1009-769
240.9867) 0.0544) C K 0.234) E2ml

241.38117) 0.0526) D K 0.5310) E2m1l 337-96
247.12923) 0.0638) C K 0.204) M1E2

247.5914) 0.0999) A

248.0666) 0.0766) A K 1.5025) M1le2 1090-842
277.9929) 0.06216) C

278.42@20) 0.0535) B

308.6742) 0.5038) A K 0.0335) El 404-96
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TABLE I. (Continued.

Energy? Intensity® Conf.¢ Elec. Qexp Multi- Lvl. energies'
(keV) (per 100 n shell polarity® Einit— Efinal
313.1234) 0.11Q7) B E1? 409-96
320.7467) 0.0564) B K 0.8414) M1 1090-769
359.14913) 0.04511) D K 0.06Q17) E2 534-175
362.4792) 1.27118) A K 0.0244) El 404-42
367.10176) 0.37013) B E1? 409-42
382.16415) 0.0475) C

388.165) " 0.192)’ B

402.54@30) 0.10123) C K 0.0175) El

403.26014) 0.0619) D K 0.09018) E2ml 1254-851
404.70710) 0.05468) C

405.89950) 0.05612) D K 0.05Q014) E2

408.69931) 0.0487) D K 0.3009) M1E2

429.13922)  0.0406) D K 0.09020) E2m1

439.38220) 0.0647) C K 0.06313) E2ml

439.7506) 0.1117) B K 0.0255) E1

444.6879) 0.126198) D K 0.0133) El 1224-779
464.77%57) 0.06313) D K 0.0206) El

465.6465) 0.287111) B K 0.0193) El 561-96
468.23350) 0.07115 D K 0.06Q15) E2ml

476.84Q3) 1.04446) A K 0.02Q3) E1E2 519-42
483.6626) 0.52867) A

484.5217) 0.42220) A K 0.013G21) E1 1254-769
490.6249) 0.18414) B K 0.244) M1le2 1009-519
490.9278) 0.19516) B

491.42310) 0.40923) A K 0.0264) E1E2

496.2174) 0.4899) A K 0.014G22) *El 833-337
496.2174) 0.4899) A K 0.014G22) *El 1297—800%)
501.44728) 0.12114) B K 0.0123) El

513.5049) 0.17717) B E1?

515.70132) 0.10120 C K 0.134) E2M1 1358-842
515.95231) 0.10319 C K 0.06313) E2ml

518.8104) 3.213598) A K 0.012Q18) El 519-0
519.4338) 0.52836) A K 0.04021) E1E2 561-42
520.505%23) 0.09413) D

521.10627) 0.07313 D K 0.05413) E2ml

527.25825) 0.06418) C K 0.08026) E2M1

528.19944) 0.0799) C K 0.357) EOM1

541.5946) 0.43534) A K 001322  E1l

546.47925) 0.081(10 C K 0.0144) El

549.11%9) 0.24411) B

556.1643) 2.94847) A K 0.009915) El 779-223
561.1684) 2.24851) A K 0.16024) M1le2 784-223
561.43720) 0.36519 B K 0.0388) E2ml 561-0
566.0574) 1.16844) A K 0.009G13  E1 811-245
572.8639) 0.13412) A K 0.0226) El 615-42
575.08420) 0.200198) B K 0.06812) E2M1

576.68184) 0.04512) C K 0.196) M1

577.5614) 1.138393) A K 0.13021) M1E2

584.43112) 0.19125) B

586.70316) 0.097110 B K 0.183) M1 832-245
587.95324) 0.09910) C 811-223
593.4884) 2.69537) A K 0.14021) M1e2 755-162
598.3286) 2.51239) A K 0.008412) El 769-171
598.83@24) 0.13315) D K 0.08015) E2M1
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TABLE I. (Continued.

Energy? Intensity® Conf.¢ Elec. Qexp Multi- Lvl. energies'

(keV) (per 100 n shell polarity® Einit— Efinal

602.53@30) 0.22545) C K 0.133) M1E2 1358-755
605.5467) 0.51811) A K 0.013@22 El

607.58@5) 1.57038) A K 0.009G13) El 769-162
608.2299) 0.43716) B E1? 779-171
608.60810) 0.37912 B K 0.12019 M1E2 832-223
617.4575) 2.17133 A K 0.010G25) El 779-162
618.95082)  0.05113) D

622.46414) 0.19012 B K 0.11919 M1E2 784-162
624.01%39) 0.07910) C K 0.10620) M1E2

627.5525) 1.33525) A K 0.011@17) El 851-223
629.5396) 1.49230) A K 0.10716) M1E2 800(%)—171
634.19323  0.1729) B K 0.09815) M1E2

638.7575) 1.07925) A K 0.09715) M1E2 800(2)-162
640.0016) 1.10337) A K 0.008@13) E1l 811-171
642.253) 0.06723) c K 0.114) M1E2

652.388) 0.11%11) c K 0.0194) E2

656.035%23) 0.14113) D K 0.04Q7) E2M1

660.62513) 0.59328) A K 0.094615) M1E2 832-171
663.37431) 0.077171) D K 0.0303) E2ml

671.0079) 0.30314) B K 0.008@15) El 842-171
680.27416) 0.37610) B K 0.0114) E1l 842-162
688.85114) 0.67824) A K 0.006@10) E1l 851-162
698.66124)  0.1438) B K 0.0254) E2

704.7G14) 0.09325) c K 0.0165) E2 800(%)—96

708.016) 0.13823) c K 0.05011) E2M1 869-161
726.56222)  0.1808) B K 0.0173) E2 898-171
737.92220) 0.21914) B K 0.07q13) M1E2

742.25@9) 1.08842) A K 0.0498) E2M1

749.675) 0.24025) c K 0.0164) E2

750.194) 0.31333 c K 0.05310) M1E2

751.166) 0.12522) C K 0.0225) E2

751.926) 0.12622) C K 0.05512) M1E2

755.15414) 0.58045) A K 0.0183) E2 755-0
758.49415  0.37723) A K 0.008416)  *E1E2 800()—42

758.49415  0.37723) A K 0.008416)  *ELE2 800(3)—42

760.138) 0.08421) C K 0.11(3) EOM1

765.233) 0.21216) B K 0.009@19) E2 940-175
771.644) 0.16283) C K 0.03519) E2M1 943-171
772.645%21) 0.48845) B K 0.003@6) El 996-223
773.594) 0.19721) B K 0.04Q98) E2M1 869-96
777.895) 0.13213 C K 0.05Q09) M1E2 1297-519
780.889 8) 1.90432) A K 0.0619) M1E2 943-162
784.15316) 0.51816) A K 0.0173) E2 784-0
786.45416) 0.493) C 1009-223
789.634) 0.21823) B K 0.05911) M1E2 832-42
793.955) 1.08383) B 965-171
794.275) 1.12681) B K 0.0498) M1E2

800.46111) 0.74225) A K 0.0447) *M1E2 800(3)—0

800.46111)  0.74225) A K 0.0447) *M1E2 800(3)0

803.265%19) 0.58316) A K 0.00396) El 965-162
811.98719) 0.48023) B K 0.0356) E2M1

833.90413) 0.807128) B K 0.005@9) El 996-162
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TABLE I. (Continued.

Energy? Intensity® Conf.© Elec. Qexp Multi- Lvl. energies'
(keV) (per 100 n shell polarity® Einit— Efinal
834.83717) 0.51226) B K 0.0406) M1E2 835-0
838.64622) 0.44924) B K 0.015@26) E2

844.20020) 0.30649) C K 0.0286) E2M1

845.0715) 0.21523 C K 0.004G11) El

848.126) 0.17222) c

853.316) 0.10612) C K 0.0337) E2M1

876.58(10) 0.28294) C K 0.0083) E1E2

892.93418) 0.41921) A K 0.0589) M1

931.66720) 0.74139) B K 0.0284) E2M1

940.315%12) 2.21184) B K 0.0274) E2M1 940-0
941.123) 1.22853) D K 0.009@14) E2

942.584) 0.49255) D K 0.004a8) El 943-0
953.2G4) 0.72846) B K 0.010G21)  E2

958.3011) 0.16933) C K 0.008@24) E2

965.0712) 0.14736) D

967.4613) 0.191(34) D

973.7q10) 0.5511) B K 0.0133) E2ml

999.3715) 0.17524) C K 0.5812) EOM1

100.3259) 0.33831) C K 0.010@18) E2

100.62113) 0.4715) C K 0.004@14) El

100.69512) 0.5715) c E1?

