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A set of measurements consistingyfay excitation functions and angular distributions has been performed
using the @,n’ y) reaction on*%Cd. Gamma-ray excitation functions allowed us to clarify the level scheme by
placing ten new transitions and to establish one new level. Framy angular distributions, the lifetimes for
16 excited states were extracted using the Doppler-shift attenuation method. The experB{&&3
B(M1), andB(E1) values of transitions from intruder, octupole, and three-phonon states are compared to
different theoretical models.
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[. INTRODUCTION coexistence. A portion of these results has been presented in
Ref. [17] in the context of the collectivity of the three-

The Z=50 mass region is very favorable for nuclear phonon states.
structure studies due to the large abundance of stable iso-
topes combined with the interesting feature of neutrons at
midshell and protons near the=50 shell closure. In this
region, 11%Cd emerged early as a classic example of a vibra- Gamma rays were observed following th#Cd(n,n’ y)
tional nucleuq1,2]. However, although the excited nucleus reaction with the facilities at the University of Kentucky ac-
showed the two-phonon states expected for a vibrator, addeelerator laboratory18]. For the excitation function mea-
tional levels were observed forming a deformed band up t®urements;y-ray spectra were recorded in 0.1-MeV incre-
J7=6" [3]. These states were interpreted as evidence ofents of incident neutron energy, and angular distribution
shape coexistence, where two-particle—two-H@je2h) ex-  measurements were performed at two neutron energies. The
citations across th&Z=50 closed proton shell drive the approximately monoenergetic neutrondH,~100 keV)
nucleus into deformatiof4]. Both types of excitations have for these measurements were produced with th€p,n)
been studied up to higher spin by Keghal. [5]. reaction. Protons from the University of Kentucky Van de

Numerous experiments have been performed to develo@raaff accelerator were pulsed at a 1.875 MHz rate with a
the %Cd level scheme, utilizing a wide variety of tech- pulse width of <2 ns. The pulsed proton beam with an
niques, including transfer reactiori§,7], inelastic proton average current of 1.8&A was focused through an gm
scattering[8,9], beta-decay measuremenfs-12], inelastic  molybdenum entrance foil iata 1 cnmx3 cm tantalum-lined
neutron scatteringl3,14], and the ¢,2n) reaction[5,9]. An  stainless steel gas cell containing approximately 1 atm of
extensive level scheme has been developed, including liferitium gas. The scattering sample consisted of three ingots
times for the excited states with high spif5,16. Some  of cadmium metal, enriched to 97.25% itPCd, arranged in
years ago, the nature of low-spin states was studied state kynearly cylindrical geometry with a diameter of 1.2 cm and
state through in-beam techniques and many multiphonoa height of 2.4 cm. This scattering sample was suspended 3.0
states were proposg¢d?2]. However, because of the absencecm from the end of the gas cell.
of measured lifetimes, complete characterization of these
states was not possible.

With the aim of extending the knowledge of lifetimes of
low-spin states, measurements at the University of Kentucky A vy-ray excitation function measurement was performed
Van de Graaff facility have been performed using thewith the aim of clarifying the decay scheme of low-spin
Doppler-shift attenuation methd®SAM) following inelas-  states. It consisted of varying the energy of the incident neu-
tic neutron scattering. The experiments consistedygfly  trons from 2.1 to 3.4 MeV in 0.1-MeV steps. The experiment
excitation functions and angular distributions. The formerwas performed using & 50% (relative) efficient HPGe de-
allowed us to extend the level scheme by ten new transitiontector located 125 cm from the scattering sample. The detec-
and add one new level. The latter yielded lifetimes of 16tor was placed inside a BGO anti-Compton shield and had an
excited states in'*®Cd, in particular for the three-phonon, energy resolution of 2.0 keV at 1.33 MeV. Time-of-flight
intruder, and octupole states. In addition, multipole mixinggating was used to reduce extraneous background events.
ratios were measured. The complete data set is comparddgure 1 shows they-ray spectrum acquired ag,
with different theoretical descriptions incorporating shape=3.4 MeV. Figure 2 shows excitations functions for se-

lected y rays. In all cases the branching ratios of the used

transitions were considered in order to extract the experimen-
*Electronic address: frederic.corminboeuf@unifr.ch tal excitation function yields. The theoretical excitation func-
"Deceased. tions were calculated with the prograbmpy [19], and the

1. EXPERIMENTAL RESULTS

A. y-ray excitation functions
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determining the energy of @4 ray emitted at various angles.
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v

