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States in 1°%Pt observed with the (n,n’y) reaction
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Levels in 1°%Pt have been studied via tH&%Pt(n,n’ y) reaction for a range of neutron energies from 1 to 8
MeV. A “white” spectrum of neutrons was produced at the LANSCE/WNR facility, and the incident neutron
energy was determined by the time-of-flight technique. Analysis of measuyembincidence data ang-ray
excitation functions, obtained with the large-scale Compton-suppressed Ge spectrometer GEANIE, yielded 13
new levels and 24 new rays belowE,=3 MeV in °Pt. Interacting boson modéiBM) calculations with
broken S@6) dynamical symmetry were performed. A new experimental level was found to be a prime
candidate for thd™=4", =6, =5 IBM state.
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[. INTRODUCTION ergies. The main advantage of the present study is that a
low-energy y ray originating from levels with energies
The nuclei in theA=180-200 mass region exhibit a greater than~1 MeV can be unambiguously placed using
gradual shape change from proldfg to oblate[2] before ~ both yy coincidences and excitation functions. A disadvan-
the spherical limit is reached #=208. As a result of the [@9€ IS that spin assignments could not be made due to the

complex nature of these shape transitions, simple rotationécfw statistics In the individual detectors, preventing angular
Lo . istribution measurements. A total of 13 new levels below
and/or vibrational models do not adequately describe the nu=

S . i ) =3 MeV and theiry-ray branchings are reported here.
clei in this region. The interacting boson modiM) [3,4] D)i(Prete[22] also carrie):j Oﬁtlgept(n,n%) experirPnents that

is very successful in interpreting the transition region ConSiS'emphasized angular distribution measurements, butyfo
tently. In fact, **Pt has been shown to be a good example ofgincidence measurements were performed. The combina-
the S@6) limit of the IBM [5-7]. Many of the low-spin  tion of these two data sets allowed spin and parity restriction
positive-parity states below the pairing energy gap'iPt  on the new levels in9%pt.
were identified and explained in terms of this model by Ciz-
ewskiet al.[6]. In addition, platinum isotopes have been the Il. EXPERIMENTAL DETAILS
focus of a variety of .other. experiments to search for mixed The experiment was performed at the Los Alamos Neu-
symmetry §tate§8], hlgh-lylng octupole stateff], octupole tron Science Centel,ANSCE) Weapons Neutron Research
fragmentatiorj 10], and scissors mode sta{dd—-14. There-  \yNR) facility. Neutrons in the energy range from below 1
fore, a number of experimental techniques have been appliggey to nearly 800 MeV are produced by spallation reactions
to the study of***Pt, including Coulomb excitatiof15-18,  of pulsed 800-MeV protons incident on a natural tungsten
two-nucleon transfef19,20], neutron capturer(,y) [6,21],  target. The proton beam consisted of §25dong macro-
and neutron inelastic scattering,(’y) [22]. The resultis a pulses, each of which was subdivided into micropulses
fairly detailed partial level scheme for'®Pt for E,  spaced 1.8us apart. These macropulses were produced at a
=<3 MeV. However, as a result of the high density of statesfrequency of 80 Hz, giving a 5% duty cycle. The energy of
above 2 MeV in%Pt, many near-yrast states and their the reaction neutrons was determined by the time-of-flight
decays are as yet unknown. (TOF) technique. They flash from the spallation reactions
The combination of a high-resolution Ge-detector arraywith the neutron production target was used as the reference
and a neutron spallation source allowed us to prbf%t via  time. The GEANIE (germanium array for neutron-induced
a neutron-induced reaction ang-ray spectroscopy. The excitation$ spectrometef23], located a distance of 20.34 m
neutron-induced reaction provides a method for the populafrom the WNR spallation neutron source on a flight path at
tion of levels away from the yrast line at low excitation en- 60° to the right of the incident proton beam (B)Q) was used
for y-ray spectroscopy. The neutron flux was deduced from a
fission chamber count¢R4] placed in the beam 1.86 m up-