100.93010) 0.31(11) c E1?

102.0396) 0.28163) C K 0.007@19) E2E1

102.295%7) 0.28035) C K 0.010G21) E2

102.5987) 0.28836) C K 0.004@12) El

103.475%18) 0.26332) B K 0.004@10) El

103.72610) 0.26842) C E1?

103.98913) 0.19140 C K 0.0318) M1E2

104.50Q6) 0.36266) B K 0.00615) E2E1

1052.92728)  0.82438) A K 0.00264) E1 1224-171
1060.6415) 0.20636) C K 0.006@15) E2E1

1062.314) 0.81(11) B K 0.00316) El

1064.2811) 0.21133 C K 0.0235) M1E2

1073.0Q10) 0.37650) C K 0.006@14) E2E1

1074.4411) 0.45550) C

1078.15%7) 0.32567) B

1082.8@4) 0.62334) A K 0.002%4) E1l 1254-171
1089.944) 1.06482) A K 0.00254) E1

1092.085) 0.88554) A K 0.003@5) El 1254-162
1134.44%76) 0.527135) B K 0.00298) El

1146.49378) 0.44434) B K 0.005610) E1E2

1155.25895) 0.38831) B K 0.00398) E1E2

1170.01956) 0.63337) B K 0.010516) M1E2

1174.0Q15) 0.23342) C

1177.83%98) 0.39533) C

1180.63771) 0.59860) B K 0.009717) M1E2

1196.3120) 0.60052) c K 0.00377) E1E2

1200.8711) 0.419498) C K 0.012G23) M1E2

1203.34877) 0.539498) C K 0.0035%6) El

1206.57351) 1.34269) B K 0.010316) M1

1214.6512) 0.47835) C K 0.00397) E1E2

1228.0219) 0.35767) D K 0.003910) E1E2

1235.28280)  0.57351) c K 0010419  M1E2

1255.3211) 0.63742) c K 0.023) M1E2
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TABLE I. (Continued.

Energy? Intensity® Conf.© Elec. Qexp Multi- Lvl. energies'
(keV) (per 100 n shell polarity® Einit— Efinal
1266.1411) 0.60470) B K 0.00224) El

1267.95195) 0.8511) B K 0.00316) El

1276.7112) 0.5710 D

1301.q14) 0.48990) C

1303.4634) 0.30353) C K 0.00329) E1E2

1315.59454) 0.95643) B K 0.004@6) E1E2

1332.3@15) 0.85282) C K 0.00173) El

1352.6410) 0.6314) B K 0.007620) M1E2

1378.5222) 0.26536) D K 0.006@14) E2M1

1393.49498) 0.77445) B K 0.014G22) M1E2

1423.8920) 0.5911) D

1491.3511) 0.80(13 B K 0.009G19) M1E2

1502.8428) 0.48395) c K 0.00287) E1E2

1512.3813) 0.70466) B K 0.00143) El

&The y-rays were measured with the GAMS1 and GAMS2/3 spectrometers, unless otherwise noted; see
footnote h. Uncertainties in the last digits are given in parentheses.

b ijsted are absolute-ray intensities obtained from the total intensity populating the ground state.

‘Indication of confidence for transitions. A: well established; B: probable; C: possible; D: tentative.

disted are experimental conversion coefficients for the specific electron shells given in the preceding col-

umn.

®Multipolarities have been deduced from conversion coefficient daftE2 denotes a mixture with-50%
M1 character and>20% E2 characterM1e2 denotes a mixture with<20% E2 character, etcE1E2

indicates an experimental conversion coefficient that does not permit choosing between these alternatives.
E1? indicates a transition where no conversion electrons have been detected and the photon intensity is
sufficiently great to allow the deduction &1 character. An asterisk denotes multiple placement of the
transition in the decay scheme.

fListed are level energig@n keV) of the initial and final states connected by the transition whose energy is
given in column 1.

9y ray also detected iR**Cm a-decayy spectrum.
hy ray observed only irf43Cm a-decayy spectrum.
'The listed intensity for this photon is given relativeltgs= 100 (arbitrary unit$ in 2**Cm a decay.

IThe intensity of this 136.127-keV photon in the, ¢) spectrum is too large, relative to that of the 189.965-
keV line, as compared with their relative intensities measured irtf@m « decay. Apparently this dis-
crepancy is due to interference from a fission-producay. The energy of the 136-keV transition has been
derived from conversion-electron data.

directly identifying 2*Pu peaks. They rays attributed to

primary transitions following thermal neutron capture are

listed in Table Il

D. Gamma rays from ?**Cm « decay

A 0.3-mg sample of isotopically puré**Cm (that was
chemically separated from a large quantity GfCf) was
used as a source in the measurement atithecayy rays. A
conventional Gé.i) detector and pulse-height analyZpha
combination was used to record the spectrum. Six lowaccelerator. The emitted protons and tritons were momentum
energy y rays that had also been detected in the thermainalyzed with an Enge split-pole magnetic spectrometer.
neutron €, y) spectrumthose labeled with a superscript g in Emulsion plates placed at the focal plane of the spectrometer
Table ) served to calibrate the @d)-pha system. Several served to detect the charged particles. Both the proton and
additional y rays were detected in th&°Cm spectrum and triton spectra had resolutioffull width at half maximum
are also listed in Table(see those entries labeled with h and (FWHM)] of 7.0 keV. The @,p) and d,t) spectra were

i). We do not find evidence foy rays with energies 165.3, measured at 90°,

185.8, and 210.6 keV that were reported previolisly

E. (d,p) and (d,t) reaction measurements

Previously, Braidet al. [11] studied >**Pu level structure
by means of neutron transfer reactions. Their data show a
concentration of levels in the 700—1000 keV region. In order
to better resolve the peaks in this region and to obtain more
precise energies and cross sections for these levels, we have
repeated the measurements with higher resolution than be-
fore. Thin targets of*Pu and?*%Pu were prepared with an
electromagnetic isotope separator on @4@/cn? carbon
backing. These targets were bombarded with 12.0-MeV deu-
teron beams from the Argonne FN tandem Van de Graaff

120°, and 150°. Strong peaks were ob-
served at all angles but the proton spectrum at 90° and the
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TABLE II. Conversion-electron subshell intensity ratios for transitiong4#Pu. For a given transition,
the entries on the first line are experimental values with uncertainties on the last digits given in parentheses
and the entries on the second line are theoretical values for the multipolarity mixture given in the last column.