1163.1+1157.2

10 £ _of respect to the recoil direction is given by
1 E,(8)=Eq[1+ BF(7)cosd,], D
« R
1007 é £ g § g .2 2 E §* o
fofmae] 27 gt @ B By ' whereE, is the unshiftedy-ray energy angg=v/c, with v

the recoil velocity of the nucleus in the center-of-mass frame.
The lifetimes of the states can be determined by comparison
of the measured (7) values with those calculated using the
Winterbon formalisn{21]. A description of the method can
be found in Ref[22].
The 2.9-MeV measurement was performed with spectra
recorded at 11 angles using the same detector placed inside a
2100 2200 2300 2400 2500 2600 2700 2800 2900 3000 3100  BGO anti-Compton shield and the same geometry as for the
E_[keV] y-ray excitation function measurement. The energy resolu-
v tion was 2.2 keV at 1.33 MeV. The experiment at 3.2 MeV
FIG. 1. Gamma-ray spectrum acquiredB4=3.4 MeV. The  Was performed with spectra recorded at seven angles using a
prominent peaks fromt'%Cd are labeled with their energies in kev. ~50% (relative) efficient HPGe detector located at 112.5 cm
Peaks marked with C are contaminants. from the scattering sample. The 2.9-MeV measurement was
used for the lower-lying states, in order to minimize the ef-
data were normalized to the calculated values using leveltects of feeding.
with known spins. The relative shapes of the excitation func- The energy calibration of the detectors was simulta-
tions also proved helpful in assessing the possible spin vakeously monitored through the use of radioactive sources of
ues; however, it is not possible to determine the parities of“Na, 6%Co, and'**Ba during the acquisition of the in-beam
the states. Therefore, we adopt, in general, the same paritigpectra. Becausg rays from the ,n’ y) reaction and those

Counts (10°)

as given in Ref[20]. from the radioactive sources are recorded simultaneously,
reliable Doppler shifts can be measured even when these
B. y-ray angular distribution shifts are quite small, i.e., 0.1 keV. In fact, the energy shifts

Gamma-ray angular distributions measurements were peff the in-beamy rays relative to the internal calibration lines
formed at neutron energies of 3.2 and 2.9 MeV. The lattePr to othery rays from long-lived(>2 p9 states largely
energy was chosen to avoid the population of higher-lyingdetermine the precision with which lifetimes can be mea-
levels which could feed the states of interest and perturb theured. In order to take into account all transitions depopulat-
measured lifetimes and to maximize the population of theéng a level, we have combined the results from these transi-
levels of interest. tions to obtain a weighted average valueF{fr) for each

level. Examples of levels with lifetimes too long to be deter-

00— " 00— 100 mined by DSAM are presented in Fig. 3. In Figs. 4 and 5, the
sof sof vy-ray energies, measured Bt=2.9 MeV, are plotted as a

i 6ot function of angle for the most intense transitions from levels
Ly af of interest. In order to test the lifetimes obtained, we have

[}
=3
T

N

20 compared our values with previously published results from

Refs.[15,16. As Table | shows, the results are in agreement
with the literature values. Because of the large uncertainty of
the lifetime for the three-phonon6state in our measure-
ment, the value from Refl6] was adopted which, while in
agreement with our value, is more precisee Table)l

The y-ray angular distributions performed aE,
Z & o _—— =2.9 MeV were fitted with a Legendre polynomial expan-
28 30 32 34 242628303234 sion, allowing us to extract multipole-mixing ratios for the

Neutron energy [MeV] y-ray transitions from the levels of interest. When two

FIG. 2. Excitation functions fory rays from levels with known ~Values were possible, the one in better agreement with the
spins[4* (2561, 0* (2662], the 403-keV and 1824-key rays  tabulated values in Ref§5,20] was chosen. In Table Il the
from the 2482-keV level, the 1157-key rays from the 2633-kev ~ €xperimental values are compared with those from previous
level, and the 1674-ke\y rays from the 2332-keV level compared measurement{®,20]. Figure 6 presents results of the angular
with calculations from the programinpy [19]. distribution analysis for a few transitions ét°Cd.
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FIG. 3. Measuredy-ray energies as a function of cas for FIG. 5. Same caption as Fig. 4, but for additionafays.

transitions with lifetimes too long to be determined with the .
DSAM. sitions of 1125.7 and 1783.6 keV. An additional 310-keV

transition depopulating this level was observed by Meyer
Il LEVEL SCHEME and Pekef3] in their study of **%Cd from 8 decay and by
Araddadet al.[13] in their study of1%Cd with the f1,n’ y)