*Email address: tavukcul@linl.gov stream from the GEANIE spectrometer.
"Present address: DAPNIA/SPhN CEA Saclay, Bat 703 I'Orme A 9.94-g sample of 97.25% isotopically enrichégfPt,
des Merisiers, F-91191 Gif-sur-Yvette, France. consisting of two 2.5-cm-diam disks with addition&i%Pt
*Present address: Idaho National Engineering and Environmentalandwiched in between, was placed at the focal point of the
Laboratory, P.O. Box 1625, Idaho Falls, ID 83415. GEANIE spectrometer. The neutron beam spot on et
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400 500 600 700 800 900 1000 the planar-detector spectrum covering an energy range from
] | 65 to 900 keV was obtained using 65 well-known in-beam
rays as calibration points if®Pt and other isotopes. Simi-
larly, 25 in-beamy rays between 300 keV and 3 MeV in Pt
isotopes were used for the calibration of the spectrum from
the coaxial detectors. Excitation functions for therays
were constructed by taking 15-ns time gdde typical full
width at half maximum(FWHM) for the time resolutiohin

the E,-TOF matrices, which corresponds to a 21-keV neu-
tron energy range dt,=1 MeV. For each energy bin, a
one-dimensionaly-ray pulse-height spectrum was generated
and fitted with the computer codesam [27] over the full
y-ray energy range. An excitation function for eagkray
transition was generated as a function of neutron energy by
normalizing they-ray counts to the neutron flux. The neu-
tron flux was deduced from the fission-chamber data col-
lected simultaneously. Prompty rays from other
19¢pt(n,xnypy) reactions were identified and the excitation
function for each y ray was generated up td,
=250 MeV. These results and their interpretation in terms
of reaction dynamics were reported separaf2B.
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E. (keV) In this work a total of 92 transitions were obser\_/ed and
i assigned to'%Pt. These observed transitions rangeyinay

FIG. 1. They-ray spectra obtained from the sum of the coaxial energy from 100 keV to 2.1 MeV, and all of the new transi- .
Ge detectors for thé®Pt(n,n’ y) reaction in theE,=1-8 MeV tions are above 400 keV._The absorb'e.rs used in the experi-
range. The newy rays reported in this experiment are labeled with Ment make the observation of transitions below 100 keV
energy more difficult. No new ground state transitions were
observed in the excitation function measurements. Two con-
sample was 1.91 cm diameter. GEANIE included 11 planaditions were required in order to assign transitions to levels:
and 15 coaxial Ge detectof®5% efficient relative to a (i) the y ray must be observed in the coincidence data, and
3in.X3in. Nal(Tl) detectot. All planar and nine of the co- (ii) the threshold energy of the-ray excitation function
axial detectors were equipped with BGO escapedmust be consistent with the placement of the level in the
suppression elements. In addition, all of the planar detectorievel scheme. The new partial level scheme is illustrated in
were fitted with Nal nose-cone escaped-suppression eld=ig. 2. Table | summarizes all of the new levels apday
ments. The planar detectors were grouped at the most fotransitions observed in the present work. Approximate level
ward and backward angles with respect to the beam direenergies were obtained using the coincidence and the
tion, and y-ray events with energie€, <1 MeV were excitation-function data. The Ritz combination principle was
recorded for the planar detectors. The coaxial detectors wergpplied to deduce exact level energiasd associated uncer-
positioned around 96 40°, andy rays were registered with taintieg. The relativey-ray intensities listed in Table | in-
energies up to 4 MeV. All detectors were located4 cm  clude the detection efficiency. The present results confirm
from the focal point of the spectrometer. The efficiency ofmany of the levels and transitions observed in a previous
the array(as a function ofE,) was calibrated through a unpublished measureme#2]. Spin assignments and limits
series of source measurements, supplemented by detailéar the levels in Table | were made by taking into account
modeling[25] using the transport codecnp [26]. multipolarities and angular distribution calculations of Ref.

