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Intruder structures in "°Se
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High-spin states in>Se were populated via th&Ti(3°Si,2pn)">Se thin-target reaction at 90 MeV and
studied usingy-vy techniques. Ther=+ band was extended to th%ﬁ) level, and a return was observed to
the larger signature splitting characteristic of the lower-spin states. Two separate band structures were observed
above the band crossing in the negative-parity bands, 4%in [S0556-28189)05202-4

PACS numbgs): 23.20.Lv, 21.10.Re, 21.60.Ev, 27.5®&

The role of quasiparticlesqp) in intruder and unique- tion[6] established high-spin states, populated ufto and
parity orbitals in theA~80 region has recently been studied £~ in the °Ge(a,n) reaction. The latedi3] investigation

rather extensively. The unique-parityy, orbital plays a _extended the positive-parity sequence t&)( and the

large role in the structure of yrast and near yrast high-spi o mar 9 : 59~ (19 e ;
states in this region, and band-crossings are invariably interr?zegat've parity o’ in the “Co("F,2pn) thick-target reac

. . . tion. Lifetime measurements for eleven states were per-
preted as due to alignments of a pairgaf, particles. Qua- formed
siparticles in these low¢ Nilsson orbitals arising out of the '

: : In the present investigation dPSe high-spin states were
Og2 @nd the intrudeds,, andh,,,, spherical shells often have : A5 30 : :
very strongy-driving effects, and can lead to large values ofg(?pu'atEd in the®Ti( _S"an) reac'gon using a 90 MeV
B,. In the cases of ’Kr [1] and 8Sr [2] high deformation Si beam from the Florida State University Tandem-LINAC

has been attributed to the strong polarizing effects of thdacility. The 190 uglcn? thick target was enriched to 99%

in “8Ti. Prompt y-y coincidences were detected using the

l . . . . .
[431]5 Nilsson state arising out of the,, intruder orbital. Pit-FSU combined detector arrdy] with ten Compton-

Strong similarities as well as illuminating differences suppressed Ge detectors. and analvzed USiN®ADRVARE
have been observed among thie 41 isotone$3]. A highly- pp ' aly ®
deformed negative-parity band with properties somewhat inLB] softwar_e. Result; are sumr.n.anzed fo.r sele_qed levels and
termediate between those of normal and superdeformed rgl€cays, with energies, intensities, multipolarities, DCO ra-

tational structures was recently observed ;ﬁKrM [1]. A fuos, a_nd spin assignmer;tf ing'l;able;.is normalized to the
. 1 . L intensity of the 801 ke\2 " — 27 yrast decay, whose value
neutron in thg 431]; orbital arising from thels,, sub-shell

helb drive thi hiah def i was set to 100. Altogether 21 new transitions were identified,
appears to help rve t 'S@ strgctqre to 5'9 eformation tentatively, leading to 15 new excitation states, of which
(B,~0.37). A previous investigation of;Se;; [3] gave

: . : S . _ .__one is tentative. The present level scheme is shown in Fig. 1.
hints of a p0_55|ble _forkmg behavior in ;he high-spin r€dI0Np|acement in the level scheme was determined from relative
of the negative-parity sequences, leading to the poss'bl'l't¥ntensities and coincidence relationships

of a h|ghly-deforme_ci 3qp structure in this nucleus. In the usual method, DCO ratios were obtained by gating,
An interesting signature-splitting pattern has been ob-