E, L/K L L, Ly M, /L, 2 M, M, My Multipolarity °
41.972 100 4@ 26(1) 0.231) 100  452)  26(1)
100 41 26 0.24 100 45 31 M1+ 4%E2
52.048 100  14®) 1044) 0.231) 100  1516) 131(6)
100 138 106 0.24 100 153 122 M1+21%E2
53.807 100  3()  18.15) 0.21(1)
100 30 16.6  0.24 M1+ 4%E2
61.303 4.12) 100 763)  0.261) M, /L, 100 813)
3.9 100 79 0.27 100 81 E2
68.904 100 156 0.26(1) 100  294)
100 157 0.24 100 17 M1+ 1.5%E2
71.390 0.211) 100  17.528)
0.24 100 175 M1+ 20%E2
73.950 100 767 0.272) M, /L, 100 767)
100 76 0.27 100 76 E2
95.786 100 7@)  0.171) M, /L,
100 67 0.28 E2
114.148 6.86) 100 682) 0.331) M, /L,
6.2 100 62 0.29 E2
133.081 100  18(%) 21.66) 0.221) 100  19.512)
100 178 241 024 100  19.9 M1+ 6%E2
149.107 100 110)
100 115 M1+ 0.4%E2
161.685 0.36l) 10.03) 100 582) 0.301) M, /L, 12.46) 100 572)
043 10.0 100 53 0.27 10.7 100 56 E2
170.940 0.181) 100  10.63) 0.221) 100  13.6)
0.18 100 112 0.24 100 125 M1
175.051 0.18l) 100  16.46) 0.251)
0.18 100 16.4 0.24 M1+ 7%E2
181.017 0.181) 100  15.610) 0.241) 100  12.214)
0.18 100 156 0.24 100 174 M1+ 6%E2
189.965 0.161) 100  38§5) 0.247)
0.18 100 38 0.24 M1+31%E2
202.911 0.101) 100 382 0.21(2)
0.18 100 38 0.24 M1+ 34%E2
222.971 0.17) 100  312)  9.18) 0.204) M, /L, 100 11G24)
0.18 100 31 9.5 0.24 100 32 M1+30%E2
248.066 0.171) 100  16.712) 0.231)
0.18 100 16.7 0.24 M1+ 12%E2

&The subshell ratios listed in this column avg /L, unless an entry follows the ratio indicating otherwise.
Bt is understood that the percentage mix for the two components listed Melgr,4%E2, sums to 100%.

triton spectrum at 150° provided the best results. The leveln,y) data. The ratio of ¢,p) cross section to that of the
energies, averaged from all spectra, and proton cross sectiof@,t) cross section provided information on the particle or
at 90° and triton cross sections at 150° are listed in Table IVhole character of the state being populated. The results of the
Only statistical uncertainties are given in the table. The unpresent work are in good agreement with previous measure-
certainties of the absolute cross sections are estimated to beents. In the §,p) spectrum, weakly populated states at
~20%. Ratios of cross sections at 90° and 150° provided220, 1257, 1275, 1288, 1297, 1308, 1356, 1450, 1495,
information about the” transfer in the reactions. These were 1742, and 1805 keV were observed at 120° and 150°. Levels
found to be consistent with the assignments made from that these energies have also been reported by Etaad
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TABLE lIl. Primary vy rays from thermal neutron capture #°Pu.

E,? (keV) Ey (keV) , (rel)® E,? (keV) Ey (keV) l, (rel)®
5079.8@2) 161.722) 2.7614) 3987.742) 1253.802) 6.4(3)
5071.810) 169.110) 0.5824) 3972.685) 1268.863) 0.54(3)
4486.1919) 755.3419) 0.485) 3944.814) 1296.732) 12.717)
4472.294) 769.244) 3.7(3) 3925.3010) 1316.2410) 0.9006)
4457 .423) 784.113) 2.3413) 3889.9420) 1351.6@20) 1.94)
4441.129) 800.419) 0.533) 3883.894) 1357.6%2) 13.07)
4399.5410) 841.9910) 2.1215 3878.718) 1362.838) 2.1214)
4390.973) 850.563) 5.424) 3769.4612) 1472.0812) 0.5812)
4301.2%5) 940.285) 2.7(3) 3763.3613) 1478.1813) 0.595)
4298.9%6) 942.586) 2.50128) 3740.2221) 1501.3221) 0.64(8)
4276.612) 964.922) 6.1(3) 3736.3319) 1505.2119) 0.748)
4245.844) 995.694) 2.3914) 3727.5710) 1513.9710) 1.4911)
4232.045) 1009.495) 1.6510) 3717.815) 1523.734) 4.6727)
4151.532) 1090.0Q2) 6.6(3) 3710.6320) 1530.9120) 1.95)
4017.806) 1223.746) 3.1923) 3630.523) 1611.023) 2.46)

8Energy not corrected for recoil.
bRelative intensities are given in arbitrary units.

. RESULTS states with relatively pur&k quantum numbers and when
A. The level scheme of¥Pu |Ki—_ Ki<sL=s(K;+Kj). Thus,_ we have not used this _ru_le as
o a primary method for determining values kfor I, but it is
The thermal neutrons |nC|dgnt24on2é°Pu target undergo  cited in those instances where the observed branching ratios
s-wave capture into & state in 1Pl,J- In they-ray cas-  ghow good agreement with expected values.
cades that follow, levels with low spin are populated with — gaseq on the present experimental data, 102 transitions
R o rW(Ialccounting for 64% of the observed transition intensity
sitivity is expected to be sufficient to detect most levels fromWere placed in a level scheme consisting of 54 levels. Al

I =1to | =2 and some of spi§ by combinations of second- . 4 . : .
ary transitions. Primary transitions, which are predominantlyIevels assigned t5*'Pu are listed in Table V, along with a

of dipole character, populate medium and low-lylng and summary of the gvifjence for their e.xistence. The level ener-
3 levels. Since thermal capture M%u is dominated by a gies and gncertalntles_were determined by a least-squares fit
single resonancg23], the primary intensities are governed of all ass'gnw trans.|t|0n daf@5] taken from the prese'nlt
by Porter-Thomas fluctuations. Thus, some levels with ap(n,y) studies. Als_o listed are the to_tal observed transition
propriate spin and parity may not be populated with suffi-Stréngths populating and depopulating each level. Model-
cient strength to appear in the primary spectrum. independent spin/parity assignments are included. Configu-
The first step in interpreting the present data was the coration assignments are given for most levels, along with an
struction of a model-independent level scheme, based on ttssessment of the authors’ confidence in that assignment.
following principles:(a) the assumption that the existence of Depopulating transitions assigned to rotational bands are
certain levels in the low-lying bands, those with energiesshown in Fig. 1.
between 0 and 301 keV, has been well established previ- In comparing with the previously measured secondgary
ously; (b) the use of the highly precise energies of secondaryransitions in?*Pu from thermal capturl4], we agree with
v rays to derive level energies based on the Ritz combinatiod6 of the previous placements and we reject 6 placements
principle; (c) the identification of levels populated by pri- because they rays do not appear in our spectra. The low-
mary transitions from the capture state) the independent energy level structure cfU is very similar to that of*!Pu.
confirmation of levels fromx- and B-particle spectrag- and ~ Of the 33 transitions placed by Bweret al.[1] in the level
B-decay y rays, single-nucleon transfer reactions, inelasticscheme of?*U in order to define its level structure below
deuteron scattering, and resonance neutron capteréhe 900 keV, we observe all of the correspondipgransitions in
use of the multipolarity data to specify or at least limit pos- 24*Pu, with 3 exceptions. In addition, we place another 36
sible spin and parity assignments. Some application of théransitions that depopulate these same levels.
Alaga branching rulef24] has been made in confirming con-  With the inclusion of primary transitions in the level fit,
figuration assignments. These rules state that the ratio of reve determined a neutron binding energy of 52418203
duced transition probabilities fog-ray transitions of one keV for **!Pu. The major source of uncertainty is due to the
multipolarity from a given state to any two members of asystematic error in the Al rays used to calibrate the pri-
rotational band is independent of the intrinsic matrix ele-mary spectrum. This value is consistent with the value
ments and depends only on the ratio of two squared Clebscl»241.3-0.7 keV derived from experimental systematics by
Gordan coefficients. This branching rule is valid only for Wapstra and Bo§26].



