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In this paper states if°?Pd populated in the/ 3" decay of'%?Ag, produced in thé®®y(1%0,3n) reaction,
were studied with high efficiency Ge detectors. The level schemi@Bt is in good overall agreement with
the predictions of the () critical point symmetry, with the exception of thg Gtate, which may be of intruder
character.
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I. INTRODUCTION topes were also successfully reproduced by adding quartic
anharmonicities to an ) Hamiltonian[17]. All these re-

Nuclear collectivity is often described in the context of asults suggest that’®Pd is located in the middle of the tran-
harmonic vibratof1], a deformed symmetric rotg@], and  sition from U5) to O(6), potentially very close to the critical
y-unstable[3] models, which constitute a set of idealized point of the shape/phase transition, and is, therefore, a very
limits. These three limits have been codified in the frame-go0d candidate for the recently introducebEsymmetry.
work of the interacting boson approximatig¢tBA) model The goal of this work is to measure with high accuracy
[4] in terms of the W5), SU3), and G6) dynamical symme- the mt_ensmes_of the transmon_s depopulating the members of
tries, respectively. Figure 1 shows Casten’s triangle for th@°tential multiphonon states ”:HOZPd and to compare their
IBA where each vertex represents one of the three symmd€ve! scheme with the ) predictions.
tries mentioned above, and the legs denote regions in which
the structure undergoes a transition from one limit to another. Il. EXPERIMENT

There are few nuclei close to the dynamical symmetry limits, The low-lying nonyrast states 3f%Pd were populated in
but the vast majority are transitional and must, therefore, b‘ﬁwe e/ B* decay of the 5 (Ty,=12.9 min) ground state of
described by numerical diagonalizations of a multiparametelfmAg and studied through/l-/?ay sbectroscopy at the Yale

Hamiltonian. It was shown in Ref5], using the intrinsic Moving Tape Collector{18]. The parent nuciei were pro-
state formalism of the IBA, that there are phase/shape trangced through thé%(1°0,3n) reaction. A 5-mg/crhtarget
sitions in the evolution of nuclear shapes from spherical tq,, g 2-mg/crf Au backing, facing the beam, was bom-
deformed. Of course, phase transitional behavior in finiteyarged with a 20 pnA, 75-Me\FeO beam provided by the
nuclei will be muted compared to infinite systems. Neverthe £5TU Tandem at WNSL at Yale University. The recoil prod-
less, recently, lachello introduced new dynamical symmetriegcts were collected on a 16-mm-wide aluminized
at the critical point of such phase transition$5For a tran-

sition between spherical and deformeesoft nuclei[6] and 0(6)

X(5) for a transition between spherical and axially deformed Y — unstable

nuclei[7]. His approach was based on analytic solutions of

the differential equation for a geometiiBohr) Hamiltonian

with a flat-bottomed potential in the quadrupole deformation.

The E5) symmetry can be used to describe nuclei that are at E(5)

the critical point of the (5)-O(6) transition and***Ba has

been found to be close to this symmel8}. The X(5) sym-

metry is exemplified by*>>Sm[9], **Nd [10], and possibly

otherN=90 isotones. o
The Pd isotopes are another typical example @)tD(6) Splllj- \Sfibrator X(5) Sysmlj r30tor
transitional nuclei. In fact, they were successfully reproduced ) ©)
in terms of a transition from (5) to O(6) in the framework FIG. 1. Casten’s symmetry triangle with the new critical point

of IBA-1 [11,12] or IBA-2 [13-15. They were also calcu- splutions E5) and X(5) [6,7]. The labels at the vertices are those of
lated by Pan and Draay¢f6] with a parametrized exact the dynamical symmetries of the IBA, denoting subchain decompo-
solution for the W5)-O(6) transition within the SL,1) al-  sitions of U6), while E(5) and X(5) label solutions to particular
gebra. The positive parity excitation spectra of light Pd iso-geometric potentials in a differential operator Hamiltonian.
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FIG. 2. Top: Schematic design of the plug technique at the Yalerigure 4 shows the level scheme as deduced in this work.
Moving Tape Collector. Bottom: Angular distribution of tH&%Ag As specified in Table I, there are a fewtransitions that

product in the present experiment according to statistical modeire reported for the first time. Here we discuss only those
(code PACE) [19] calculations. Those residual nuclei from the that are important for the lowest quadrupo|e mu|tiph0non
8y(%%0,3n) reaction, scattered at angles betweerl.5° and  structure of this nucleus.