A total of 103<10° single and higher-fold events were [22], the neutron capturen(y) data from Ref[21], and the
recorded. The data were sorted iffg vs TOF andyy co-  excitation function data of the present work. The slope of
incidence matrices. During the off-line sorting, the data forexcitation functions as a function of neutron energy differs
each detectofplanar and coaxial detectgrsvere aligned for transitions from levels with different spin values. For
separately in both detector pulse height and neutron time aéxample, a rapid rise in the cross sections as a function of
flight, and then summed together to generate the twoincident energy is observed for low-spin transitions, while
dimensional2D) matrices. the increase in intensity is much slower for high-spin transi-

The y-ray energy spectra shown in Fig. 1 were obtainedtions. Therefore, excitation functions can be used to make
by applying a condition on the event times corresponding t@pproximate spin assignments. The spin assignments of the
neutron energies from 1 to 8 MeV in ti&,-TOF matrices. average neutron resonan@RC) data[21] are based on the
New y-ray transitions found in this experiment are labeledprimary y-ray transitions from the capturing states (0L™)
with their energies in keV. A precise energy calibration forto 0", 1%, and 2" states. Resonances were averaged by

their energies in keV.
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employing a 2-keV neutron beam with an energy spread ofind 4" states restrict the spin values of this level to the 2—4
850 eV FWHM. Given the level spacin@) in °Pt of 18  range. Thel = 2 value is eliminated due to the ARC data
eV, the capture process is expected to average ev#d  [21]. Referencg22] reports that all of they rays from this
resonances. Therefore, one could state that levels with O |evel have mixedE2/M 1 multipolarities implying the spin-
17, and 2" populated in the ARC data are complete belowparity assignment of 8.

2.5 MeV excitation. Thus, states that are not observed in the 1883 24 keV; 3=3(*) level An E,=1883(3) keV level
ARC data, but observed in the present data, cannot Bave 45 opserved in ap(p’) experimeni29] and assigned™
=07,17,2" values. This statement will be referred 0 as_ 4+ pyrthermore, the 589.99-, 1195.04-, and 1527.56-keV
ARC hereafter. Furthermore, spin assignments are made CORansitions(listed in Table } were assigned to the'41883-

sistent with thea, anda, values in the angular distribution | .\/ state in Ref[22]. However, the, value of the 1527.56-
function W(B)f1+a2P2(co_se)+a4P4(c_;c_)30) for the case keV transition was found to 'b& 0.36(7) [22], which is
Ji—J;, assuming that all mixed transitions #e/M1 type inconsistent with the assignment of this transition to the 4

gseiigggéeig'égt;?le following, the levels in Table | will be level. This negativen, value and the ARC datf21] only

1804.76 keV: J=(3%), 4* level The 443.21-keV transi- permit aJ_=3 as;i_gnment, thus ;uggesting a+new level at
tion to the 2" state restricts the spin values of this level to 1883 keV in addition to the previously known" dlevel at
the 0—4 range. Due to the ARC ddgd], the spin 0-2 range Ex= 18833). Within the uncertainties of the, values, the
is eliminated. The positive, and negativea, (at the 2r 1527.56-keV transition can be either a mixe@/M1 (im-
level) values[22] favor the 443.21-keV transition to be a Plying a positive parityor pure dipole(at the 3r limit). One
stretchedE2 type. However, d—J—1 transition possibility ~cannot rule out the possibility that the three transitions other
with a mixed multipolarity cannot be completely excluded.than the 1527.56-ke\y ray may be associated with the de-
Thus,J™=(3"), 4% is adopted. cay of the 4 level. The present results suggest a closely
1831.69 keV; 3=3" level The y decays to the 2, 3",  spaced doublet &,=1883 keV.
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TABLE I. The new levels and rays observed with th&%Pt(n,n’ y) reaction. An 80-eV systematic uncertainty is included in the quoted
vy-ray energies to take into account the deviations between the calibrated and the accepted [@rglepossible<15% angular
distribution effect is not included in the relative intensitlgérel). Multipolarities,a,, anda, values from DiPretet al. [22], are adopted
wherever possible. Spin assignments and limits are derived from all available data. New levglsagsdound in the present experiment
are denoted by and y, respectively, in column 10.