served in the yrast positive-parity bands BBe and7’Kr. whenever pogsible, on known electric quadrupole transitions,
Changes in signature splitting with gp alignments have beefnd these ratios are fgimd n CO'”'ﬁéCQ' It was necessary
interepreted as due to changes in the triaxiality shape pararf US€ the strong ™ — 3286 keV transition for determining
eter y caused by competition between the opposingmany of the ml_JItlpoIarmes in the negative-parity structures.
y-driving effects of quasineutrons and quasiprotons. Beford he DCO of this unstretched electric-dipole transition when
the present work, the yrast band 6%e was not known in gated by arE2 is predicted to be<0.74 if there were inter-
the 5gp region, where inverted signature splitting was preveningAl =1 transitions, and~0.7 otherwise. This is con-
dicted. sistent with the measured value of 081 When the 286
The present investigation of the high-spin structure ofkeV transition is itself used as the determining g&2,tran-
>se was undertaken to look for a possible high-lying,SitiOI’lS should have a DCO ratio ef1.41, and an unmixed
highly-deformed negative-parity band and to explore signaM1 should have a DCO ratio 06£0.70. DCO ratios mea-
ture splitting in the 5qp region of the yrast positive-parity sured in this way appear in columﬂ%co. Multipolarities of
sequence. Earlier investigatiof,5] into low-spin states of the transitions were assigned based on the DCO ratios where
5Se throughB-decay studies of °Br provided the initial  possible, and on systematics where not. In the latter cases,
level scheme information for this nucleus. Further explorathe spins are shown in parentheses where no previous assign-
ments were found in the literature.
The present work confirms previo(i3—6] results in the
*Present address: Los Alamos National Laboratory, Los Alamosyrast positive-parity sequencésands 1 and 2 Three addi-

NM 87545. tional transitions, of energies 1395, 1578, and 1795 keV
Present address: Physics Division, Argonne National Laboratoryvere added to ther=+3 signature, with DCO ratios ob-
Argonne, IL 60439. tained for the first two consistent with stretche@ transi-
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TABLE |. Energies, intensities, and DCO ratios of selected 1
states andy decays in’°Se. (41/2%) 10242
75
Ex (kev) I I E,keV) 1, Rbeo Rbco 34se41
1795
5474.9 2+ B+ 1276.94) 10 0.928)
2+ 6442100 4 0.566) 3772 Laser
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6171.5 3+ 21+ 1341.1100 10 1.0314)
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4268.7 2~ 1~ 978510 4 1.3713 /2 252 0 \565 e 286075 | o
2839.0 i~ L~ 93511 12 1.0215 15315 o 1072t (;1;/2 2 &0 myrime Y
P 44981) 8 07715 0.776) S ads | N s e
33045 ¥~ - 46541) 8 0569 0.708) o 3 PN Y s ) 0
1910 170 § 15/2+ 1904 o
L- [9151)] 1 1.7%49) 740 L B
3644.9 2~ i~ 806.41) 9 0988 13712 W 57 a27 o/ 4097401“86
P~ 34041 9 0529 0.686) IR0 | /o w78 [ 3 !7,2_
- 774610 2 08020 ™ [T o )
P77 e
- 357710 4 0.81(11) . S C- S F81i¢‘41 =
47052 £~ Z- 1060.32) 5 1.103) 1.5224)
L- 439020 2 0.9312) FIG. 1. The level scheme of°Se deduced from the present
6057.9 2~ 2~ 1352710 4 1.4219  work.
7648.1 ¥~ 2~ 1500.210 2 1.73298)

signature. The observed crossing frequency38e [3] for
%Combined DCO ratio of doublet. the o=+ 3 signature occurs over the same range as seen in

tions. This extends the favored baqt) to 10242 keV at in “'Kr, whereas th@‘ 2 Crossing was pbserve[da] to

o ais oL occur sharply at a slightly lower value éfw just under 0.5
J7=(%"). The a=—73 signature(band 3 has been ex- Mev. The previously predicte§i3] second alignment of a
tended by two transitions, of energies 1341 and 1583 keV, tQ.q ., pair has been observed for the first time’fie in the
an excitation energy of 7755 keV, with firm spin aSSign'present work, ati w~0.8 MeV.
ments based on DCO ratios of near unity establishing a spin Figure 2 shows the normalized energy differences, calcu-
and parity of J7=3" for this state. Two additionaM1 |ated as[E(I)~E(I—1)]/2| and plotted as a function of
transitions, of energies 644 and 697 keV, connecting the SiGangular momentum, for the positive-parity band< fKr and
nature partners were likewise added to the level schem&5ge A return to increased signature splitting at 8¢
Also found was a 1424 keV transition, in clear coincidencesiaie has been observed for the first timéi8e. The overall
with yrast decays up to thg " level at 4198 keV. As this  gjgnature splitting pattern now appears qualitatively similar
transition is also in strong coincidence with the yrast seyg that of 77Kr, although there are some quantitative differ-
quence in"Br and no continuation of a side-feeding band ences. The pattern is also similar to what has been seen in the
based on this transition was found, it was not shown in they— 43 isotones’’Se[11] and "°Kr [12].
level scheme. _ _ o -~ These changes in signature splitting have been interpreted