In this section, we discuss levels which were expected t@eaction. Thisy ray was also observed in our study and, on
be observed but were not, those for which the decay is rethe basis of its excitation function threshold, it was also
vised, and a new level. Transitions were placed on the basigiaced as depopulating the 1783.6-keV level. In contrast to
of the excitation function thresholds and froparay energy  earlier work, its relative intensity was determined.
arguments. The experimental results are summarized in 1809.5-keV levelThis level was first observed by Saran-
Table lil. Some levels observed in transfer reactions have ngtes et al. [23] who proposedi™=(1,2)* based onil®in
known decay; from our data these levels cannot be confirmed
and they must be regarded as doubtful. We placed 77 of the TABLE I. Measured lifetimes and comparisons with values
128 y rays assigned t6'%Cd in the measurement performed from previous work16,20.
at E,=3.4 MeV during they-ray excitation function. The

energy calibrations of the spectra were performed using the 7 [ps]
well-known energies of the radioactive sources %€o,
2Na, and with 11 well-knowny rays in 11%Cd taken from  Ey [keV] IZopted Literature Present
Ref. [5].
. + +2.00 0.4%
1783.5-keV levelThis level was known to decay by tran- 1783.5 24 jntr 1.44°560 116537
2078.8 3yct 1.05"9%2 0.67' 532
1085.7 1505.2 + 0.83a
PRy 216 G55 2162.8 33pn 1.20°332
sl TO=002506) 15051 F@=001915) 2220.1 4300 0.97° 953
losss-l_;ﬁ—}—ﬁH"H 2250.6 4 0.87° 972
15050 W 2287.4 25 0.42° 01
—— 2355.7 25 0.5151"
., L2591 17842 658 2") leogl 228820658 (2) . 022 11a
> F(1)=0.031(11) A Fo=008205) 2480.0 63pn 0.58" 45 0.23'5717
2 nss —W 162971 2481.6 (2) 0.67' 5%
>
M sl 1629461 2539.7 Soct 0-9Ot8:3(5) 0.8381%‘
1.20a
14212 2078 (3_)4658(2+) 2356 (2+)—>658 (2*) 2561.3 ¢ 1'25:0.42
F(1)=0.047(14) 169811 F(1)=0.064(16) 2633.1 (2, 3% 0.20"35%
14211 _MHM 1698.0 —W 2649.5 () 0.041)°
14210} 1697.9 - 2758.2 (2,34 0.33" 53
T T T S Y ¥ S R T Y S TR 2787.4 (2) 0.041)
cos 0 cos 6 2984.5 5 0.16°057

FIG. 4. Measuredy-ray energies as a function of cak for #rom they-ray angular distribution performed E;,=2.9 MeV.
transitions from several levels of intereB(.7) values are indicated. °From they-ray angular distribution performed &,=3.2 MeV.
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TABLE Il. Comparison of measured multipole mixing ratios with previous work.
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Arctan(d)
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Elepel [keV] J7 J  E, [keV] Snn’ ) From Ref.[5] From Ref.[20]
17835  2{,, OF 310.5 a
2% 11257  0.13'9% 169013 0.338)
0"  1783.6 E2 E2
2078.8 3pct 27 603.1 0.042) -0.1422) b
2% 14211 0.003" 3928 0.018) 0.055)
2162.8 35 47 620.3 —0.46' 59, —1.61° 373 -0.70(4)
2" 687.0 —-1.66"308 -1.2641) -1.76(6) or -1.4815)
2" 1505.0 —1.52°311,-0.39°55¢  -1.4823 -1.21(4)
22201 43, 4° 677.6 -0.412) -0.407) -0.363)
2" 744.3 E2 0(+16,-10
2" 1562.3 E2 E2 -0.10+2,-3
2250.6 4, 27 467.1 E2 E2 (E2)
4+ 708.1 0.133% -0.7232) -0.159)
2" 774.9 E2 E2 (E2)
2" 1592.8 E2 E2 (E2)
2287.4 25 2%  1629.7 2.39°913,-0.012) 0.063)
2355.7 23, 07 624.5 E2
2% 1697.9 -0.072),2.86" 335 0.105) or 1.85)
2480.0 630 4" 937.5 E2 E2 E2
2481.6 (2) 2% 18238 —0.91'993,-2.8856) -0.70(10) or -5.220)
3" 402.8 E1
2539.7 5,0 3 460.8 €2) E2 (E2)
4r 997.2 E1 -0.03046) -0.025+35,-79
2561.3 4 4% 10189  —0.49315,3.4832%3 -0.5635) b
2" 10855 E2 E2 E2
2" 19035 E2
2705.6 4}, 47 11631 E2 0.03)
“No reliable value was found.
bSame value as in Reff5].
- 2t 3" 1697 keV E 554" 1164 keV |

FIG. 6. Analysis of the angular distribution
performed at 2.9 MeV of a few transitions in
11%Cd. Shown is they? calculated as a function

of arctan().



STRUCTURES AND LIFETIMES OF STATES IN*%Cd

PHYSICAL REVIEW C 63 014305

TABLE Ill. Observed transitions and levels.