E; (keV) E, (keV) E; (keV) I, (rel) Mult. a, ay J7 J7 L/y
1608.6023) 593.8(21) 1014.809) 1 (5) 3* a
1804.7615) 443.2110) 1361.5510) 1 0.246) -0.17(9) (3", 4* 2% Ly®
1831.6914) 816.9414) 1014.809)  0.71924) E2M1 0.187) —0.04(11) 3 3t L yP
955.55) 876.899) 0.05q15 E2/M1  —0.40(15) —0.05(23) 4 yP
1143.23) 688.599) 0.231200 E2M1 0.469) -0.10(13) 2 yP
1476.01¢ 355.687) c E2M1  —0.11(7) 0.1712) 2+ yP
1883.2417) 589.9911) ¢'  1293.3210) c E2M1 0.369) —0.00(13) 3" 4t L, P
868.2719)¢  1014.8G9)  0.68016) 3+ yP
1195.G2) © 688.599) 0.32q16) E2/M1 0.397) 0.06(10) 2+ yP
1527.56° 355.687) c —0.36(7) 0.189) 2+ yP
1901.9815) 631.6810) 1270.3111) 1 0.1423) 0.003) 56,7 5 Ly
1957.2822) 1080.3920) 876.899) 1 0.175) —-0.04(8) (4,57, 6" 4% Ly
1985.23) 1296.63) 688.599) 1 0.047) 0.10110) 1*, 2t 2+ yP
1991.64) 1303.G4) 688.599) 1 —-0.13(13) 0.1019) 3, 4" 2% Ly®
2002.43) 1125.52) 876.899) 1 E2/M1 0.4510) 0.06(15) (3%), 4° 4t L yP
2005.9714) 735.679) 1270.3111) 1 0.297) —0.02(9) (49 5- y
2007.8%14) 714.5310) 1293.3210) 1 6" 4+ a
2029.83) 1341.43) 688.599) 0.454) E2M1 0.4210) 0.1316) 3 2% L oy®
1672.17) 355.687) 0.554) E2M1  —0.41(9) —0.03(12) v yP
(1014.259 1014.809) 3 yP
2067.1515) 796.8511) 1270.3111) 1 -0.36(8) —0.22(12) 5,6 5 Ly
2084.3915) 814.0911) 1270.3111) 1 0.315) —0.06(8) 4,56 5= Ly
2170.8322) 900.5219) 1270.3111) 1 0.21(12) —-0.14(16)  (5), 617 5= Ly
2236.4224) 966.1121) 1270.3111) 1 0.455) 0.148) (5,6,7 5 Ly
2244.63) 1367.12) 876.899) 1 0.41) 0.05(15) 3*,4,5* 4t L, yP
2271.14) 1582.54) 688.599) 1 E2M1 0.21(14) 0.60124) 2+ 2+ yP
<2500" 407.066) y
<3000" 458.319) y
<2500" 1450.44) ¥

8 arlier values ofg; and E, [30] are revised in the present work.

PAlso observed by DiPretf22].

“Branching ratios could not be determined due to unresolved multiplets.

9As a result of unresolved multiplets, theray energies are obtained from the difference of the initial and the final level energies.
€y ray that may also be associated with the known#8833)-keV level[30] (see text for details

fUncertainty in they-ray energy was obtained by fitting the peak separately; i.e., the Ritz combination method was not used.
9y ray placed tentatively based on the coincidence analysis alone.

"Unplacedy ray; the approximate threshold energy from the excitation function is listed.

TABLE II. Angular distributiona, values k=2, 4) for y-ray 1901.98 keV; 3=5, 6, 7 level The new 631.68-keVy

ray has been used to establish this new level at 1901.98 keV.

This raises a question as to whether this level is the known
1901.7-keV leve[30] depopulated by the 528.1-keV transi-

transitionsJ;— J; for different multipolarities {).

