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In this paper we address the evolution of yrast levels of low-lying structure in the neutron-rich even-even *=122C¢
nuclei within the framework of interaction boson model (IBM-1). The reduced transition probabilities B(E2) |
between 8 to 61 states of even-even neutron rich Cd nuclei for N = 66, 68, 70, 72, 74 have been calculated by
IBM-1 and compared with the previous available experimental values. The calculated values of ''*Cd, 5Cd,
H8cq, 120Cd, and '?2Cd, are 0.272€2b%, 0.281€%b2, 0.259€%b2, 0.190€%b? and 0.149 €2b? respectively. The ratio
of the excitation energies of the first 4™ and the first 27 excited states, R, /2, were also calculated for those nuclei.
The "*722Cd isotopes in U(5) — O(6) transitional symmetry were investigated. We have studied the system-
atic B(E2) values as a function of even neutrons from N = 66 to 74. Furthermore as a measure to quantify the
evolution, we have studied systematically the ground state energy ratios R, = E(L")/E(2]) and transition rate
R=B(E2: LT = (L-2)")/B(E2: 2t — 0") of some of the low-lying quadrupole collective states in comparison

to the available experimental data.

PACS: 21.60.Cs, 23.20Lv, 26.30. +k, 27.60+]

1. INTRODUCTION

The interacting boson model (IBM-1) is an excellent
interpretive model to understand the nuclear struc-
ture [1,2]. The cadmium nuclei, with two protons
removed from a strong shell closure, exhibit intrigu-
ing aspects of nuclear structure at low excitation
energies, namely the coexistence and mixing of vi-
brational with other collective degrees of freedom
arising from the promotion of a proton pair across
shell gap [3,4]. The structure of neutron-rich Cd iso-
topes has been studied the subject of many theoreti-
cal and experimental works in recent years. The yrast
states up to I™ = 8% in N = 48 isotones were found
two-hole states vggy /22 configurations for the N = 50

closed shell. The existences of structure of vgy /22 con-

figurations indicate to find structure of the valance
mirror nuclei mgg /22 configurations [5-8]. Therefore,

it is interesting to study mgy /22 configurations, which
suggest that (Wg;/é)}r = 0%, 2%, 4%, 6+, 8* configu-
rations dominate the yrast states and their 8] states
are very likely to become isomers.

Moreover B(E2) of the yrast band between 8] to
6f plays important role in nuclear structure.

There are a number of theoretical works dis-
cussing intruder configuration and configuration mix-
ing in the C'd isotopes. For instance, empirical spec-
troscopic study within the configuration mixing cal-
culation in IBM [9-11], the IBM configuration mixing
model in strong connection with shell model [12,13],
conventional collective Hamiltonian approach [14,15]
and the one starting from self-consistent mean-field
calculation with microscopic energy density func-
tion[16]. Long et al. explained the low-lying lev-
els and high-spin states of 116:118:120Cq in the frame
work of interacting boson model [17]. We have cal-
culated the ground state energy band up to 81+ levels
[18] and reduced transition probabilities B(E2) val-
ues from 67 to 47 and 47 to 2] levels in even-even
H4=1220q isotopes by the framework of IBM-1[19].
In this work, we suggest an approach to search for
the dynamical symmetries U(5), SU(3) and O(6) and
to calculate B(E2) values between 8 to 6] states in
even 14712200 isotopes using IBM-1 model [2].
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2. THEORY AND METHOD OF
CALCULATION

2.1. Yrast state energy band

The Hamiltonian of the interacting bosons in IBM-1
is given by [2,18].

N N
H=) ¢e+> Vij,
j=1

i<j

(1)

where ¢ is the intrinsic boson energy and V; ; is the
interaction between bosons ¢ and j. In the multi pole
form the Hamiltonian is given by [2,18,19].

H=eng+ayPP+a1LL+axQQ + a3T31T5+asTyTy.

2)
Here ag, a1, as, az and a4, are the strength of pair-
ing, the angular momentum and multi pole terms.
The Hamiltonian as given in Eq.(2) tends to reduce
to three limits, the vibration U(5), y-soft O(6) and
the rotational SU(3) nuclei, starting with the uni-
tary group U(6) and finishing with group O(2). In
U(5) limit, the effective parameter is ¢, in the 7-soft
limit, O(6), the effective parameter is the pairing ay,
and in the SU(3) limit, the effective parameter is the
quadrupole ay. The eigenvalues for the three limits
are given by [18].