E, [keV]? Jsoptea  J7 E, [keV] s Mult. B.RP Iew
0.0 0" 0"
657.76%9) 2" 0" 657.76%9) E2 1.000 2
1473.05830) 0" 2" 815.313) 1.000 0
1475.78519) 2* 2" 818.034) 1.49'328  M1+E2  0.6244) 2"
0" 1475.7%4) E2 0.3764)
1542.46725) 4" 2" 884.684) E2 1.000 &
1731.28432) 0" 2" 255.585) 0.0883) 0"
2% 1073.627) 0.9123)
1783.52932) 2" 0" 310.5312) E2 0.0031) 2"
2" 1125712) 01333 M1+E2  0.7562)
0" 1783.627) E2 0.24G2)
2078.85830) 3” 2% 295.629) 0.0326) 3”
2" 603.1G4) E1 0.1273)
27 1421.084) E1 0.8413)
2078.87830) 0" 2% 295.629) 0.7584) 0"
27 1421.084) 0.2424)
2162.79826) 3" 4% 620.334) —0.4630 MI1+E2 0.1655) -
2" 687.024) —16690s M1+E2 0.2477)
2" 1505.034) —1.5207; MI1+E2 0.5879)
2220.08831) 4" 4% 677.624) -0.412) M1+E2  0.6388) 4"
27 744.294) E2 0.2817)
2" 1562.338) E2 0.0813)
2250.56435) 4* 2" 467.086) E2 0.0814) 4*
4% 708.1G4) 01355 M1+E2 0.8176)
27 774.8820) E2 0.0334)
2" 1592.7910) E2 0.0694)
2287.42%61) 2" 2" 1629.6655  -0.012) 1.000 2
2332.045%71) 0" 27 1674.287) 1.000 (07,1%,2%)
2355.71757) 2" 0" 624.479) E2 0.03a2) 2"
2" 1697.937) -0.0712) M1+E2 0.97G2)
2433.20633) 3" 27 957.414) 0.6417) 3"
27 1775.485) 0.3547)
2477.54498) 2" 0" 746.1917) E2 0.1647) 1%,2°
2" 1001.6%17) (E2) 0.3946)
2" 1819.8224) 0.0804)
0" 2477.8122 E2 0.36Q7)
2480.01974) 6" 4% 937.587) E2 1.000 6
2481.644121)  (27) 37 402.8417 E1 0.11912) 37,27 ¢
2" 1823.8317) -0091709 MI1+E2 0.88112)
2539.69047) 5- 3~ 460.8317) (E2) 0.03a4) 5-
4% 997.224) E1 0.97a4)
2561.27839) 4" 4% 1018.868) —0.49'315 MI1+E2  0.1366) 4"
27 1085.495) E2 0.6838)
27 1903.487) E2 0.1827)
2633.07012) (27,37) 2% 1157.2417) 0.0304) 279(37),4"¢
2" 1975.3817) (E2) 0.97a4)
2649.5371109 (1) 0"  1176.608) 0.0944) (07,17
0" 2649.399) 0.9064)
2659.95%60) 5- 4% 409.5114) 0.07810) 5-
4% 1117.466) 0.92210)
2661.98874) 0" 27 1186.135) 0.5357) 0"
27 2004.336) 0.4687)
2705.58965) 4t 4% 1163.126) E2 1.000 47
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TABLE lIl. (Continued)

E, [keV]? Idopted  I7 E, [keV] s Mult. B.R® e
2707.44351) 4+ 3* 544.676) (M1+E2)  0.3079) (4%)
4+ 1164.947) (M1) 0.6939)
2758.17871) (2*,3%)  2* 1282.287) 0.7286)  (1*,2",3")
2" 2100.579) 0.2756)
2787.37%71) (2%) 2" 2129.617) M1+E2 1.000 12"
2793.40056) (4%) 4+ 573.239) 0.31115) (4%)
3* 630.599) 0.33617)
4+t 1251.029) 0.35319)
2842.68864) 5- 5-  182.8360)° (57)
3% 409.5114) 0.08127)
4+ 1300.217) (E1) 0.92227)
2868.99843) (2%) 2+ 1085.495) E2 0.3545) 12"
2" 2211.277) 0.6465)
2917.59061) 243" 4+ 356.4410) 0.12014) 243"
2% 1441.8%12) 0.48033
2+ 2259.739) 0.40026)
2926.72879) 5+ 3* 763.959) 0.57626) 5+
4% 1384.1914) 0.42426)
2975.16490) 2+ 2+ 2317.4Q9) 1.000 2
2984.50194) 5- 3" 905.717) 0.44521) 5-
4t 1441.8%12) 0.55521)
2993.615171) (0)f 2t 1517.8317) 1.000 0,347 ¢
2994.08984) (374" 4t 1451.628) 1.000 0,344
3042.84183) (2%) 2" 1566.9210) 0.1588)
2% 2385.2211) 0.35210)
0" 3042.9829) 0.491(10)

% nergy calculated using a least-squares procedure involving all transitions placed in the present level
scheme.

bFrom this experiment.

‘From Ref.[13].

9From Ref.[7].