A as ay Ji—J¢
1 >0 0 J—J
1 <0 0 AJ=1
2 <0 <0 J—J
2 >0 <0 AJ=2

tion. The excitation functions for the 631.68- and 528.1-keV
v rays are shown in Fig. 3. It is readily seen that the thresh-
old and shape of these excitation functions do not follow
similar behavior, as would be expected for transitions decay-
ing from the same level. Given that the known 1901.7-keV

level has a (8) spin assignment, the threshold energy in the
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& FLT 7 4% level without any decaying transitiof30]. Figure 4
0.03 - [ . shows the coincidence spectrum observed for the 735.67-
II ) keV transition, assigned to this level. However, the positive
.l a, value of this transition is inconsistent with the known spin
0.02 [ 7 I T assignmenf30]. It is speculated that this transition might be
T ITI rone 1 contaminated. A 735-keVy ray was observed in Ref22],
0.01 - T | but assigned to a new 2029-keV level.
' 1 T 2029.8 key J"=3" level The transitions to 2 states
1 Llﬁ ] narrow the spin assignment to 0—4. The ARC dE24]
0.00 S S . — eliminate spins 0—2. Th@=4 value is eliminated based on
1 2 3 4 5 6 7 8

Neutron Energy (MeV)

the negativea, value of the 1672.69-ke\y ray, feeding the
27 level, which implies a dipole transition. If the parity were
negative(i.e.,J”=37), thea, coefficient for the 1341.4-keV

FIG. 3. Excitation functions for the 631.68- and 528.1-keV

transition should have been negative, contrary to the experi-
rays. See text for details.

mental results.

2067.15 keyJ"™=5", 6 level Spin assignments of 5-7
excitation function of the 528.1-keV transition is shifted to awere made based on the shape of the excitation function of
higher neutron energy. Figure 3 shows conclusively that théhe 796.85-keVy ray from this level. As a result of the
631.68-keVy ray does not depopulate the known 1901.7-negativea, value of this transition, spin 7 is eliminated. A
keV level. A 631-keV transition was observed in REF2], ~ 796.8-keV transition was observed in RE22], but not as-
but not assigned to any level. signed to any level.

1957.28 keYJ™=(4), 5", 6" level. The excitation func- 2084.39 keyJ™=4", 5, 6 level The 814.09-keVy ray
tion data of the present experiment favor a high-spin assigriwas observed by DiPret@2], but not placed in the decay
ment. Thus, &4), 57, 6" assignment is made. A 1080-keV scheme. From the shape of the excitation function of this
y ray was observed in Ref22], but not assigned to any transition, the spin is restricted to 4, 5, 6. Téyecoefficients
level. for the 814.09-keVy ray[22] that feeds the © level suggest

1985.19 keyJ™=1", 2* level. This level is the known spin 47, 6~ (mixed M1/E2), or 5 J—J dipole transition
1984.93-keV leve]30]. The 1296.59-keVy ray, observed by —assignment.

Cizewskiet al. [21] but not placed, is assigned to this level ~ 2170.83 keYJ"=(5), 6 level This new level was es-
both in Ref.[22] and in the present work. tablished based on the coincidence between the 900.52-keV,

1991.63 keYJ™=3, 4" level The decay to a 2 state and and the 393.35-, 521.19-, and 355.70-kgVays, ruling out
the ARC datd21] restrict the spins to 3, 4. As a result of the the previous placement of the 900.52-keVray to theE,
large uncertainties in tha, values for the 1303-keV transi- =2262.3-keV level by DiPret§22]. The positivea, value
tion [22], bothJ™=3 andJ"=4" are adopted. (at the 2r level) of the 900.52-keV transition that feeds the

2002.36 keYJ™=(3"), 4" level Using the decayto a4 5] level rules outEl type (assuming arE2/M1 mixing);
state and the ARC daf&1], the spin values are restricted to thus the parity does not change. The decay to alével
3-6. Since DiPret¢22] observed another transition to & 2 impliesJ=3—7. The shape of the excitation function favors
state (below the sensitivity limit in the present workthe — J=5, 6 for this level, and we suggedf=(5), 6(7).
spin can only be 3 or 4. The angular distribution measure- 2236.42 keyYJ"=(5), 6, 7 level The excitation func-
ments in Ref[22] favor J=4". tion of the 966.11-keVy ray favors spin assignments of 6