TABLE IV. Experimental differential cross sections for ti&Pu(d, p)2*%Pu and?*2Pu(d,t)?*’Pu reac-
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tions.

da/dQ 2 do/dQ ®
Elevel (d,p) (d,t) Assigned Elevel (d,p) (d,t) (*He,a)
(keV) (ublsr) (ublsr) config. (keV)
0 395) 47(5) 5+51627] 0 w m
422) 62 1+5622] 43(2) w
96(1) 131(9) 214(10) 9+51627] 94(1) m s s
162(1) 38(5) 82(6) 1+1163g] 161(2) w m
171(2) 78(7) 24811) 3+ 11637 1702) m Vs m
221(3) 11(3) g*%[63ﬂ
231(2) 38(5) 22(4) $+11624) 23002) w w
244(2) 13(3) 43(5) 1+ 11631 2422) w w m
301(2) 12(3) L4764 300(3) w W m
3371 34(5) 1188) 9+ 11637 33502) w m s
3732) 143) Lrir63y) 3684) w w
385(3) 6(2) L+7 1604
4482) 20(3) U-71743 445(4) ww w w
5052) 173+ %[631] 4993) w
5712 47(5) 1?5 - %[ 743 571(3) w w Vs
755(1) 237(11) 18(3) L1+ 1rgoq) 7523) s w
770(1) 131(8) 1-11761 77003) m
780(1) 1489) 30(4) $-1r767] 777(4) s W
801(1) 228(11) 17(3) 3431631 80012) Vs W
801(1) 228(11) 17(3) 5+11620] 8002) Vs W
810(1) 1309) 39(5) 5-1r761] 807(3) m
831(1) 201(11) 145(8) 5+3[631 8333) s m s
831(1) 201(11) 1458) I-11761] 8333) s m s
842(1) 176(10) 1549) 17[620]®0~ 844(3) m s
8521) 93(12) 50(5) 3-[620]®0"
8632) 41(5) 864(3) m m
877(2) 26(4) 1+3[631] 875(3) m
898(2) 93(7) 25(4) g + %[620] 897(4) m w
91812) 99(8) £7[6201@0~ 918(3) m w
9322) 76(6) s
937(2) 97(8) 9+ 31631 936(3) m m
950(3) 32(5) 948(5) w w
965(1) 248(11) 1-1150q) 967(3) m s
9742) 100(8) 967(3) m s
996(2) 56(6) 56(5) $-1150q) 995(3) w w m
996(2) 56(6) 56(5) U+3ra3q 995(3) w w m
10082 1378) 10093) m
10203) 52(6) 10163) m
10623) 46(5) 106503) w w
10843) 52(6)
109003) 1589) 10933) m m
11183) 32(4) 1121(3) w
11783) 1097) 11793) s s
12063) 48(5) 126(8) 12064) w m
12443) ~36 12424) w
13473) 41(5) 13444) w

1121
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TABLE IV. (Continued.

do/dQ @ do/dQ ®
Eevel (d.p) (dt) Assigned Eevel (d,p) (d,t) (*He,)
(keV) (ubfsr) (ublsr) config. (keV)
13843) 78(7) 1381(4) S
13906) 62(6) 13963) w
1471(3) 30(4) 14743) w
17623) 147(10) 17593) s w

#Present measurements;=12.0 MeV (both measurementsd(d,p) =90°, #(d,t)=150°.
®Data taken from previous measuremeits,17. Approximate cross-section magnitudes: very weak, weak,
medium, strong, very strong. FotHe,«), indication is of spectroscopic strength.

B. Assignment of Nilsson single-particle states characteristics, i.e., level spacings and population in single-
to rotational bands particle transfer reactions, and has also been assigned to the

5+ i
1. Level structure from model calculations > [622] orbital.

and experimental comparisons
P P 3. The 1#[631] band: 162, 171, 223, 245, 335, 371, and 502 keV

The arrangement of experimental levels into rotational . o .
. : . The energies of the three lowest levels in this band, which
bands and their assignment to Nilsson quantum states was :
. : : . , . __Nave been measured in the present work, agree very well
guided in part by comparison with average-field theoretica

lculati 271 and i b _ ith studi ; ith those from previous studigd—13]. We derive rota-
calculations|27] and in part by comparison with studies of parametersA=6.747 keV anda=—0.543, from these
neighboring nuclei. In particular, the structure U [1]

24 . - " . energies. A new observation is the detection of a22keV
and **Cm 28], each of which differs fronf*'Pu by a single  |eyel in the d,t) spectrum. Our thermaln(y) transition

proton pair, would be expected to show a comparable bangata gefine more precisely the energy of kel band mem-
structure. Of these, the experimental data currently availablger E=244.883-0.001 keV; this level was observed previ-
for 2% provide a more detailed and more precise leveloysly in transfer reaction data. No evidence has been found
scheme. for a previously assigned, singleray transition that defined
Many Nilsson model calculations of structures for de-the energy of this level as 242.7 k¢¥4]. Evidence for all of
formed nuclei have been carried out using the traditionathe higher spin members of this band comes from transfer-
harmonic-oscillator form of the average nuclear potentialreaction studies. The previously assigned$ level at
On the other hand, it has been found that use of a finit835+2 keV agrees with the present data. We find lthe’
potential with a diffuse edgéSaxon-Woodsproduces good member of the band, calculated to occur at 373.5 keV, to be
agreement with experimental results, particularly in the acbest fit by a level at 374 3keV that has been detected in the

tinide region, e.g., see Chasmanal. [29]. We have found  (d,t) spectrum and was previously assigned5455[624].
the work published by Gareest al. [27] provides the best The presently derived rotational parameters suggest the
correspondence with experimental results in the odd-mas® member of this: *[631] band should occur at 510 keV
actinides. They calculated excitation energies and configurayhich raises some questions about the previous assignment
tions assuming a Saxon-Woods potential and including pairgf 5 |evel at 4993 keV observed in the’He,«) spectrum
ing correlations and quasiparticle-phonon interactions. [9]. A new observation is a level at 582 keV in the @,t)

In the following subsections, we will first discuss assign-spectrum. Perhaps both observations are ofl thé? level,
ment of the levels that constitute rotational bands*tfPu  one whose energy is still not well defined. A rotational band
and assignment of each band to specific orbitals. These reyith similar characteristics occurs at 134 keV ##U and

sults are summarized in Table V and Fig. 2. Secondly, Wea5 also been assigned to the[ 631] orbital.
will compare our experimental findings with theoretical cal-

culations in the last subsection. These results are summarized 4. The 1*[624] band: 175, 232, 301, and 385 keV

in Table VI. . i o .
This configuration is populated in the favoreddecay of

24%Ccm. Studies of*°Cm decay have defined the three lowest
levels in the band1—4]. Our thermal f,y) measurements
The ground state band 8f'Pu is assigned the configura- provide precise energies for the two lowest levels. In these
tion 3 7[622] based upon a measured spirs 2 (paramag- measurements, we did not detect theransitions seen in
netic resonange and a measured magnetic momési. 24Cm « decay to be depopulating te= & band member at
Level energies measured in the present work generally agre301 keV, probably because high-spin levels are populated so
with those from previous studigd—11]. The lowest four sparingly in cascades originating from &fi=3"* capture
levels in this band are defined by data frgmy)-, (d,p)-, state. Taking into account the trend of a slightly decreasing
(d,t)-, and EHe,a)-reaction studies, while the=% mem-  rotational parameter with increasing spin, we calculate the
ber at 235-4 keV has been observed only in thiHe,«) I =% band member to occur at 382 keV and assign a 385
spectrum[9]. The ground state band iff®U shows similar =+ 3-keV level, newly observed in thal(t) spectrum, to this

2. The ground state bane}*[622]:0, 42, 96, 161, and 235 keV
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TABLE V. Summary of evidence for excited levels #i'Pu, including level energies, spin, parity, and
Nilsson configuration assignments.