U(5): E(ng,v,L) =eng + King(ng +4) +

Ky +3)+KsL(L+1). (3)

O(6) : E(o,7,L) = K3[N(N +4) — o(0 +4)] +

Kyr(t+3)+ KsL(L+1). (4

SU@3): E(A\p, L) = KQ[/\2 + NQ +
3N+ p)+ ] + KsL(L+1). (5)
Here, K1, K>, K3, K4 and K5 are other forms of
strength parameters. Many nuclei have a transition
property between two or three of the above limits and
their eigenvalues for the yrast-line are given by [19].
U()—0(6): E(ng,7,L) =eng +

King(ng+4)+ Kym(t+3) + KsL(L+1). (6)

UB)—SU@3): E(e,\,L) =eng +

KA +3(A+ )] + KsL(L+1). (7)

O(6) — SU(3) : E(1,\, L) = Ko[\* +
+3(A+ p)] + Kur(7+3) + K5 L(L+1). (8)
2.2. Reduced transition probabilities B(E2)

The reduced transition probability in interaction bo-
son model IBM-1 [20] is given by equation (9).

91

B(E2 J+2— ) l=ad 1 (J+2)2N = J). (9)
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Where J is the state that the nucleus translates to
it and N is the boson number, which is equal to
half of the number of valence nucleons (proton and
neutrons). The low-lying levels of even-even nuclei
(J; =2, 4,6, 8,...) usually decay by E2 transition to
the lower-lying yrast level with J; = J; — 2. From
the given experimental value of transition (2 — 0),
one can calculate the value the parameter a3 for each
isotopes and use this value to calculate the transition
(87 —6™).

3. RESULTS AND DISCUSSIONS

The transition from the first excited state to the
ground state is assumed to be a pure E2, (2T —
0T) transition. The best parameters for ground-
state band in even-even isotopes '47122Cd are pre-
sented in Table 1. A summary of boson num-
ber, 8" energy level, gamma-ray transitions 8% to
61, experimental B(E2) | between 27 to ground-
state and reduced transition probabilities between
8% to 67 level of even even nuclei from '2Cd to
122C0d, are presented in Table 2. The calculated
results using frame work of IBM-1 are compared
with the previous available experimental results.

Table 1. Parameters in (keV ) for even-even
H4A=1220d jsotopes [18]

A e K1 K4 K5
114 | 768.71 | -33.62 | -16.40 | 15.69
116 | 483.66 | 26.22 | -34.54 | 14.14
118 | 484.78 | 26.29 | -30.35 | 9.17
120 | 292.83 | 66.94 | -29.95 | 5.72
122 | 521.45 | 55.09 | -40.52 | 1.52

3.1. Boson numbers (N)

A boson represents the pair of valence nucleons and
the boson number is counted as the number of collec-
tive pairs of the valence nucleons. A simple correla-
tion exists between the nuclei showing identical spec-
tra and their valence neutron proton (Np), neutron
number (N,,). The number of valance proton NN, and
neutron (N,,) has a total N = (N, +N,,)/2 = nr+n,
bosons At present '32Sn doubly-magic nucleus is
taken as an inert core to find boson number of *'4Cd
to 122Cd nuclei and they are presented in Table 2.



Table 2. Reduced transition probability B(E2) | from level 8& — 67

Nucl. Boson 8% level* | ~ Energy *B(E2) B(E2) B(E2)igm-1 *B(E2)
num. inkeV | (8 —=6%) | (2T —=07) | 2t =0")| BT —=67) | (8T =6T)
N=n,+n, keV W.U. e2b? e2b? e2b?

40d 9=1+8 2669 678 31(19) 0.102 0.272 0.279(71)

H6Cq 8=1+7 2824 798 33.5(12) 0.113 0.281

H8Cd 7=146 2591 771 33(3) 0.113 0.259

12004 6=1+5 2886 853 27 0.095 0.190

1220q 5=1+4 3062 849 26(14) 0.093 0.149

*Ref. [6,21-28]
3.2. The Ry, classification
L Seares)
In the collective dynamics of energies of even- 6 o
even nuclei are grouped into classes, within each &,
class the ratio: Ry = E(47)/E(2]) of excita- St ST T
tion energies of the first 47 and the first 27 ex- N gl o e
cited states. As pointed out by other similar ra- g\ A/;__a’—:\“
tios were characteristics of different collective mo- ﬁ, 3L et o T
tions of the nucleus. An harmonic vibrator has " . .
E(47)/E(27) = 2.00, an axially symmetric rotor @ 2f e T e T °
should have E(4])/E(2]) = 3.33, while X (5) behav-
ior should have E(47)/E(2]) = 2.91. The variation Tr o emmmmemee o DA ~ ]
of the E(4])/E(2]) values as a function of even neu- 0 ,
65 70 75