2005.97 keYJ"=(4") level This is a previously known and 7 to this level; however, a spin 5 value could not be ruled
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out. The 966-keV transition was previously assigned to a 1 1 s

new 2327.8-keV level22]. Vopr=56,Qp Q2 e, (dpd)®-(d,d,) ),
2244.6 keyJ"=3", 4, 5" level This level was observed L=0.24

as a doublet in Ref[22], one of which was the already

known 2245.56-keV 1, 2* level [30]. Based on the transi-

tion to the 4" state, and the ARC daf@1], spin assignments andQ =(d's,+s'd )@+ y (d7d )@, wheres,s',d,d" are

are reStriCted to the 3-6 range. The eXCitation fUnCtion datereatign an'a [(]jestprupction opperap_)tor;‘s m”dd bosonS, respec-

favor lower spins for this level; therefore, spin 6 is elimi- tiyely, and p=,v. Here M, is the Majorana interaction

nated. The positivea, value of the 1367.66-keV transition . iaq by M,,=é&(sidi—sldh@.(s,d,—s,d,)@

fneddg].g the 4 level permits only positive parities for spins 3 —22K=1,3§K(dld;rr)(")'(apaw)("), where £, are Majorana
2271.1 keV; 3=2" level This level was first observed by strength parameters.

Cizewski[21] without any transition assigned, and was givent Fc_nllogvigg R?f-[31]' the Hamiltpr;]i?ndplara[[neters Wefr.f tdet_h
spin values of 0, 1, 2". DiPrete[22] observed another ermined Dy using an energy-weighted least-squares it o the

transition to a 4 state. The angular distribution data of Ref. Excnatlon energies of éhg Io;/;/]estfllttiavels. Olnly_sK p;all\rlameters,
[22] establish)™=2"* to this state. owever, were varied in the fit: namelg=(N_,/N)e ..

+(N,/N)e,, x=(Ni/N)x,+(N,/N)x,, «k=k;=k,,
CL:[Nw(Nw_1)CL1T+NV(NV_l)CLv]/[N(N_l)]1 L=0,

IV IBM CALCULATIONS 2, 4, while the differencefe=g,—&,=0, Ax=x.— X,
198pt js a well-known examplgs] of the realization of the =0, Ac =c_,.—c_,=0 were kept constant throughout the
SQ(6) dynamical symmetry of the IBM. The standard formu- fit and the Majorana interaction parameters were restricted

lation of the IBM describes collective excitations in nuclei in by the conditioné,=§&,=¢; and set to 0.15 MeV which
terms of bosons which carry angular momentuns®g¢son  Yielded the lowest 1 state above 2 MeV.
and 2 @ boson. The bosons can be considered as pairs of An important aspect of the fitting procedure was that the
valence nucleons; e.g**®%t, with four valence protons and SO(6) dynamical symmetry was used as our starting param-
eight valence neutrons, has six bosons. The model assumetgrs. As argued above, such parameters provide a very good
one- and two-body boson interactions. If no distinction isdescription of the low-lying-level excitation energies. Thus,
made between proton and neutron bosd@B#1-1), the most ~We might expect that the fitting procedure will not depart far
general Hamiltonian can be expressed in terms of generatofeom these starting parameters and we will obtain eventually
of the U(6) algebra. A dynamical symmetry occurs when theonly a perturbation of the S®) Hamiltonian. This turned
generators come from a chain of subalgebras. out to be the case. It is straightforward to check that us-
In the S@6) dynamical symmetry{5], one obtains a Ing £€=0.125 MeV, k=-0.0925 MeV, x=0, cy,=Cy,
three-parameter analytical expression for the Hamiltonian ei= —0.53571 MeV,c;,=c¢;,=—0.30964 MeV,c4,=Cy,
genvalues, provided that the basis is classified by the subai=0.38036 MeV, and a largg produces the S@) dynami-