Adopted energy, spii Total trans? Other exptl. observatiors Nilsson
Ey (keV) IT 17 Ms. In Out Prim.y Cf. assign.
0.0 5+ 3¢ 95.0 dp dt af A 5*[622]
41.9721) i+ I+ ny 10.7 16.6 dt a A 571622
95.78q1) 3" 3 ny 28 43 dp dt he a A 2+1622]
161.3183) 3+ i) ny 04 03 dp dt ha o B 371622
2354) B+ tr ha B 2+1622]
161.6861) 3 1+ ny 274 605 16172 rc dp dt ha a A 1+1631]
170.94Q1) 3+ 2+ ny 200 27 169.710 dp dt ha A 1+1631]
222.9881) 3* 3+ ny 16.3 225 dt A 1+1631]
244.8891) L1+ I+ ny 12 57 dp dt ha A 1+1631]
337.1362) 2+ 3° ny 05 1.0 dp dt ha B 1+1631]
3732) U+ tr dp dt B 141631
5052) 3+ tr dt ha C 141631
175.0521) %+ I+ ny 05 39 aB A 111624
231.9348) 3 () ny 0.4 dp dt B $7[624)
301.17616) i+ @ dp dt ha a B 271624
385(3) B+ a dt a C 271624
404.4531) 3~ (1.9~ ny 1.8 B A 171743
408.8992) 7~ (1.9~ ny 0.3 B $7[743
4482) u- tr dp dt ha C 171743
571(2) - tr dp dt ha C 271743
518.8122) 3~ (5 ny 04 41 dd” B8 A 2[622]00
561.4214) = (1.9~ ny 1.2 dd” B8 A 1[622®0”
614.8369) 5~ (319~ ny 0.1 dd’ C 3[622®0"
755.1742) 1+ it ny 05 37 755349 rc dp dt A 1+1620]
784.1522) 3+ 3+ ny 01 3.0 784.10) A 171620]
800.4785) 3* (25+ ny 05 29 dp dt A 171620]
869.3796) 4+ 1 ny 1.0 C 37[620]
8982) 9+ tr dp dt c 1+1620]
769.2683) 3 (13- ny 10 40 769.24) rc dt A 11761
779.1502) 3- 3~ ny 11 54 rc dp dt A 1-1761
810.94%3) 3~ 3~ ny 2.3 dp dt A 1-1761
833.3534) - (19 iy~ ny 0.5 dp dt ha B 37[761]
937(2) u- tr dp dt B 1-[761]
800.4525) 3+ 3+ ny 05 22 80040 rc dp dt A 31631
8315887) 3° (25+ ny 1.3 dp dt ha A 241631
8772 I+ tr dp ha D 3+1631]
937(2) o+ tr dp dt ha C 3+1631]
996(2) U+ tr dp dt ha C 31631
841.95712) 3~ (13- ny 03 08 841900 dp dt A 3[620]©0
850.5402) 3~ $- ny 03 21 85058) rc dp dt A 3[620]©0~
89750822 5~ (125 ny 0.2 dp dt C 3[620/®0"
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TABLE V. (Continued.

Adopted energy, spif Total trans? Other exptl. observatiors Nilsson
En (keV) 17 137 Ms. In Out  Prim.y Cf. assign.
91802) I- tr dp dt C 3[620]®0~
964.9286) 3~ (13- ny 1.9 964921 rc dp dt A 1-1501]
995.61011) 32— 2- ny 1.3 995684 rc dp dt ha B 37[501]
834.83917) 3,55y ny 0.5 ha C
940.3099) (2 ny 24  940.285) rc A
942.5845) (%,%)* ny 2.8 942.58) rc A
1009.4387) %‘ ny 0.9 1009.4%5) dt A
1090.0224) (%,%)’ ny 0.5 1090.001) rc dt ha A
1223.8399) .3 ny 0.9  1223.746) dp B
1253.7906) (%,%)_ ny 1.9 1253.801) dp A
1268.85%23) (3,3 ny 1268.862) dp B
1296.6716) 3- ny 0.6  1296.781) dp B
1357.663815) (%, g ny 0.1 1357.651) A
5241.5707) %’ng) ny A

8adopted level energies are the best values derived from the experimental evidence summarized in this table.
The energy listed in column 1 was measured using the technique shown in abbreviated form in the Ms.
column(tr refers to single-nucleon transfer reaction spectroscofiye levels appear in sequence according

to their assignments in rotational bands. The column labEldts adopted spin and parity values derived

from the Nilsson configurations listed in the last column of this table. The column labElésts model-
independent spin-parity assignments made assuming that multipolarities of secondary transitions have either
been measured or are limited El, M1, or E2 assignments. Parentheses enclose a range of poksible
values; they do not indicate uncertainty.

®Column lists total transition strength populating and depopulating a given level in units of transitions per
100 neutron captures. The intensities of primarsays populating these levels are not included due to lack

of an absolute calibration.

‘Estimated confidence in the evidence for a level's configuration assignment is given in the column labeled
Cf.: A denotes well established, B probable, C plausible.

band. This level has already been observed indh#gecay question of spin assignments poses some problems. Both lev-
spectrum with an intensity that indicates a hindrance factoels decay identically, each with three transitions that feed the
of =980. This degree of hindrance is within an acceptablesame levels. For either level, the two transitions with higher
range for thd =% member of &K = £ band being populated energies feed the= and$ levels of the ground-state band
by favoreda decay. There is reasonably good agreemens+[go3)). These transitions from the 404-keV level are
between experiment _and Alaga rulﬁé_y_l] for the brancrllgg quite intense, which suggests this level is a bandhead and
ratios of the mostly dipoleNl1) transitions between thg : o

; may be accumulating transition strength from other members
bandhead and members of thé[ 622] band. The rotational . )

of the band or from related bands. Nevertheless, if we assign

band assigned to the"[624] orbital in 23U is found at 169 _ _ :
keV. a £~ 1[743] configuration to this level, Alaga rul¢84] sug-

gest that the majority of the transition strength to the ground
state band75% of the reduced strengtshould feed thd

~ =3 bandhead, whereas this transition has not been detected
Levels at 4443 and 562 3 keV that were detected in i the GAMS spectrum. An attractive explanation for this

smgl_e-pamcle tra?lsfer rel?ctlorﬁﬂ;l,lﬂ have be_en a53|gne_d observation is that the configuration of the 404-keV level is
previously to the3z and 3 members, respectively, of this _, o .
band. We detect negative-parity levels at 40446301 2 .5[743], and.th.at the Coriolis interaction has so depressed
and 408.892:0.002 keV that we assign to tHe=2 and I this level that it lies below thé= 4 member of the band at
members, respectively, of the band. The compressed natufé®9 keV. In this case, the transition 404-keV level to ground,
of the rotational spacings observed here is understood to piould be ofM2 multipolarity which wouldnot be expected
the consequence of strong Coriolis mixing with levels in ato compete with the observesl transitions to higher-lying
27[734] band that apparently lies just above tK&=1" levels. At the same time, we are left with a comparable ques-
band. For the two close-lying levels at 404 and 409 keV, thdion about the 409-keV level, namely, where is the expected

5. The 5~[743] band: 409§), 4048), 446(), and 5708 keV
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FIG. 1. Levels in?*'Pu assigned to rotational bands with Nilsson-configuration assignments and depopuleingransitions. Mea-
suredy-ray energiegin keV) and multipolarities are shown. The notation of the multipolarities is explained in footnote e, Table I.

transition that feeds the ground state ¥fPu? While its 777 keV. Although strong peaks in thd,p) spectra appear
absence is as perplexing as for the 404-keV level, the trar@t these energies, assignment of this level cannot be made
sitions depopulating this higher level are much less intenseith any certainty. The unobservéd 3[734] level is calcu-

and, hence, the ground-state transition may be more readilgted to occur at 500 keV.

missed in our experiment. We know from the expected

strength of the interaction between thg743] and 3[ 734] 6. The 37[622]20~ octupole vibration band: 519, 561,

configurations that these two close-lying levels at 400 keV and 615 keV
9

cannot both have™=3; |f_th|s were the case, we would The three states indicated have been previously observed
expect an energy separation of 80100 keV between themi‘n (d,d") reactiond11]. The lower two levels are known to

A Coriolis mixing calculation, summarized in Table VII, - o4 - o )
reproduces the present experimental level energies in tl{ae populated i”*'Np 4~ decay[5-7]; they decay vieE1

i . L : X Fansitions to levels in the ground-state band. These data sup-
7

]?O”[TT:;’] bba?i?s\tlvgrtl)t%?rﬁg pr\?:l'j;n'f;ht'ﬁgalgrj;gg? %V\é?zsjper- port the assignment of octupole vibrational character to this
—578 ke(/ and the inte%action matrix elepmefht 9:2’ 74 band[11]. The presence of low-lying octupole bands based