~6.5°, are collected on the tape for transport to the counting area. (1) The 3l+ state at 2112 keV was reported previously to
decay only through the 1555-keV transition to thg &tate
?20]. Two additional transitions of 577 and 836 keV were
observed to populate the;2and 4, states, respectively. The

In order to stop the primary beam and to prevent burr"ngexperimental relativeB(E2) values(with the assumption

the tape, a plug techniquyié8], sketched in Fig. Ztop), was o :
used. The target was located behind a set of two CoIIimatorg1at the transitions have a pul2 characterfor the transi-

that define a 3-mm-diameter beam spot. The unreacted prioNS from this state to thed, 2; , and,21+ states are in the
mary beam particles were stopped on the 3-mm-diametd@tio 1:14):0.42). This decay pattern is consistent with the
plug, positioned~6 cm behind the target and in front of the interpretation of this state as a three-phonon vibrational state.
tape. In contrast, most fusion evaporation products bypass (2) The transition of 964 keV deexciting the state at 3075

; ; + ot ’
the plug and were collected on the Kapton tape positioned&Y With spins 457,6" was found to be a doublet-y
~7 cm behind the target. In this geometry the coIIectingCO'”C'dence data revealed that there are, in fact, two transi-

angles for the reaction products were betweeh.5° and U0ns of 963.3 keV and 964.2 keV to_t_hef&)and 6 states,
~6.5°, corresponding to the maximum yield for the residualespectively. Based on the new transition to tHesgate, the
nuclei. This simple geometric arrangement suppressed mof®in value of the 3075-keV level is now restricted to dr
than 99% of the primary beam white 80% of the residual 5', because arM3;6"—3" transition is extremely un-
nuclei were deposited on the tapsee Fig. 2, bottomand  likely. This state is a very good candidate for the lember
transported in front of the detectors. The sequencing of thef the four-phonon multiplet.
tape movements was 20 min in order to enhance the yield for There are two known excited Ostates at 1592 keV and
192pd (given the 12.9 min half-life for the ground state of 1658 keV[21-24, which, however, are not observed in the
1027g). present experiment. They were seen in&éhg™* decay from
The y rays were detected with an array consisting of threghe 2° (T1,=7.7 min) state in'%Ag [21], a state that was
Compton-suppressed segmented Clover HPGe detectors af@t populated in our experiment. The 1592-keV state has
one LEPS detector in close geometry, with a total photopeakeen shown to decay by &0 transition to the ground state
efficiency of ~2% at 1.33 MeV.y-ray singles andy-y co-  With p?=4.0(15)x 10" * and by anE2 transition of 96(40)
incidence data were simultaneously acquired in event moddV.u. to the 2 state [23]. An upper limit of <4
Assingles spectrum is shown in Fig(e and ay-y spectrum, x10 * W.u. was established for ti&(E2:0; —2;) value
gated on the 556-keV 2—0; transition, is shown in Fig. [23]. The 1658-keV state decays via B2 transition of 13
3(b). The energy range of the spectrum was limited to(3) W.u. to the 2 state and with an upper limit gi?<0.3
E}®~2.3 MeV. %10~ 2 for the monopole strength of tHe0(0; —0;) tran-
Table | lists they rays observed in this work and, based sition [23]. We include the (0 states in the discussion pre-
on y-y coincidences, placed in the level scheme'®Pd.  sented in the following section.

Kapton tape and transported to a low background countin
area.
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TABLE I. v rays assigned td%%Pd. (Intensities are obtained
from singles data of-y coincidences and are normalized to 10 000

for the 556-keV Z —0; transition)