()

gebra chain. In particular, one has cal symmetry results corresponding to the choice of the
A,B,C parameters from Ref21]. To determine the fit pa-
ESY® (g, 7,L)=Ac(c+4)+Br(r+3)+CL(L+1), rameters, the experimental excitation energies of the lowest

(1)  four 0" states, the lowest five'2states, the lowest*3state,

~ the lowest four 4 states, and the lowest'5and 6" states

whereo, 7, andL are the quantum numbers characterizingyyere used. The resulting parameters were0.553 MeV,
the irreducible representations of &) SQ5), and S@3), x=—0.1145 MeV, y=—0.036, Cy,=Cy,= —0.521 MeV
respectively. In Ref[21], this formula was successfully fitted Cpo=Cp= — 0.622 MeV. and '04:: c4,,v= 03235 MeV.

to the low-lying states c_’flgﬁpt' The optimal choice of pa- The experimental results are compared with the present
rameters was determined to bA=-46.25 keV, B g\-2 fit and the $06) symmetry predictions in Fig. 5.
=43 keV, andC=23 keV. The S@) dynamical symme-  gyerall the IBM-2 fit improves the agreement with experi-
try describes not only the energy spectrum of the low-lyingmenta excitation energies. At the same time the differences
states, but also the branching ratios of #2 transitions petween the IBM-2 fit and the 36 symmetry are not large,

between those states. , and even more importantly, the same is true for B{&2)
A dynamical symmetry is usually not realized exactly a”dtransitions(Table 1.
it is worth exploring how the description of*Pt can be In the present experimental results, a new level was ob-

improved when one allows for breaking of the dynamicalggryed at 1804.76 keV with™ = (3%), 4*. A single strong
symmetry. In particular, calculations were performed usinggamma transitionE. = 443.21 keV \;vas found from this
) - y .
the_ rr?orihgenertal versdlon OI thebmodel, _II_?]MZt ﬂ:jatg'lsé'&'l vel to the 2, 1361.55 keV level. The IBM calculations
aL;riliﬁjnia?\ F\;\:gsolrjsaer(]j' neutron bosons. The standar ‘Predict the state A4 with SQ6) quantum numbersr==6,
' 7=5 around 2 MeV excitation energy, with decay to thg,2
H=e_ng,+e,Ngy+ k,;Q,.Q,+V,  +V,,+M_,, o=6, 7=4 state. In Tabl'e 1, the relevalB(E2) properties
2) are shown in more detail. We note that there is another ex-
perimental 4 state in this energy region, at 1883 k29
with This state was observed in the,p’) reaction withL=4