' o o _ 3. O on the 27[622] and 3 "[631] bands has been consistently
keV, from a fitting of levels in***Cm in both the; [743]  demonstrated in the actinidf80]. In the presentr(, y) mea-
and the3 ~[734] bands. These parameter values also producgyrements, we might expect to find evidence for all three of
a good fit to the three level energies assigned to;t&743]  these levels. While we are able to precisely define the ener-
orbital in 2, beginning at 293 keV. gies of the lower two levels by their de-excitifigl transi-

Our initial miXing calculation of levels ir?41PU was made tions, Simp|e7_ray combinations do not appear in the data
assuming fixed values of the parameters, the same as fourgk the level at 626:10 keV. We derive a rotational param-
to produce good fits ir"**Cm and . This calculation  eter of 6.082:0.001 keV from the observe= to 3 level
(**Pu 1 in Table VI) produced calculated energies for the spacing. This suggests the £ level should occur at-616.2
| = 135 levels in the two bands under discussion at 590 and 74Kev We postu'ate this level decays to the 42_k§v level
keV. For either level, one should expect to see strong peak§y the emission of arEl y transition at 572.8630.009
in the (d,p) spectrum since much of the single-particle kev. Transitions from this level, now placed at 614.8 keV, to
strength of these configurations resides in the7’ level.  the $ and £ levels in the ground-state band have not been
The lower of this pair has previously been assigned appserved. Of these, the transition to théevel may be ob-
570+2 keV from transfer reaction data. A satisfactory fit to scured by two somewhat more intense transitions at 518.810
all of the assigned levels in the [743] band(case I) was  and 519.433 keV. Based on this limited evidence, we tenta-
accomplished by allowing the rotational and mixing param-ively assign an energy of 614.836.009 keV to this level.
eters to vary. In further calculatiorisases Il and IV, we  y_ray branching ratios for transitions between the two lowest
show that reasonable fits may be made to the experimentgdyels in this band and members of thé[ 622] ground-state
data assuming th& ~2[734] level occurs at either 800 or band agree very well with expected values according to
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FIG. 1 (Continued.

Alaga rules[24]. An | =327[622] level at 539 keV has been tence of this doublet was postulated in previous work
identified as the bandhead for this configuratiorf{U; en-  [11,14. Another new level from the present work that can be

ergies of additional band members are not known. added to this band is the=3 member at 869.3790.006
keV.
7. The 3*[620] band: 755, 784, 800, 869, and 898 keV The five levels listed above define the § to 2 members

1+ i i
The basic structure of this rotational band has been previc-)]c the ; "[620] band. These experimental level energies are

. o . . all precisely reproduced by rotational parametars6.461
ously |d_ent|f|ed and assigned tp a particle statg620], on ke\yand at{LO.EQS. The firs),/t four Ievelsﬁlave been observed
the basis of_strongo(,p) population of th_ese level41]. Our in our (n,y) data and all five are populated by thé, )
current assgnn;eg]t of Igevels agree with those made previc,, o “Three levels if3U have been assigned to this
ously for thel = 3,3, and; band members. We assign a new orbital; their spacings define a band with values for rotational

level at 784.1520.002 keV as thd =3 member of this -
i arameters that are very similar to those of the presentl
band. Our f,7) data support ¢ or 3" assignment; also, giscussed band iR*Py y P y

we have a new identification of this level in thd,p) spec-
trum. Present experimental data show the level at 769 keV, i 1 B
previously thought to belong in this band, to have negative & Thez [761]+2[631]20 band:1769®’ 779(), 811(),
parity with | =1 or 2. 833(), and 937() keV

The 1=3 band member at 800.47%.005 keV is appar- The bandhead listed above at 769 keV was previously
ently a member of a close-lying doublet that is just barelyobserved in thermal and resonance neutron capture and was
resolved in the interpretation of oun(y) data. The exis- mistakenly thought to have positive parity. Our experimental
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. . _ _ 3+ .
(n,7) data show spin and paritf=3"~ or 3. Thel =% and 9. The 5*[631] band: 800, 832, 877, 937, and 995 keV

3 members of this band, newly identified in our thermal In their study of 24%Pu levels with @,t) and CHe,)

(n,7) data, decay to levels in thg"[631] band, as does the (o4ctions, Elze and Huizengia2] assigned five levels begin-
bandhead. With rotational parametefs=4.827 keV and ning at 809 keV to a rotational band representing the

a=-0.318, as derived from the energies of the three lowest +531] orbital. We should expect to find transitions in our

7
levels, one calculates the- ; level to occur at 834.0 keV. A harmal 1, ) data that feed and depopulate at least the first
level at 833=2 keV, which is detected in all of the transfer 4 |evels in this band. which are reported to occur at-889

reaction spectra, is assigned to the band. A single transitiog,q g35-3 keV. We do find evidence for an= 3+ level at
with energy 496.2170.004 keV has been assigned to thegng 452-0.005 keV and an=2" level at 831.588 0.007

2
de-excitation of this level to thé" 3[631] level at 337 keV.  keV. The former is populated by a primary transition, which

Also, a level at 93%2 keV is assigned to the=% member s indicative ofl =3 or 2. This 2* level is the second mem-

of the band. As will be discussed in Sec. Il B 12, this rota-ber of a close-lying doublet discussed in Sec. Il B 7. Our
tional band exhibits characteristics that are different fromonly level close in energy to 809 keV is a2~ level at
those expected from theoretical calculations. Its pattern 0810.945-0.003 keV, which has been assigned to the
(d,p) intensities is most consistent with3a [761] assign-  1-[761] rotational band. Thus, we reject the previous as-
ment.y-ray branching ratios for transitions between the threesignment of this bandhead at 809 keV, placing it now at 800
lowest levels in this band and members of #i¢ 631 band  keV, and report a more precise energy for the member
agree rather precisely with expected values according tof the band[12]. The |=% and higher levels in thik™
Alaga ruleg24]. A comparable band occurring at 739 keV in =2+ band have been detected only in transfer reactions. As
239 has also been assigned to the[ 761] orbital. noted previously[12], the experimental differential cross
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FIG. 2. Levels in?*'Pu assigned to rotational bands with Nilsson-configuration assignments and methods of experimental observation.
For each level, assigned spin, parity, and level enéigkeV) are shown(a) Positive-parity levels(b) negative-parity levels.

sections for thed,t) reaction fit reasonably well with calcu- but their parity was either undetermined or mischaracterized
lated values for thé "[631] orbital. as positive. In our1f, y) measurements, we detect both pri-
This rotational band, as presently constituted, exhibitgnary and secondary rays feeding and de-exciting levels at
mostly consistent rotational spacing wig=6.2212) keV ~ 841.957-0.002 and 850.5400.002 keV. The measured
from the two lowest levels. Braiet al.[11] have shown that  conversion coefficients of these secondaryays indicate a
peaks occur in both thed(p) and @d,t) spectra, correspond- gseries ofE1 transitions, supporting evidence for negative
ing to levels at 80&2 and 8073 keV. They disagreed with parity assignments to these levels. Secondaryays that
the Elze-Huizenga assignments for this band, partly becausg,_oycite thel =% member of this band at 897.588.022
the levels at 8333 and 955-3 keV show comparabled(p) ey were also detected. From these level energies, we obtain
and (d,t) cross sections. They have assigned just two IeVGI?otational parameter8=6.127 keV anda= —0.533. From
to the 37[631] orbital, those at {")770=3 keV and at these parameters, we calculate thel band member to oc-
(3%)864+3 keV. In our data, we find evidence for 4  cur at 917.5 keV. This energy agrees well with a level at
=3~ level at 769.268 0.003 keV, but nothing to support 918+2 keV that is found in the d,p) spectra, indicating
the previously suggestet” level. In the @,p) spectra, one some nonvibrational component in this band. A discussion of
finds very intense peaks at 801 and 8311 keV, neither the configuration of this band, which apparently includes the
of which are apparently related to the presently consideredibrational components shown above, is given in Sec.
orbital. Although one might assign the present band to the|| B 12.
particle state "[622], the fit to calculated cross sectiofts

spectroscopic factoyss poor.
P P y$s p 11. The%‘[BOl] band: 965 and 966 keV

10. The 3[620]®0™ +3[631]®0™ octupole vibration band: 842, The first two levels of & ™=~ band have been detected
851, 898, and 918 keV beginning at 965 keV. Most of the transition strength de-
The two lowest levels assigned to this band were detectedopulating these levels leads to members of $i¢631]
in previous studies of thermal and resonapdenary y rays, band. These levels are also populated by thermaj) pri-
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TABLE VI. Characteristics of rotational bands #*Pu and?3?U.