This transition was not observed in our experiments due to the attenuation of low-epeays in the
sample. We have accepted the value given in R&f.

fSee discussion in the text.

decay. From their study of the same decay, Bertsehgl.  ment allowed us to improve our knowledge of the decay of
[12] noted this level as questionable. Such a low-spin statéhis three-phonon state I%) to the two-phonon multiplet,
should be populated by the (") reaction, but no evidence pecause a transition of 624.5 keV from this state to the 0
for its existence was observed in this study. We concludetate at 1731 keV is observéti7].
that this earlier level placement is spurious. 2477.5-keV levelThis level was observed by Blast al.
2078.86- and 2078.88-keV levelis doublet is well es-  [7] and Bertschyet al.[12]. Based on its excitation function,
tablished. The main difficulty lies in separating therays  the 2477.8-keV transition, which decays to the ground state,
which decay from each of these states. We observays  was also placed as in Rdfl2]. Moreover, the level decays
with energies of 295.6, 603.1, and 1421.1 keV. Taking intoby additional transitions of 1819.8 keV[2477.5
account the branching ratio given in RE20], the measured —>657-7(21+ph)] and 746.2 keV[2477.5- 1731_3(qph)]_
intensities for these transitions agree with the proposed O From theE2 multipolarity of the latter transition, we assign
3" doublet. . . this level asJ”=2" in agreement with Ref{7]. Bertschy
2332.0-keV levelThis level was assigned by Blast al. et al. [12] observed a 1001-keV transition from this level,
[7] from (d,t) reaction measurements 38=0", while ac-  but this transition is placed in Ref20] as depopulating the
cording to Ref[20] it hasJ™=(0",1",2%). The excitation 3078-keV level. The lower placement is supported by the
function supports™=(0",1") (see Fig. 2, and the angular y-ray excitation function of this transition for which the ob-
distribution of they ray from this level is isotropic. Conse- served threshold is about 2500 keV. Therefore, this transition
quently, we assign this level &@§=0". was retained as depopulating the 2477-keV level.
2355.7-keV levelThe y-ray excitation function measure- 2481.6-keV levelThis level is known to be depopulated
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by a transition of 1823.9 keV to the 657.7-keV level (2. 2994-keV doubleBlasi et al.[7] observed an unresolved
From the excitation function data, a 402.8-keV transition isdoublet at this energy. New transitions of 1451.6 and 1517.8
found which connects this level to the 2078.9-keV levelkeV from the decay of these levels have been added. As the
(35.)- This state was assigned by Araddatial. [13] as 1451.6-keV transition decays to the state at 1542 keV with

Tt m_ + g+ H
J™=3,2*. As shown in Fig. 2, the excitation function fa- 3 —4 , We can support thd"=(3",4") assignment pro-

vors a spinJ=(2). Moreover, the multipolarities of the de- posed by Blasket al. [7]. The corresponding excitation en-

caying transitions indicate positive parity. Consequently, wes'Y would be 2994.0 keV. The second transition has an

. ot . energy of 1517.8 keV. Thig ray is placed as a transition
adg%;ghi_iif/'g?g/i?i r(12evv) Z?;;I;'izolive;% 11572 keV depopulating the second member of the doublet at an excita-

[2633.1-1475.8(2,,)] from this level is observed. |er 2233’72"(33??'4 kev. According to RET, the second
Araddadet al. [13] proposed]”=(3"),4", Blasiet al. [7] 3042.8-keV levelThis new level decays by transitions of
assignedJ”=2", and Bertschyet al. [12] proposedJ”™  1566.9, 2385.2, and 3043.0 keV, but no multipolarities could
=2",(3"). The excitation function of the 1975.4-keV tran- pe extracted for these transitions from the present data. The
sition, which was known to deexcite this level, supports ay-ray excitation functions of the lines seem to indicate a spin
spin and parity ofJ”=(3"). Combining all these data, we and parity ofJ™=(2*), which is in agreement with the de-
adopt)™=(2",3") cay pattern of this new level.
2649.5-keV levelThe level energy has been improved
from 2649.1%24) keV (from Ref.[20]) to 2649.5411) keV.
This state was assigned according to REIO] as J”
=(0",17). Moreover, it decays only to 0 states and the We limit ourselves here to the states below 2.55 MeV.
excitation function favors a spin df=1. We adopt the spin This limitation is due to uncertain spin assignments of
and parity ofJ7=(17) for this level. higher-lying states and the clear noncollective decay of other
2707.4-keV levelThis level was assigned by Keet al.  states, e.g., the 2561-keV state.
[5] in their study of the!®®Pd(a,2n)11%Cd reaction and Blasi
etal.[7] asJ™=4", but this assignment is listed as uncer- A. Positive-parity states

in in Ref.[20]. Th itation f i | . .
tain in Ref.[20] € excitation function data also support a In Table 1V, the experimentaB(E2) values for transi-

spin of 4 for this level. As shown in Fig. 6, the angular i d lating the stat fint A d with
distribution analysis of the 1164-keV transition favors also allons depopulating the states of Interest aré compared wi
spin of 4. Therefore, we confird™= 4" for this level. the(_)rencal predictions. Only states for which th_e spin-parity
2758.2-keV Ievel',l'his level is assigned in Ref20] as assignments have been unambiguously determined are given.
Jr=1+ '2+ 3+ Araddadet al.[13] observed a spin and par- In Ref. [17], several theoretical predictions available in the
ity of J;T:’3+ .and Blasiet aI. [7] assigned this level a3™ literature were compared with our data for the decay of the
y i g three-phonon states. The influence of two-particle, four-hole