064309-6



STATES IN %Pt OBSERVED WITH THE ,n’y) REACTION PHYSICAL REVIEW C 65 064309

25 : TABLE lll. Experimental and calculateBE(2) transitions in
& . o= e’b?. The effective charges were adjusted to reproduce experimen-
5 0=2t=0 tal B(E2;2,—0,) in the IBM-2 calculation. The samg2 boson
a2r4 J1:=4 ———) 1:=20+ chargeseg,=eg,=0.154 eb for both the IBM-2 and the S(@®)
| 52: i__,——‘l,_ =) =_ 2 calculation, and the samgs as in the Hamiltonians were used.
4+ \——__::%::2 _ °=4 T=__12+
165 Sy k3 . o 196py Expt.[30] IBM-2 S0(6)
] 4* :—L =4 __-0 T_—O‘“ + +
E e — =3 B(E2;2/ —0;) 0.2741) =0.274 0.286
N gl ——  —=3 B(E2;25 —2;) 0.3689) 0.348 0.374
4 —— =2 B(E2;2; —0;) 0.0001 0.0007 0
(2 ——— T 3 196Pt B(E2:4; —27) 0.4056) 0.361 0.374
0.5 =2 B(E2;6; —4]) 0.49460) 0.366 0.381
L — | B(E2;0; —25) 0.12269) 0.351 0.381
o s B(E2;0f —2) 0.01910) 0.0018 0
2 7E_Xp-1]3_NI--ZS_O(6) Exp IBM-2S0(6) B(E2;4; —4]) 0.11541) 0.165 0.181
B(E2;4; —25) 0.19661) 0.190 0.200
FIG. 5. Experimental and calculated excitation spectrum ofB(E2;6, —4,) 0.33188) 0.214 0.230
'9%Pt. The arrows show strong transitions from the new observe(E2;4; —2;) 0.0041) 0.0002 0
level 1804.76 keV. Herer and = are the S@6) quantum numbers  g(E2:6; —47) 0.00329) 0.0004 0
associated with the levels. B(E2;2{ —0;) 0.03434) 0.108 0.124
with a substantiaB(E4) value. Most likely, this is a hexa- B(E2;2; —4) 0.00098) 0.0002 0
decupole(or g-boson state outside of the,d-IBM model ~ B(E2:25—2;) 0.001816) 0.0000 0
space. The tentativel=(3") assignment of the new B(E2;25—0;) 0.000022) 0.00001 0
1804.76-keV level contradicts the IBMB(E2) calculation B(E2;05—2;) <0.0028 0.0016 0
(see Table ). The proposed=>5,4" SQ6) assignment is B(E2;0; —27) <0.034 0.022 0
consistent with a 4 spin-parity assignment for the 1804- B(E2;4; —23) ? 0.112 0.130
keV level. B(E2;4; —43) a 0.0185 0.0209
A new 3" level at 1831.69 keV and a proposed 3tate  B(E2;4, —2;) a 0.00001 0
at 1883.24 keV were observed in the present experiment. IB(E2;4; —27) a 0.000 02 0
the IBM-2 calculations, 3 and the 3 states are predicted at B(E2;4; —37) a 0.000 02 0
2065 keV and 2333 keV, respectively. The first one can be&(E2;4, —4;) a 0.000 03 0
associated with the S6) o=6, 7=6 state, while the other B(E2;4; —4]) a 0.000 02 0
is more influenced by thé--spin mixing and, therefore, B(E2;3; —22) a 0.0689 0.076%8
an SQ@6) assignment is not appropriate. The predicted decag(g2:3; . 37) a 0.000 00 0
of these states is presented in Table Ill. A candidate for they(gp.37 . 21) a 0.000 02 0
0=6, 7=6,3" state would decay predominantly to the B(E2:3; —4;) a 0.00001 0

o=6, 7=5,2" state at 1677 keV, with a transition too low
in energy to be observed in the present work for initial state§Absolute B(E2) values are not measured experimentally; calcu-
at~1.8 MeV. latedB(E2) values are quoted for reference.

The 3" state at 1831 keV could be a candidate for the’B(E2;3] —27) in SO®).
o=6, 7=6,3" state, because it is observed to decay to the
3% state at 1015 keV, albeit with a mixdg2/M 1 transition,  tron source. A total of 13 new nonyrast levels below 3 MeV
which would only be one degree dfr forbidden. The as- Were observed in this well-studied nucleus. Excitation func-
signment of collective character within IBM-2 for the 1883- tions and coincidence analysis of the measuyedhys and
keV level is premature, given the uncertainty in the placeiheir intensities were used to expand the partial level scheme
ment of transitions to the possible doublet of levels at thisof '*Pt. Spin assignments were made using all available
energy. Of course, levels above 1.8 MeV in excitation aredata. IBM calculations with broken $6) dynamical sym-
also candidates for two-quasiparticle states, which would b&etry were performed. A new experimental level was found
outside of the collective IBM-2 model. Further discussionsto be a prime candidate for thE'=4", 0=6, r=5 IBM
of possible IBM-2 or S@6) assignments to the experimental state.
levels in 1°%Pt have to wait until additional experimental in-
formation, in particulaE2/M 1 mixing ratios, has been mea-
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