Experimental Theoreticél Experimental
Bandhead energgkeV) % Indic. Other Rotational parameteieV)
Config. 241Pu 239U Theory config. components  Nuclide Acxpt b
2+1622] 0.0 0.0 0 90% minor 24lpy  5.9961),5.9791),5.94%1)

29  6.0791), 6.2323)
2%y  6.0131),6.0031),5.9752)

31631 161.7 1338 50 88% minor 2py  6.7471), a= —0.543(1)
29 6.8171), a=—0.414(1)
211624 1751 169.1 60 82% minor 2py  6.3121), 6.2797)
BY  6.3617), 6.8621)
21743 4089 292.6 170  91% minor #py - 3.787), —, 4.4313)
BY -, 4.0413), -, 4.509)
3[622]©0~  518.8 539.3 590 16% 60% 5[ 752] 2Py 6.0871), 5.93511)
239U
1+1620] 755.2 687.9 710 50% 389622 ®2" 2*Pu  6.4611), a= +0.495(1)
2Y  6.5485), a= +0.425(5)
37[761] 769.3 739.4 670 43% 3[501] 2py  4.8271), a=—0.318(1)
+3[631]®0~ 29%[631]®0~ XU 4.9343), a=—0.550(1)
3+[631) 800.4 726.1 620 50% 3[622] 2lpy  6.2272)
36%[624]2%" U 6.2096)
1[620]©0~  842.0 8152 900 37% 24% 3[501] 2py  6.1273), a=—0.533(1)
+3[631]©0" 29%[631]90~ XU
3+[622] 853.2 1060 69%63122" XU 6.976)
19% 2[631]
1-1501] 964.9 932.9 1200 3396310~  ?*Pu ~6.5,a~+0.57
32% [ 770] 2 6.9311), a= +0.392(20)
3[631]@2" 965.6
1[631]00" 1155.1
1[750] 1194.6

8andhead energies, configurations taken from ],

bFor Acxpt, Uncertainties in the last digits are in parentheses. The rotational parameters are calculated with the
formula A, =[E(2)—E(1)]/{1(2)[1(2)+1]—1(1)[I(1)+1]}. Experimental rotational parameters , when
known, are given for each band fA'Pu and also for the same configuration in the isotonic nuct#usand,

in one instance?®®U. Parameters in bold type are those that violate the regular trend of slightly decreasing
A with increasing angular momentum exhibited in an isotone.

mary transitions and in both thel({p) and d,t) reactions. If  that they employed a very small set of phenomenological
we assume a rotational parameter®5 keV for this band, parameters. For our purposes, we will use the more realistic
the decoupling constant is approximatet.6 while the cal- model of Gareeet al.in order to make detailed comparisons
culated value for g *[501] band is+1.0.[27]. between experiment and theory. These are summarized in
Table VI. In the following discussion, all references to cal-
12. Experimental versus theoretical level structure comparison ~jated or theoretical structure #HPu are to the work of

As already mentioned, we have found the calculations ofsareevet al. [27].
Gareevet al.[27] to provide the best comparison of theoret-  There is good agreement between calculated excitation
ical level structure with experiment. Another theoreticalenergies and experiment for the first four configurations
treatment that provides explicit energies for comparison witifound in >#'Pu, namely, the *[622], 37[631], 57[624],
experiment is that of Liberet al. [31] whose self-consistent and 5 ~[743] bands. These configurations are calculated to
calculations were performed within the Hartree-Fock plushave the least amount of configuration mixing. It is clear
BCS approximation using the Skyrme SlIl phenomenologi-from the observed level spacings in the[743] band that
cal effective force. While the Libert al. calculations pro- the levels are interacting strongly with those in another
vide rather good agreement between calculated energies ahdnds), in this case, thé “[734] band. Theoretical calcula-
experiment for the four lowest energy configurations intions suggest a spacing of 190 keV between bandheads; our
241py the higher lying structure is not predicted accuratelyCoriolis calculations, in which all of the observgd[743]
possibly because vibrational excitations have not been inlevels are precisely fit, place the band at 100 keV above
cluded in the model. Nevertheless, even the limited succedbe Z~ band. The3 "[620] band, found experimentally at
of the Libertet al. model is impressive in view of the fact 755 keV, seems to display the characteristics predicted theo-
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TABLE VII. Level-energy fitting calculations for twg= 2 bands in?**Pu, 243Cm, and2*%, including
Coriolis mixing effects.

Calc: *Pu | Calc: *Pu Il Calc: 2*%Pu IlI
2[743] 2[734] 3[743 2[734 2[743 2[734]
Eexp. Ecalc. Eexp. Ecalc. Eexp. Ecalc. Eexp. EcaIc. Eexp. Ecalc. Eexp. Ecalc.

Fitted level energieskeV)

E% 408.9 408.9 408.9 408.9 408.9 408.9
E% 404.5 404.5 480.2 404.5 4045 499.7 404.5 404.0 504.7
E% 453.7 558.6 445.7 586.1 444 44438 593.9
E%ﬂ 515.9 647.2 501.4 681.2 500.7 691.8
E% 590.3 746.8 570 570.0 786.6 570 569.8 800 800.0
Fitted parameter&eV) 2
Eg[734] 423.6 443.1 446.5
h2123 5.91
19 3.89 (6.7 415 (6.79
Fixed parametergkeV) @
E§[743] 408.9 408.9 408.9
hel23 5.80 5.80
AL 2.74  (6.76
Calc: 2*Pu IV Calc:?*Cm Calc: U
743 734 1743 734 1743 3734
Eepr Ecalc. Eexp. Ecalc. Eexp. Ecal(:. Eepr Ecalc. Eexp. Ecalc. Eexp. Ecal(:.
Fitted level energiegkeV)
E% 408.9 408.9 643.5 643.5 292.6 292.6
E% 404.5 405.6 496.2 701.7 7029 388.1 388.4 325.4 463.4
E% 444 447 .2 580.6 775.0 775.1 442.8 443.4 372.7 371.1 545.3
E173 503.0 673.6 859.8 508.7 509.0 429.2 638.0
E% 570 5715 77 776.9 957.0 585.3 498.6 499.2 742.0
E% 1066.4 672.4 581.0 857.4
Fitted parameteréeV) 2
S 441.4 395.8 444.0
hel23 5.73 5.78
19 369 (6.76 2.74 (6.74
Fixed parameteréeV) @
E%[743] 408.9 643.5 292.6
h2123 5.80
AL 2.76 (6.79

#Theoretical values for the GM matrix elements, taken from Rzd], are shown in parentheses.