=1",2". As one can see in Fig. 6, the angular distribution Ofintruder configurations, which leads to a second collective
the 1282-keV transition seems to favdf=2" while the g X

2100-keV transition favord™3*. The multipole mixing structure, is studied in the present work. In order to take

. " o ) ccount of the shape coexisteri@d] in *%Cd, which mani-
ratios of the transitions support positive parity, so we adopf__ "¢ o+ o1 eneray near 1.5 M5, models incorpo-
for this level the assignment df"=(2",3"). oy ' ’ P

) . . rating this feature are considered. Thé€&)JO(6) model of

ot ;7 5[3172]3 ;r?d\/é;vseile?;f [I7e]vaeé vafislaszsignﬁﬁengcl?tzt[tiizhy Lehmann and Jolig25] describes the normal states interact-
funcﬁon tavOrs ] — (2+)Ifor this level o ing with the intruder states by mixing the(®) dynamic sym-
2842.7-keV levelThis level was known to decay by tran- metry for the normal states and théBDlimit for the intruder

sitions of 182.8, 409.5, and 1300.2 keV. The spin and parit S;arfr?\.e-tl;ahrf model is very simple and has a reduced set of
}’.\";;% ELOpgzggat.ﬁ 'tr)]éR:ggm ?:yro};e;?]eetealc.'t[:t]"or??tr:tctl'zn Before comparing the (8)-O(6) model and the experi-
é ¢ duth IIt' ' le ch ) ter of th fSé)OIk VLtj : i mental data, one should consider two facts. In R25], few

ata and the muttipole character ot the KV ransition,psolute transition rates involving intruder states were used
we also assign this level a§=5".

. . . in the fit, and these involved analytic expressions between
2869.0-keV levelThe spin of this level was assigned by : : :
. states that were assumed to interact only via two-level mix-
Bertschyet al. [12] and Blasiet al. [7] asJ™=2", and ac- Y

; . N ing. In order to include all mixings, numerical calculations
cording to Ref[20] it hasJ™=1",2*. From the excitation g 9

function data, this level seems to have a spin and parity oﬁ/ith the codeocTupOLE [26] were performed. Using the
' f th - | gi in Ref[2 h
37=(2"), which is the value we adopt. arameters of the (8)-O(6) model given in Ref[25], the

ical Its gi in Table | th col b-
2984.5-keV levelThis level was observed by Keet al. ?;rr]r:jnca results given in Table [\fourth column are o
[5] to decay by only a 1441.8-keV transition. A new transi- |, o qer to improve this model, we consider the electric
tion of 905.7 keV[2984.5-2078.8(3)] has been placed. quadrupole transition operator given by
This vy ray was also observed by Keet al.[5], but was not

IV. COMPARISON WITH THEORY

placed in the level scheme. From the excitation function TED=e,[ Sy n Tust Ons 2 €re Tosls 2
data, the spin and parity df" =57, assigned by Keret al.
[5] are supported. with the operators
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TABLE IV. Comparison of experimental and theoreti@(IE2) values for states in'%Cd.

Transition E, [keV] Expt. [W.u.] Theory[W.u.]
U(5)-0(6) IBM-2 [28]

Lehmann and Jolig25] This work
21— O 310.5 2341 15 52 44
2 intr— 210 1125.7 0.167532 0.23 0.23 0.005
2 inir— 0112 1783.5 0.3010) 0.08 0.06 0.34
33on—430n 620.3 78 16 17 15
330n— 23pn 687.0 2513 39 43 43
33on—21pn 1505.0 11798 0.002 0.002 0.4
43— 43n 677.6 17+8 26 29 23
43ph— 22pn 744.3 3311) 29 32 32
43ph— 21ph 1562.3 0.28) 0.002 0.002 0.100
4t —20 467.1 109" %2 27 113 124
A —430n 708.1 241 2 2 1
4= 230n 774.9 33 0.30 0.30 0.02
4= 210n 1592.8 0.20° 32 0.0003 0.05 0.22
23 intr— 210 1629.7 <0.004 0.62 0.06 0.005
23pn—02pn 624.5 165) 18 26 19
230n— 21pn 1697.9 0.029:%2 0.02 0.02 0.08
63ph—42ph 937.5 62+18 56 61 59
5oei— 3oct 460.8 482! 32 32 _

First 2" intruder state aE,=1783.5 MeV.
bSecond Z intruder state aE,=2287.5 MeV.

