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Identification of the J™=1" two-phonon state of 88Sr
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The linearly polarizedy-ray beam produced by the K6 facility has been used to determine the parity of
two previously known dipole excitations f#¥Sr. The azimuthal asymmetry efrays produced in the process
of nuclear resonance fluorescence indicated that the dipole state at 4.742 MeV, recently discussed as a new
form of M1 excitation, is in fact a1 (E1) state. The 1 state at 4.742 MeV must, therefore, be reconsidered
as theJ”=1" member of the quadrupole-octupole coupled two-phonon multiplet. A second state at 7.535 MeV
was also assigned™=1".
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Particularly interesting cases of multiphonon excitation inthe ®Mo nucleus[9]. Obviously, the confirmation of the
complex nuclei are those that involve different constituentparity assignments of Kebler et al. is of significance.
phonon modeginhomogenous phonon couplinguch as the It was recently demonstrat¢@i0o—12 that the high flux of
2"®3" quadrupole-octupole couplingQOC) [1,2]. This  quasimonochromatic, polarizegrays available at the HIS
multiplet is expected to consist of five states having spin andacility opens up a new generation of nuclear structure stud-

parity quantum numberd™=1", ...,5, which should de- ies using the NRF technique. In particular, the high degree of
cay through collectivee2 andE3 transitions to the 2 and  polarization of the intense-ray beam at the HIS facility
3~ constituent one-phonon states. [13] leads to a new degree of efficiency and accuracy in the

The center of gravity of the two-phonon multiplet is ex- assignment of parity quantum numbers in nuclear dipole ex-
pected in a harmonic phonon coupling scheme to lie at theitations. In the case of resonant, elastic scattering of fully
sum energyE,+3-=E(2")+E(37). Recent systematic polarizedy rays off aJ=1 level in an even-even nucleus,
photon scattering investigations have demonstrated that thtae asymmetry can be written in terms of the angular corre-
1~ member of the multiplet occurs in most nuclides at enerdation functionW( 6, ¢), where ¢ represents the azimuthal
gies a few percent below the sum enefgy], i.e., showing angle between the direction of the scattereday and the
moderate negative anharmonicity. It came as a surprise tgolarization plane of the incident beam. At a polar angle
find the only reasonable candidate for the®3~, J"=1" =90° one obtains
state in theN=50 closed-shell nucleu&Sr to be at 4.742
MeV [5], an energy value larger than the two-phonon sum
energyE,+.3- = 4.570 MeV. Consequently, since the parity o W(90°,0°—W(90°,909
of this J=1 state at 4.742 MeV was not measuféd, its >(90%)= W(90°,0°) +W(90°,909° @
two-phonon nature was questiongg], despite the fact that
the dipole decay transition strength is close to the measured
B(E1) value for the 3—2" transition, a signature for The value of£(90°) is+1 foraJ”=1" state and-1 for a
quadrupole-octupole collectivity6]. J7=1" state[14,12. In the present experiment, the 8

Following this, Kaibler et al [7] performed an experi- facility was used to produce nearly monoenergetic, 100%
ment to measure the parity of this dipole state using Complinearly polarizedy-ray beams at energies of 4.74, 5.02, and
ton polarimetry in an on-axis bremsstrahlung-induced7.54 MeV. The typical energy resolutidfull width at half
nuclear resonance fluoresceribiRF) experiment. The result maximum of N, (E)] was about 3%, and was obtained by
was a small positive asymmetry, which pointed toMrd  collimating the beam using a 2.54-cm-diameter collimator.
character for the electromagnetic excitation mechanism leadFhe typical intensity of the beam on target was measured to
ing to a 1" assignment for the state &=4.742 MeV in be~1C® y rays/sec, with a maximum observed intensity on
883r[7]. Although such a 1 state could not be understood in target of 10 y rays/sec.
the framework of the quasiparticle phonon mo@@PM) [7], The target consisted of 3.24 g/énof "SrF, powder
it was later suggestd@] that this state might constitute evi- contained in a thin-walled plastic cylinder, 5.37 cm long with
dence for a new type of nuclear excitation: a “dynamic scis-a 38 mm inner diameter, having its axis oriented along the
sors mode” in a semimagic nucleus, having properties simibeam direction. The target was surrounded by four 60% ef-
lar to those of the mixed-symmetry two-phonoh §tates in  ficient HPGe detectors at=0°, 90°, 180°, and 270°, all at
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#=90°. The detectors were located 10 cm from the axis obbserved valuestypically ~0.7) in order to make parity

the beam. Further details of this setup were presented iassignmentéwhich require only that we distinguish between