As discussed in previous investigations, the positiveto, 77k [9,10] and 7°Se[3] as due to changes in the triaxi-

parity bands are built on thege, unique-parity orbital  gjity shape parametey. Quasineutrons lying higher in the
[422]53" in both °Se[3] and "’Kr [9,10]. In these nuclei the g, shell tend to drive the nuclear shape toward the negative-
first band crossing has been interpreted agjg, pair align- vy direction, while quasiprotons lower in the shell lean to-
ment due to neutron Pauli blocking. The proton alignment inwards the positivey direction. This “tug-of-war” varies
"/Kr had been observeld.0] at a rotational frequency range with the balance of quasiparticles, which changes with each
of Aw=0.5 to 0.6 MeV for thea=+3 signature, with a subsequent pair alignment from an extra neutron to an extra
much sharper alignment dtw~0.5 MeV for thea=—3 proton and back to an extra neutron. A signature inversion
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FIG. 2. Normalized energy differencé&(l)—E(1—1)]/2I in 2 F
the positive-parity bands if°Se and”’Kr. The signaturex is in- = YT
dicated in the legend. S a0 b
= 1
_ . ) 20 |
with the @ = — 3 signature favored was predictgg] to occur : = ;
at high ¢:»=0.65 MeV) frequency. Although a reduction is 10r i
seen in the measured signature splitting, the inversion does ol
not occur, and at the higher frequencies an increase in the 00 01 02 03 04 05 06 07 08 09 10
normal signature splitting is observed. This would be consis- Rotational Frequency icxMeV)
tent with a return ofy to negative values in the 5gp region, ) N 2 o
rather than the predlcted Change.)te, 300. FIG. 4. KinematicJ and dynamIC] moments of inertia for

The lates{3] investigation established the negative-parity ¢ negative-parity bands iN=41 iso“_?’gesmse_ and"Kr. The
sequencegbands 5 and 6to %—’ and at the highest spins subscript “gs” refers to bands 5 and 6 Se, while “3qgp” refers
IIlO bands 3 and 4.

there was found to be a duplication of states, with two eac

of the Y ~ and %~ levels, though the spin and parity of the

1 level decaying via a 1041 keV transition was only tentatively
2500 8 PSem=- ] assigned.

] The present work confirms these levels, including the du-
plication of spin states. Each of these branches was extended.
= ] The 1041 keV line was found to be a doublet of two
N 1 stretchedE2 transitions. An 1114 keV transition feeds into
this doublet, extending band 6 to 5585 keV with a tentative

assignment ofl™=(%4."). A stretchedE2 transition of en-
ergy 1013 keV feeds into th¥ ~ state at 2870 keV, extend-
ing band 5 to 3883 keV. A 1153 keV transition is tentatively
placed as feeding into this new level, but could not be un-
100 200 300 400 500 600 700 800 900 1000 equivocally placed due to relatively weak statistics and con-
500 g O asanes rre O aaaazs aaaant e e 2 tamination from competing channels. These two bands,

E 286 keV E based on energy spacings, are believed to be the extension of

E gate 3 . .

4003 3 the low spin structure after the band crossing. All of the

E E negative-parity transitions, both old and new, may be ob-
served in the spectrum gfrays coincident with the 286 keV
transition, seen in Fig. 3.