Ey (keV) Il Exi'Exf
163.41) 2 25(5) ° 2301-2138
179.82) 9(2) 247492294
182.51) ¢ 15(3) P 229492112
231.71) 2 21(2) 2532-2301
336.42) € 18(2) 247492138
424.41)2 7(2) 3075-2651
495.q1) 2 59(6) 260692112
539.64) 6(3)° 2651-2111
556.444) 10000 556-0
577.11) 2 17(3)® 2112 -1534
603.326) 161(14) 2138-1534
634.11) 2 19(3) 3166 -2532
660.51) 2 20(10) 2798-2138
719.335) 5590150 1276-556
835.117) 1261(105) ° 2111-1276
836.05) 2 15(8) P 2112-1276
854.31) @ 17(10) 2798-1944
861.91) 15914) © 2138-1276
865.02) 270(25) 2976-2111
891.61) 384(35) 3003-2111
937.712) 13912) 3075-2138
946.41) 2 18(2) 248191534
963.35) © 21(10)° 3075- 2112
964.21) © 12211) ° 3075-2111
977.785) 181(16) 1534-556
998.33) 2 9(3)° 2532-1534
1018.55) 25(5) 2294% 1276
1024.91) 43844) 2301-1276
1054.95) @ 11(5)° 3166-2112
1055.42) 59(7)° 3166-2111
1066 18(8) P 2342 -1276
1067.21) 41(6)° 317892111
1167.58) 2 3(1) 327892111
1184.55) 2 21(2) 329592111
1215.53) 2 11(3) 27509- 1534
1256.71) 117070) 2532-1276
1263.91) 2 69(7) 2798-1534
1305.41) 166(17) 25819-1276
1329.11) 2 337)° 28639 - 1534
1330.51) 19028 P 2606%-1276
1375.21) 53(6) 265191276
1387.42) 21(14) 1944-556
1393.12) 114(12) 26699 -1276
1458.12) ¢ 16(2) 273491276
1474.q1) " 238(25) 27509-1276
1492.61) © 14(2) 276891276
1522.51) 20321) 2798 -1276
1534.31) 19321) 1534-0
1555.11) 144(15) 2112-556
1581.11) 129280) 2138-556
1587.72) @ 101(11) 28639 - 1276
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TABLE I. (Continued.

E'y (keV) IreI Exi'Exf
1691.33) 15(2) 2248-556
1700.43) @ 13(2) 2976-1276
1727.93) 2 25(3) 3003-1276
1744.31) 142675) 2301-556
1785.82) ¢ 14(3) 23429 556
1799.51) 22324) 3075-1276
1837.33) 2 78(9) 3113% 1276
1889.43) 40(5) 3166-1276
1924.12) 54(6) 24819 556
1943.49) 18(10) 1944-0
1976.@3) @ 9(5) 2532-556
2241.68) 60(10) 2798-556

New y transition relative to those reported in REZ0].

by-transition energy and intensity are obtained from coincidence
spectra.

°New y-ray transition ing decay(relative to those reported in Ref.
[20]).

INew level ing decay.

®New intensity significantly different from previous dd0].
fPossibley transition between the levels at 2342 keV; (3and
1276 keV (4). Since they-y coincidence relations cannot distin-
guish this transition from that between the 3178- and 2111-keV
levels, its placement is based on physics arguments and on different
intensities in singles and coincidence spectra. It is not included in
Fig. 4.

9New level relative to those reported in RE20].

"New position relative to that reported in RERO].

Ill. DISCUSSION

As mentioned in the Introduction, the Pd isotopes are
typical examples of (5)-O(6) transitional nuclei. With neu-
tron number increasing fro\l=50, the quadrupole defor-
mation also increases from small values, characteristic of a
spherical vibrator = 52,54), towards larger values, charac-
teristic of deformed nuclei, in the middle of the shell. Figure
5 presents some of the experimental signatures of the struc-
tural evolution in this transition from a spherical vibrator to
deformedy-soft nuclei: the energy of the;2state is decreas-
ing and the ratidR,,=E(4;)/E(2;) is increasing with in-
creasing number of valence neutror®Pdy, which lies in
the middle of this transitional region, is a very good candi-
date for the recently introduced(®d symmetry, which ap-
plies to the critical point of the second-order phase transition
between a spherical vibrator and a deformgdinstable
nucleus.