(3  calculations were performed by ‘Bee etal. [28] for
1101121169 nearly a decade ago. These calculations were
and extensively tested fot!2Cd in Refs.[29,30 and proved to
be reliable. They are compared to our data in the last column
4) of Table IV. Once more, excellent agreement is obtained. If
we examine the fourth and fifth columns of Table IV, we see
that changing thee,., from 0.48 to 1.00 in the (5)-O(6)
odel yields results that are very close to the IBM-2 results.

Tus=ex([s'd+d"s]?+x[d"d]{?)

Tos=ex([s'd+d"s]?).

In Eq. (2), e, is the effective charge ard’ is the number of
bosons. Each operator is applied to the respective states in™ : .
each configuration. The parameteg, weights the @) op- T is can be illustrated by the presence of Cpherent mixing of
erator relative to the (5) transition operator. In Ref25], ~ Intruder and three-phonon Stftes as describef@h If all
e,=0.11[eb], y=—2.7, ande,,;=0.48 were obtained. In transitions decaying from thes3,, 43,,,, and 6, states to
order to remove the discrepancy in the description of théhe 2" and 4" two-phonon states are summed for each state,
transition probabilities between the intruder states, in parthe common @) symmetry imposes equal mixing ampli-
ticular for the 4, — 27, transition, the calculation was tudes for these two- and three-phonon states and hence the
improved by changing the,,; parameter from 0.48 to 1.0 in same sum for each state. This is not the case for gf&ﬁ 2
Eqg. (2). As can be observed in the fifth column of Table 1V, state which has another® quantum number. Inspection of
this parameter value yields better agreement with the experiFable 1V shows that indeed the summed decay probabilities
mental results. This value fat,e is also more in line with  are nearly equal in the (8)-O(6) model. In Table V these
the results obtained for the other Cd isotop25]. values are compared to those in the IBM-2 and the experi-
A more sophisticated calculation can be performed usingnental sums. One notices that the IBM-2 values are very
the IBM-2 approach. In this model, neutron and protonclose to each other. Unfortunately, the experimental sums
bosons are considered. This distinction allows one to discerstill have errors that are too large to permit a definite experi-
the effects due to the protorp2h configurations in more mental confirmation about the observation of this coherent
detail. Notably, it predicts the energy of these states on anixing.
semimicroscopic basitsee Ref[27]), but at the cost of a For both models, the experimental and theoretical level
greatly increased parameter set. Using this IBM-2 approaclenergies are in good agreement, as is illustrated in Fig. 7, in
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TABLE V. The sum ofB(E2;J§ph—>J§ph) for the three-phonon TABLE VI. Comparison of experimental and theoretical
states which mix coherently in the(8)-O(6) model, is compared to B(M1) values for states in*%Cd.
the IBM-2 and experimental sums.

Transition E, [keV] B(M1)exp [1a]  Theory[ua]
I U(5)-0(6) IBM-2 Expt. - .

2fiu—20n 11257 0.0268) 0.007
33on 61 58 3214 33on—430n 620.3 0.02711) 0.021
430 61 55 5014) 350n— 230n 687.0 0.0104) 0.018
630n 61 59 6218) 330h— 21ph 1505.0 0.0021) 0.001

43— A5 677.6 0.10832) 0.003

+ + 73

which level energies anB(E2) values calculated using the g'zfl::j;’il;h 1;(2)31; 06_1513%8 8:88;

U(5)-O(6) model are compared with the experimental results. % N
More details concerning the description of the models and Zapn— 21pn 1697.9 0.02%) 0.021
the Hamiltonians can be found in R¢82].

Table VI shows a comparison between the experimentaiion probabilities are quite small. One can also now clearly
and theoreticaB(M 1) values for the transitions of Table IV exclude the mixed symmetry character of the third experi-
with mixed multipole character. They are compared to themental 2" state which in the original calculation of R¢28]
theoretical IBM-2 values from Ref28]. Note that allM1 was associated with the theoretical lowest mixed-symmetry
transitions are strictly forbidden in the(8)-O(6) model. We  state. Note that at that time there was an additional experi-
remark as for thé(E2) values that there is good agreementmental 2" state at 1809.5 keV, which was shown not to exist
between theory and experiment and that all observed transiby Bertschyet al.[12]. Although the presence in the theory

3-phonon states intruder states octupole states
5. 25397
6+ 24799
2+ 22875 l
2+ 23558 -
4+ 22201 — [
3+ 216238 ; 4+ 22505 : 3- 20788
0+ 20787 I | ;
0+ 17313 ; 2+ 17835 . :
g e -
: : 0+ 14731 ;
2 6577 X ) ! ! | A |
o+ 00 —Y ¥
110 d
3-phonon states intruder states octupole states
24 24125 5- 25818y
6+ 23688 :
4+ 21752 : 4 -
3+ 21014 ; : 2 ! 3 20342—3%
0+ 1999.7 - — !
O+ 17424 . 2 2+ - :
4+ 15567 : +
2+ 14356 : : = i
2+ 7669 L Y
0+ 00 h 4 v