The rest of the new transitions seen in Fig. 3 were found
to feed predominately into the states previously established
above the 935 and 899 keV transitions. Tdae — 3 signa-
ture (band 4 was extended by one transition of 979 keV
feeding the} ™ state at 3288 keV, and the= + % sequence
(band 3 by four transitions, with energies of 806, 1060,

e ——

2000

=331
- 461

1500

COUNTS

1000

500

COUNTS

1000 1100 1200 1300 1400 1500 1600 1700 1353, and 1590 keV feeding thg ~ state at 2839 keV. A
Energy (keV) 1369 keV transition, though in coincidence with many of the
negative-parity transitions, could not be placed in the level
FIG. 3. The spectrum of rays in coincidence with the 286 keV scheme.
3-— 3" transition in "°Se. These new sequencélsands 3 and ¥show some simi-
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larities with the high-lying highly deformed bands found in their first alignments. This is an indicator that the new struc-
"Kr [1]. Though the more highly populated signature in thetures are inherently three quasiparticle in nature. These states
high-lying bands in”’Kr is opposite to that of°Se, both  decay weakly out of band. THR(E2) strengths for the de-
sequences appear more deformed and are more stronghgys out of the new bands iA’Kr [1] were found to be
populated than the ground-state sequences in their respecti¥gynificantly weaker than those for the in-band transitions. In
nuclei above the band crossing. Like it&r counterpart, the single case where &® branching was observed fiSe,

this sequence “bleeds out” to various available negativetpe B(E2) strength for the out-of-band decay from the 3645

parity states. _ , . keV 2~ state was found to be 18% of that of the in-band
Figure 4 shows the kinematigop panel and dynamic cay

(bottom panel moments of inertia for the negative-parity An
bands of "*Se and’’Kr. The behaviors of both nuclei are
rather similar. The first crossing in the= + 3 signature for K 77
75Se occurs over a range dfo=0.45 to 0.5 MeV, in a ownin K.

. 77 .
reasonably gradual fashion, which is consistent with previ-3 Thsl:rsljtl:ltt?e };gttrc]lz Sseelnervélg ?;;?O'Ffﬁ: fg\’ﬁgﬂ ticr)] hal;/aenZS
ous result§3]. The alignment in’’Kr [1] is likewise gradual, 9P y ying ’

: 5 . and capable of driving the shape to a higher degree of defor-
idnelt?]);eg Lel_""tl'vzi;ijsrgg ?ct))r()ll;t)?ﬁoiu'\c/:llz \i/'a-rrgesﬁgggmaeg;snmation than the other known bands — but not to a 2:1 axis
2 [}

. ; . ratio. In analogy to the intruder structure in the heavier iso-
occuring about 0.05 MeV earlier in Se Giw . . , ) .
~0.50 MeV), relative to 7’Kr (hw~0.55 MeV). This tope, a possible configuration for the excited 3gp band in

alignment has been interpreté@] as agey, proton band 5S¢ is¥[431]; @ 73123 © w4405 "

. _ . . In summary, high-spin states iiSe were populated with
crossing on top of the[301]5~ ground-state configuration the “8Ti( S 2{)”) greacF'zion at 90 MeV and F())bzerved using
[13]. . ’ e .

L . the Pitt-FSUvy-detector array. The yrast positive-parity band
The curves for the moments of inertia for the excited 3quas extended into the 5qp region where the signature split-

tsrﬁreugr'}l;ens]alt?c Z%tdh dn%c;rer:isrrﬁo?rl]rgr?tsst ;?gr\]/tgal'resﬂlegﬂgﬁg&tjng was found to differ from earlier predictions. A new 3qp
ing little evidence ofyali nments. The kinemat)i/c m%me;lts sed egative-parity band structure was observed. various prop-
9 g ' erties, such as a higher, more constant moment of inertia and

a gradual reduction at higher frequencies, but remain abov eak decays out of band, are similar to those of a highly-
the moments for the ground-state sequences, whereas the Yetormed band recently observed TKr.

namic moments are almost flat.
As was the case iff’Kr, the new band in’°Se is not This work was supported in part by the U.S. National
observed below an energy region where known bands sho®cience Foundation.

additional £~ state at 3304 keV connected with the
new band structure was seen iSe. No counterpart is
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