The E5) symmetry describes nuclei that are at the critical
point of the U5)-O(6) transition. An important signature is
the ratio R,,=E(4;)/E(2;), which is intermediate Ry,
=2.20) between a spherical vibrator o3) (R4,=2.00)
and a deformed/-unstable limit or @6) (R4,=2.50). How-
ever, other essential signatures for a)EBymmetry are the
properties of the P and 0; states, which also vary along the
U(5)-0O(6) transition. Figure 6 shows typical low-lying spec-
tra corresponding to the (8) and Q6) limits. The multiplet
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FIG. 4. Level scheme of°Pd as deduced in this work. The spin assignments are fron{ Bifexcept the state at 3075 kd¥ee text

structure is present in both limits, and all along the transitiomnamely, 7.,i;=0.25 (Ng is the number of bosons, in this case
leg between them, since(® symmetry is preserved. A ma- five). E2 transitions are described in the IBA by the operator
jor difference between these two limits, besides the relative

energies of the multiplets, is the structure of the excitéd 0 T(E2)=e,[s"d+d s+ y(d"d)?)], (2)
states. One is a member of the three-phonon multiplet in the

entire transition from (B) to O(6). The other one evolves Where e, is the boson effective charge. The transition
from a two-phonon state in (8), with a strongB(E2:0" strengths are calculated wigh= — \/7/2 and are normalized
—27) value, into theo= o2, 0" state in @6), where it to the experimental valuB(E2:2; —0;) =33 W.u., which
typically lies higher than the # and 2 levels and theB ~ corresponds to an effective charge=0.11ebin the quadru-
(E2) strength to the 2 level vanishes. In the discussion pole operator. The first te_rm of the transition operat_o_r in Eq.
below we use th&(5) notation (Z for this state and D for (2) produces strict selection rules: onlyr=+1 t_ransmonsu
the 0" member of the three-phonon multiplet. are allowed. The second term does not modify these “al-

In order to investigate the structure 8Pd we can ex- 0Wed" transitions but produces finite values =0, * 2
ploit the IBA model. In this model a specific choice of pa- tranS|_t|ons. The IBA Earameters for tgg tieSt IBAfit fk?FPg
rameters generateg® (for finite particle numberbut varia- ar_ee—9.76 MeV,a,=0.18 MeV, ancaz=0.05 MeV and,
tions of the parameters provide an easy way to explore thwith »=0.21, they correspond to a structure very close to the

entire U5)-O(6) path. An IBA Hamiltonian describing the Cfitical point. , . . .y
transition between (5) and Q6) is The corresponding total energy obtained using the intrin-

sic state formalisnj5] is presented in Fig. 7. It is, indeed,
close to a flat-bottomed shape, resembling the square well
potential embodied in the (&) symmetry, and close to the

. - potential corresponding to the critical point for an IBA cal-
where € is the d-boson energyng=d'-d is the d-boson  cylation forNg=5 (also shown in Fig. J

number operator,P=1/s-s—d-d], and Ty=(d"d)®. Figure 8 compares the experimental low-lying level
This Hamiltonian displays the (3) symmetry and the corre- scheme andB(E2) transition strengthdleft) of °2Pd with
sponding quantum numberis a good quantum number. In the E5) symmetry(right) and with the best IBA fiimiddle).

the transition W5)-O(6) there is a second-order phase tran-Note that the E5) predictions are parameter-free, except for
sition. The critical point corresponds to a specific value ofscale. For the data in Fig. 8 we keep the conventional nota-
the control parameter 7=0.254(Ng—1)/(e+7a5/3), tion 0, ,0; and for the theoretical spectra we use the same

H:Eﬁd+a0ﬁ)f'ﬁ)+a3-’i—3'i—3, (1)

044325-4



102p4: AN E5) NUCLEUS? PHYSICAL REVIEW C 65 044325

2.0 T T T T T T . . . ¢ 4 3 o z
p 17 (b)
0% 100-114p 4 0 %7 3l - .
+ o
15} 41 gf 1 4 —3 > E__¥
: >
—_ 53| 53 53
c 03 p—
2 1.0 0+_ 1
= 2t 4+f 33 u(s)
s o —L—
0.5 ]
2]
0.0 —_— | B
. 15
6"1' 4; 3% 07 ot
11 29 5
197 21
40 40
g ‘q / 22
s 42 2
51— O(6)
33
4+
0——
50 52 54 58 58 B0 B2 B84 B6 BB 70 FIG. 6. Low-lying spectra of (b) and 46) for Ng=5. The
N state @ corresponds to the member of the three-phonon multiplet

and the state IabeledQOcorresponds to the=Ng—2=0a 2
FIG. 5. The evolution of structure along the Pd isotopic chain.O(6) state(see text The energy of thepstate in @6) depends on
Top: Energies of the low-lying states. BottomRy, an additional parameter and was chosen here, for an easy discus-
=E(4])/E(27). Note that??Pd, marked with a different symbol, sion, slightly lower than the D state. The labels on the arrows
is about halfway between the(g) and Q(6) limits. denote B(E2) values, normalized td(E2;2; —0;)=33 W.u.
(value corresponding t&°%Pd).