Refs.[12,15. +0.7 and—0.7), corrected values were generated by per-
The energy calibrations of the-ray spectra were per- forming a Monte Carlo simulation for the sake of complete-

formed using “natural” background lines observed during ness. The measured and the corrected values of the analyzing

the actual measurementd.4608 and 2.6145 MeVand powers are presented in Table(rote that the “corrected

y-ray lines from the decay of'B, which was photoexcited values” do not include a correction for any instrumental

to its 3/2" state at 5.020 MeV. The instrumental symmetry ofasymmetry and that they are consistent, within error, with the

the detector setup was measured by means?fRa source  value of —1.0 expected for a 100% polarized bgam

mounted at the target position and by the 5.020-MeV line The results indicated that both states have an electric di-

from B. A fifth HPGe detector was located 2.5 m down- pole (E1) excitation character. AM 1 character can be ex-
stream of the target and behind a lead attenuator and pinhotduded by 14 standard deviations for the-%:0* transition
collimator for the purpose of monitoring the beam intensityat 4.742 MeV and by more than seven standard deviations

and tuning the beam energy.

perpendicular to this plang) are shown in Fig. 1 for inci-
dent y-ray energiesE,=4.74 MeV (left) and 7.54 MeV

: _ for the 7.54-MeV T —0" transition in 8Sr.
The total spectra obtained from the detectors in the polar- Previous speculation about a positive parity structure near
ization plane of the incident beafg) and from the detectors 4.7 MeV in 8Sr is clearly invalid. Thel=1 state of88Sr at

4.742 MeV has negative parity and must be considered to be
the best candidate for the*Z3~, J7=1" two-phonon

(right). By inspection it is obvious that the dominant yield state. A confirming 2008-keV collectiié2 transition to the

for the v rays corresponding to levels at 4.742 and 7.5373" octupole state at 2.734 MeV, expected if the 4.742-MeV
MeV is in the detector mounted perpendicular to the polarstate is indeed the two-phonon state, was not observed above
ization plane of the beam—indicating negative parity forbackground. Assuming8(E2;1”—37)=B(E2;2*—0")

both states. These results were verified by rotating the detee= 167(5) e? fm* ([16] adopted valuefor the strength of the

tor assembly by an azimuthal angle dt=90° around the
beam axis in the case of the 4.742-MeV level.

The finite geometry of the target and detectors leads to a
deviation of the observed analyzing powers from their ideal
values of=1.0. Although it is not necessary to correct the

1~ —3~ E2 transition, however, indicates that we should
expect in this case a branching ratio

BR=T(1"—-37)/[(1~—0")=0.04610).

TABLE |. Measured and corrected asymmetries and parity quantum number assignments along with

previous results.

Previous asymmetry measurements This work
EX 3 J7 Emeasured 2corrected J7
(MeV)
4.742 0.115) @ 1*a —0.63(9) —0.89(13) T
7.54 b 1° —0.75(18) —1.06(25) T
3Referencd7].
bReferencd 20].
‘Referencd 19].
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Based on the background count rate at the transition energyents,J"=1", in both cases. The recently claimed &s-
of 2008 keV in our spectra, we can infer an upper limit of signment for the 4.742-MeV level must be considered an

R<0.25, not in contradiction with the expected value for aartifact probably generated by an underestimate of the uncer-
two-phonon structure. tainties for the(smal) Compton scattering asymmetry, being

The E1 transition strength B(El;l’—>01*):0_9(2) a few percent in size, due to some ambiguities in the back-

X103 e? fm? [4,5,7] is close to the valueB(E1;3;  ground subtraction procedure applied in that analy/s&].
—27)=0.764(4)<10°% e?fm? ([16] and references The 1” state at 4.742 MeV must again be considered as the

therein. This fact represents another argument in favor of?€St candidate fc_)rgghézl member of the 203" two-
the two-phonon character for the State since it follows the ~Phonon multiplet in™Sr on the basis of the empirical corre-
empirical correlation6] of quadrupole-octupole collective lation of theE1 strengths for the 1—0; and 3 —2; tran-
E1 transition strengths. A parameter-free understanding o$itions. The anharmonicity of this two-phonon Istate is

the positive energy anharmonicity positive. This fact is not yet understood. The negative parity
of the 1 state at 7.84 MeV leaves no known levels above
E(17)—[E(27)+E(3])] 3.5 MeV that are candidates for the previously deb#ie]
1 1 8
= - - =+0.038 M1 resonance of®sr.
E(27)+E(3;)

in 88Sr is a challenge for nuclear structure theory. The de- We thank the personnel of the DFELL for providing ex-
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monicities of so-called double-two-phonon states in de- uncertainties in previous Compton polarimetry work 8.
formed nuclei, e.g.[17]. An understanding of the anharmo- N.P. thanks Z. Berant, P. von Brentano, R. F. Casten, U.
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