U(5)-0(6)

FIG. 7. Comparison between the experimental and theoretical level energi®& Bajl values for the (5)-O(6) model(see text The
widths of the arrows correspond to the magnitude of the experimental and theoB{tc2) values.
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TABLE VII. Comparison of experimental and theoretical probability is easily understood from the theoretical point of

B(E1) values for states if'%Cd. view, the large experimental value seems to confirm the in-
sensitivity of B(E1) transitions to the nature of states in this
B(EL)expt spdfiBM-1 mass region, as discussed by Garegtal. [35].

Transition E, [keV] [mW.u] [mW.u]
3gu— 2o 1421.1 0.20) 0.4 V. CONCLUSION
3ot 22ph 603.1 0.41) 0.03 The primary goal of this work was to examine the char-
3oer— 21 intr 295.6 0.8°% 0.0002 acter of the states if'%Cd in the region up to 3 MeV. To-
540 42ph 997.2 2.62) 0.7 ward this end, ther(,n’ y) reaction has been used to perform

a set of measurements consistingiefay excitation func-
tions and angular distributions. The former allowed us to add
of a low-lying mixed-symmetry state does not strongly affectten new transitions and one new level to the level scheme of
the other states, one notices its presence in the overpredicté®cd. The latter permitted the extraction of lifetimes of 16
B(M1;2;,,—21,,) value. In this context it is worth noting excited states, of which 12 were previously unknown, and
that the predicted®(M1;2,,—27,,) value equals 0.38%, the determination of the multipole-mixing ratios. At the same
which is clearly not observed for any'2state, including the time, we were able to determine tH&(E2,2/;,,— Oir

state at 2.355 MeV proposed as a possible candidate in Refalue. Unfortunately, the lifetime of the;, state at 1473.1
[12]. This absence of a mixed-symmetry state, combinegeV was too long to be determined by this method. As ex-
with the relatively smallB(M1) values observed it'Cd  pected, the transition/4, — 25, is very collective. As dis-
[33], casts some doubt on the existence of a low-lyindcyssed in Ref[17], we see that the three-phonon states have
mixed-symmetry state irt*“Cd. While the magnetic dipole transitions to the two-phonon states which are clearly collec-
decay of the 3 and 2" states are well described in the tjye.

model, a strong underprediction of the decay of the tWo 4  Qur data also permitted us to identify theé Snember of
states is observed. A possible explanation could be that thegge quadrupole-octupole coupled state via the collective elec-
states are partially mixed with a two-quasiparticle state, altric quadrupole transition to the octupole state and to exclude
though the good agreement of their electric quadrupole dehe presence of a low-lying mixed symmetry state.

cay with experiment seems to contradict this. To study the intruder states, the data were compared to
calculations using IBM-2 with configuration mixing and the
B. Negative parity states U(5)-O(6) model. Both models yield good agreement with

The OCTUPOLE code also describes the negative—paritythe expern_"nental results with a slight preference for IBM-2.
However, in view of the very reduced set of parameters and

states based on the octupole vibration, usingsibdf IBM-1 X oo
Hamiltonian, described in detail if84]. Adopting the pa- tﬂgclésehof I((jjyrl;amlcal %ymrgetrles n the(5|:)}0(6) mOdfl' ¢
rameters describing the negative-parity states obtained in should be consiaered as an excellent example of a

[28] for 1'%Cd excellent results are obtained. The theoreticar'UCIeus described .by this model. Therefo_re, this .nucleus Is
octupole vibration is calculated at 2034 keV and the 5 not only a good_ vibrational nucleus t?Ut it also |Ilqstra}tes
member of the quadrupole-octupole coupl@DC) states at c!early the coexistence 'of two dynamical symmetries in a
2581 keV. Besides the good agreement in excitation energﬁIngle nucleus and the mflugnce of the Eommo(ﬁ)&ub—

the theory also nicely reproduces the observed collectivg'0UP [31] needed to explain the 32,— 05, decay[17].
quadrupole transition between these stdtee Table IV, This conclusion is not only of importance in the context of
confirming the QOC character of the State at 2539.7 kev. the U5)-O(6) model[25], but more generally for particle-
Table VIl compares the experimenB{E1) values with the N0le symmetries as discussed in R¢85-39.

ones obtained with thepdfIBM-1 calculation using the tran-
sition operator described if84]. In general the theoretical
values are within the order of magnitude of the experimental This work was supported by the Swiss National Fund for
values, except for the decay of the octupole state to E}Q,Z Scientific Research and by the U.S. National Science Foun-
which is greatly underestimated. While the low transitiondation under Grant No. PHY-9803784.
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