notation as in Fig. 6: the D state is a member of the three- _ _ _
phonon multiplet and the Dstate is defined as the base state  The comparison of the data with the best-fit IBA results
of the ¢=2 family of states in the €) description. The contained in Fig. 8 and Table Il suggests th&Pd is indeed
0/ —2] transition from the three-phonon'Gstate is forbid- V€Y close to the critical point of the transition betweetsJ
den in U5), O(6), and all along the transition leg sincé8) ~ @nd Q6). TheR,; value is in good agreement with the data
symmetry is preserved. Experimentally, 1f*Pd, the decay
pattern of the § state is very similar to that of the theoret-
ical 0] state, and the state corresponding o i8 the G;
level whose deexcitation to thej 2level is moderately col-
lective (13 W.u) with B(E2:05 —2;)/B(E2:2; —0;)
=0.39, intermediate between(®) and 46).

The E5) symmetry seems to reproduce the level energies . >
of 10%d rather well, except for the energy of the Btate,
which is very different from the D state. We will return to
this below. First we consider the other levels and transitions. 1
The data are reproduced, with a few exceptifthe experi-
mentalB(E2;2;, —2;) andB(E2;4, —4]) values are less

4

collective than predictddby the E5) symmetry. In Table I 0 : : :
we compare the experimental values for key observakbes 0.0 0.5 1.0 1.5 2.0
cept the properties of the,Ostate with the H5) predictions Bma

and the numerical IBA calculations. The table shows that the g 7. Total energy obtained using the intrinsic state formalism
experimental values of these observables are, indeed, bgs a function of the quadrupole deformatjgp, . Continuous line:
tween the W5) and 46) limits (also given in Table )L The  |BA parameters corresponding %Pd (Ng=5, €=0.76 MeV,
other observables are also between these limits, as can Bg=0.18 MeV, and a;=—-0.05 MeV); dashed line: IBA
seen by comparing the data presented in Fig. 8 with % U parameters corresponding to the critical point of tHB)UD(6) tran-
and Q6) predictions in Fig. 6. sition.
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FIG. 8. Level scheme ot°2Pd (left) compared with the &) symmetry(right) and with IBA best-fit calculatiofmiddle). The labels on
the arrows denote the respectiB§E2) values in W.u. The experimental values are from REZ§,23 with the newy-ray intensities
reported in this work. Dashed lines denote unobserved transitéxut,) or transitions withB(E2)=0 (theor). The IBA parametersNg
=5, €e=0.76 MeV, a;=0.18 MeV, andaz=0.05 MeV) correspond to the control parameigr0.21, which is slightly smaller than
7erit=0.25 in the transition between the anharmoni{&ltand 6) limits. The B(E2) values are obtained with tigE2) operator of Eq.
(2) (x=—\/7/2) and are given in W.dnormalized to the experimental valB¢E2:2; —0;)=33 W.uJ.

and E(OQ)/E(ZI) agrees almost exactly with the empirical duced in the E5) symmetry by Ariag25] and Franket al
energy ratio for the § state. In the E5) symmetry the quad- [26] and the calculations with this operator are presented in
rupole transition strength was originallg] calculated using Table Il. Also included in Table Il are predictions fo(gE for

a quadrupole operator, which depended linearly on the quadinite particle numbef27]. All the E(5) predictions are in
rupole deformation3 [6]. A second-order term was intro- good agreement with the data; in particular, the calculations

TABLE Il. Comparison of key observables it?Pd [20,23 with predictions of several models: IBA
predictions for dynamical symmetrie®) and Q6), for the critical point, and the best fit;(® predictions
with a linear T(E2) operator in the quadrupole deformatifl, including quadradic term in th&(E2)
operator{25], and E5) for a finite well[27].

Expt. IBA E(5)

10%pg U5 O(6) Crit. pt. Bestfit Ref[6] Ref.[25] Ref.[27]
Rus 229 200 250 222 2.18 2.20 2.20 2.19

a
E(0;) 299 200 ¢ 3.54 3.10 3.03 3.03 2.99
E(2;)
B(E2:4/—2{) 1513 1.60 127  1.36 1.39 1.68 156 1.68
B(E2:2; —0;)
a

B(E2:0; —2;) 0399 160 0 0.41 0.55 0.86 0.49 0.91

B(E2:2; —07)

aog is defined as the base state of the2 family of states in the &) description or the base state of the
o=Ng— 2 representation in @), and as a two-phonon state ir(3). In the IBA calculations for the critical
point and for the best-fit calculations it is the first excited, gr, Gevel.