retically, namely, a configuration consisting of latter configuration were important in this band, we might
50%3% [620], 38946222, plus other, minor compo- €xpect to detect transitions feeding levels in the[ 743
nents. The Observed patterns Oj!m) popu|ati0n among band. These haVe not been detected. AISO, we m|ght eXpeCt
band members and of rays deexciting band members are in to see considerabled(t) and (He,a) strength in thd = 3
qualitative agreement with the calculated microscopic strucmember of a3~ [752] band, in this instance, expected at
ture of this band. approximately 849 keV. We have not been able to identify
We will discuss next some significant deviations fromthis. There does exist a fairly strong peak in tligt] spec-
predicted structures in rotational bands that occur mostly d@rum at 842-1keV, but no corresponding peak in the
higher excitations. The experimental evidence for the(*He,a) spectrum. It appears that the calculations have un-
K™=2"~ band at 519 keV is consistent with a purely vibra- derestimated the purity of thig{ 622]®0~ band.
tional band, e.g., no population of levels by transfer reactions There are fiveK™= 3" orbitals that are likely to appear
is detected. Presumably, the configuration of this band ibelow 1 MeV excitation in ?**Pu, namely, 3 [761],
5[622]®0~. Gareevet al. calculate the lowes€™ band 37[750], 3 [501], 3[631]®0~, and3[620]® 0. We have
in 2*Pu to have only 16% of this vibrational character with observed thre& "=1~ bands in?*Pu below 1 MeV. Our
the predominant configuration being 608 [752). If this  present data suggest that configuration mixing plays an im-
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portant role in the&K ™= 3~ bands that we have identified and theoretical calculations could help to determine how to ap-

that these configurations do not necessarily arise in the sgortion the observed transfer reaction strength between two

guence calculated theoretically. different levels. Thus, the rotational band being considered
The lowestK =31~ band in ?**Pu is calculated to occur here is thought to exhibit a mixed configuration with two of

at 670 keV and to consist predominantly of two configura-the important components being vibrational, namely,

tions, 43% ~[501] and 299%[631]®0~. Experimentally, 1[631]®0" and%[620]®0*, and with some nonvibrational

we observe the lowest™ band at 769 keV. All of the deex- gg?ﬁg?g;@ in order to account for thed(p) and (t)

citing transitions of band members feed levels in thePOPU'aton. _

%*[g31] band, consistent with what is expected for a vibra- The t_h'rd K=3 . band, calculated to occur at 12.00. kev

tional state built upon this single-particle state. At the samé&nd defined experimentally by only two levels beginning at

time, the observed pattern ofl (o) population of the band, 9.65 keV,.is assigned to the [501] qrbital, whic_h is con-
rather strong peaks for tHe=2, 1, and% levels alternat- sistent with the deduced value of its decoupling constant.

ing with weaker upper limits for the other levels, agrees WeIIThIS assignment do?s hot _|mply_th§1t other modes are not
with that expected for the “[ 761] orbital. Certain levels in mixed |nto_th|s band's cqnflguratlon, the sparse data make_
the band are also apparently strongly populateddy)(re- further assignment questlfnable. The levels decay predoml—
actions, behavior that is inconsistent with a rather high-lyin antly to me_mbers qf thé"[631] band, as do the levels in
particle statg3 ~[761]). The observed decoupling parameter, he twolprewoqsly discussed ba’.‘ds- A _strodgtI peak fqr
—0.318, does not agree with a theoretical value-df5 for tlh_e |=3 Ievgl is observed and is again consistent with a
the 3 ~[761] orbital nor with a theoretical value o£1.0 for 2 [501] assignment, whereas the observed modemfe)(

the 1 ~[501] orbital, although mixing between these orbitals strength must arise from some other configuration in this

. o -
may explain the experimental value. Apparently this rota-ranXture' Garee\et al. calculate about 33% contributions of

1 _ . ; :
tional band cannot be categorized simply as representing & [770] and 3[631]®0™ orbitals for this band. While the

single neutron orbital. Our observations appear to be Consijo_ccurrence of the former orbital is not obvious from our data,

tent with the presence of several configurations in the mi |m|t_ed as t_hey are, the observed gar_nma_decay of these lev-
that represents this band. els is consistent with the proposed vibrational component.

The nextK ™= 1" band in?**Pu occurs at 842 keV, close
to the calculated value of 900 keV. Its principal components
are calculated to be the same as those of the previous band,

1- 1+ -
24%; [501] and 37% "[631]@0 . From the observed g gyqdy of2%Py, along with the data of previous inves-

level energies, we obtain rotational parametérs 6.127  (igaiors, has allowed the assignment of configurations to 10

keV and 32:0-533- These values, not so different from yqiational bands, which are comprised of 44 levels. Evidence
those of the; *[631] band(at 162 keVf, and the existence of o the existence of these levels has come mainly from

E1 transitiongwith energies in the range 600700 Kelllat ., _spectroscopic measurements of primary and secondary
populate the; "[631] band suggest 8[631]®0" configu-  (ransitions in thermal neutron capture and froth) and

ration assignment. On the other hand, much lower energyq ) reaction spectroscopy. There is also evidence for 11
transitions, I.e., with energies100 keV, are seen to be feed- aqgitional levels that have not been given configuration as-
ing levels in the; "[620] band. Since these transitions are gignments. A total of 102 transitions out of measured 237

able to compete with others of much higher energy and, thugecondary linegor 64% of the total transition strengtvere
are several hundred times more probable after correction foﬁlaced in the decay scheme.

energy dependence, it suggests the configuration of the aAg can be seen in Table VI, there is excellent correspon-
present band includes a significant amount 0_%[2520] dence between the excitation energies and values of rota-
®0" vibrational state. This observation goes against theorejona| parameters of the experimentally determined bands in
ical predictions where thg[620]®0~ configuration does 241y and 22, especially for bands lying below 1 MeV.
not play an important role in any of the levels calculatedtne ayerage difference in band energies between these two
below 1200 keV[27]. It is interesting to note that the two nyclej is 45 keV; the average difference in rotational param-
low-energy transitions between the 842.0-keV bandhead anglers for the six cases where data exist and where perturba-
levels in the3 *[620] band exhibit a ratio close to the theo- tions due to Coriolis interactions are minimal is 1.2%. In all
retical \_/alue given by the Alaga rul¢24], while transitions _but one case, the rotational parameter of the barfd#u is

from this level and the 850.5-keV band member to levels INsmaller(or the moment of inertia is largedue to the added

the 3 7[631] banddo notmatch expected values. Also, the proton pair. In their study of%U(n,y)23%U, Borner et al.
levels in this band appear7to receive sondep) and @,t)  [1] detected five transitions in the energy range 1000—1070
population, including thé=; member at 918 keV. Some of ey whose conversion coefficients indicated a signific&t

this behavior may be explained by the existence of more thanmponent, along wittM1 andE2 character. These transi-
one level at a given energy, e.g., tB€ 3[620] level at tions were combined with others to define four levels that
898+3 keV seen in transfer reactions and fhelevel inthe  were assigned t@-vibrational bands built upon the ground-
present band at 897.503 keV seen in the therma)) data.  state3 "[622] band and upon th&*[631] band. In our mea-
The relative (l,t) cross sections can be fit at least partially surements, we have identified only three transitions whose
by those calculated for i [501] orbital. On the other hand, conversion coefficients suggest B0 component; these oc-
one can rule out & [761] component since there is no cur at rather disparate energies. None have been placed in the
match with what is expected for this configuration. Detaileddecay scheme.

IV. CONCLUSIONS



1132 D. H. WHITE et al. 57

The energies and structures of excited state¥iRu cal-  strength in both thed,t) and (,a) reactions that would
culated by Gareeet al. [27] correspond to experiment rea- indicate ~[752] character.
sonably well for most states below 1 MeV excitation. Those In an analogous manner, there are significant differences
states that are largely single-particle in character are welpetween the experimen;[zally observed characteristics of the
reproduced by the model. Nevertheless, three such statd§ree lowest energi{"=; " rotational bands and those cal-

predicted to occur at relatively low excitation energies, havé:m%eg by Garee\gt ql.hlnhthls qasle, dthotla ﬁbsc?rvabltals that
not been identified in the present study. The lowest of thesg(,:?;)rl{'1 ote re g?r?ﬁ:reb ar\:\gt é ee-zg;)éig;(;]n ep atthes Z%%uﬁr'ggs'?g_
a 3 [734] orbital calculated to occur at 360 keV, has beenyg,ciion cross sections. It was found that while there was a
placed at approximately 500 keV in the Coriolis mixing cal- general correspondence between experimental behavior and
culations summarized in Table VII. The most ||k6|y form of theory for these bands, detailed predictions of mixing were
de-excitation for this bandhead will B 1 transitions to the often not borne out. A more complete discussion of this phe-
27[743)] levels at 404 and 409 keV; these transitions havenomenon is given in Sec. Il B 12.

not been identified in our neutron capture spectrum. Two
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