PExperimental § state corresponds to the theoreticél State in E5).

‘Undefined.
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=28 and 50, and suggests that the €tates in these isotones

0%
03
4
2

N=56

behave as intruder states. In fact, the€ate was considered
to be outside the IBA single shell space in previous analyses
i [14,15. Higher excited O states are known only in the Mo
and Ru nuclei withN=56. In the 35Mosg isotone the decay
properties of the § state are unknown but if3oRuss the
branching ratio from the 0 state, B(E2:0;
—25)/B(E2:0; —2,)=8, is in agreement with the (B
07 properties.

Based on these arguments, the §tate in'%%Pd could be
considered as an intruder state and the role of thestate

040 I 42 44 46 48 50 from an E5) description could be played by a higher excited,
7 as yet unknown, 0 state. Such a higher energy would be
more consistent with an(B) description of'°%Pd. In fact, in
FIG. 9. Evolution of the energy of low-lying states along the 104.10pq 5 Q state was identified very close in energy to the
N =56 isotonic chain. + : 10 ; ; -
6, state and int%Pd it preferentially decays to the devel,
as expected for the Dlevel.
of Ref. [25] nicely reproduce even thB(E2) ratio for the In assessing the intruder character of the level in Pd
05 state. isotopes, there is one caution that should be stressed. For the
Only the 0 state is difficult to accommodate in any of heavier Pd isotope@ip to A=110) strongB(E2:2; —0;)
these pictures. Although its strofE2) value for the tran- values (~100 W.u.)[28] have been used to suggeste-
sition to the 2 state agrees with the(® prediction for a  formed intruder configuration for the D levels [29]. The
member of the three-phonon multiplet and the correspondingtrong G — 2, transitions (~40 W.u.) in 16~ 11%d suggest
E(5) 0; state, the excitation energy disagrees strongly witha different structure than that for thg Oevel in 1°%d, where
E(5) (and with the IBA calculations The EO strength also  the B(E2:0; —2;) value nearly vanishes. Therefore, the
disagrees with the ) symmetry: experimentally there is an assignment of intruder structure to thi 6tate in'°2Pd must
E0:0, —0; transition reported23], while in the E5) sym-  not be taken to imply that the structure of the intruder is
metry theEO:Oj—>01+ strength should be zero. These dis- unchanged across the Pd isotopes.
agreements, especially the fact that its observed energy is
much lower than predicted, suggest that thje Slate might
represent a different degree of freedom outside the IBA Levels in 19%°d were populated ie/ 8+ decay and their

. . . + . oy .
;pace[l.e., Itis .not the K5) 0; statq. One possibility is that properties were studied througihray spectroscopy. Candi-
it could be an intruder state. d;1a’[es for the 3 member of the three-phonon multiplet and

The lack .Of hucleon trgnsfer data or know_ledgg of ban or the 4° member of the four-phonon multiplet were estab-
structure built on the e_xcned*Ostates f_“akes it difficult to #ished. The comparison with the predictions of th&)Esym-
definitively assert the intruder or nonintruder character Ometry shows very good agreement, including ttﬁe gate,

these states. However, indirect information on their structur(\eNhich can be considered as th§ gtate of E5). The prop-

can be obtained by studying their behavior along isotopic . _ . :
and isotonic chaing Theyev?)Iution of the excitetig@tate Plrties of the g state in'%?Pd and the evolution of this state

energies along the isotopi=46 chain, presented in Fig. 5 along_ theN=56 isotoni_c chain _suggest_ intrudfr gharacter.
(top), does not show any irregular behavior that would sugending_further experimental information on” 0(i>3)
gest a deviation from a multiphonon picture. states,'%Pd is a very good candidate for théSEsymmetry.
However, the evolution of the 0 states as a function of

proton number shows a very different behavior from other
low-lying states. Figure 9 shows the data on low-lying level
energies in théN =56 isotonic chain. The energy of the,0
state decreases toward=40, which is halfway betwee#d

IV. CONCLUSION
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