tron numbers of Cadmium isotopes for experimental
values, IBM-1, U(5), O(6) and SU(3) limits are
presented in Fig.1. We identified U(5) — O(6) tran-
sitional symmetry in even-even nuclei with Z = 48
and N = 66, 68, 70, 72, 74 with a range 2.04 <
R4/ < 2.20. But they are near to U(5) symmetry.
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Fig.1. E(47)/E(2]) values as a function of neu-
tron numbers of Cadmium isotopes 14=122Cd for
experimental values, IBM-1, U(5), O(6) and SU(3)
limit

Neutron number

Fig.2. The yrast sequences of ground state band
of R, = E(LT)/E(2]) as a function of neutron
numbers (normalized to the energy of their respective
27 levels) in 1147122Cd nuclei

In Fig.2, we present the energies of the yrast se-
quences of ground state band using IBM-1 (nor-
malized to the energy of their respective 2 levels)
in these nuclei and compared them with previous
experimental values [6, 21-28]. We present the
comparisons of the ratios Ry, = E(L*)/E(2]) in
the ground-state band (a usually adopted measure
of nuclear collectivity), using the neutron numbers
N = 66, 68, 70, 72, 74. From Figs.1 and 2, we can
see that IBM-1 calculation fit the U(5) —O(6) predic-
tions generally. However, we find that the Ry, values
are consistently smaller in the IBM calculations than
in experimental values.

3.3. Reduced transition probabilities B(E2)

The values of the reduced transition probabilities
have been fitted the calculated absolute strengths
B(E2) of the transitions within the ground state
band to the experimental ones. The value of the effec-
tive charge aip of the IBM-1 was determined by nor-
malizing to the experimental data B(E2; 27 — 07)
of each isotope by using Eq.(1). From the given
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experimental value of the transitions (2 — 0), we
calculated value of the parameter a3 for each iso-
tope and used this value to calculate the tran-
sition (8% — 6%7). The B(E2) values are pre-
sented in Table 2, where the experimental data is
compared with the present calculations and other
previous work [6, 21-28]. The theoretical and ex-
perimental values of B(E2) values are plotted as
a function of even neutrons represented in Fig.3.
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Fig.3.  Reduced transition probabilities
B(E2 : 8t — 67) as a function of even
neutron numbers of '4122Cd isotopes

The calculated reduced transition probabilities us-
ing IBM-1 as a function of neutrons number slowly
increase from 0.272¢2b? to 0.282¢2b? in the neu-
tron number from 66 to 68, and then decrease to
0.149€%b? for up to neutron number 74. In Fig.3,
results of the present work are compared with the
available previous experimental values and shows
good agreement for N = 66. Moreover, the gen-
eral agreement between the calculation and their
previous experimental values for B(E2; 8% — 6T)
transition in Cd isotopes show a little different for
N = 66. Using IBM-1 in Fig.3, B(E2) values for
the transition 87 to 67 decrease smoothly after the
neutron number N = 68. The B(E2) values of the
Z = 48 isotopes with N < 68 differ significantly
from those with N > 68. This difference proba-
bly originates from the orbital occupied by valance
neutron; in the ground state with Z = 48, the va-
lence protons occupy hole-like states in the Z = 50
closed shell, with a main configuration mg, /22. The
valence neutrons occupy mainly particle-like states
in the 50 — 82 shells. Due to the proton-neutron
interaction, the nucleus is deformed. In '*Cdgg and
16 dgs isotopes the valance neutrons occupy in the
2d3/o orbitals while for 118,120,122 3 isotopes, the
valance neutrons occupy in the 3S;/51h; /o orbitals.
The nuclei ''*Cd by IBM-1 model nicely repro-
duced the experiment data and were fit satisfactory.
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Fig.4. Comparison of the B(E2) wvalues in
IBM-1 and experimental value. The ratio
R=B(FE2: LT = (L-2)")/B(FE2: 27 — 07)
in the ground state bands (normalized to the
B(E2: 2T — 0%)) in these nuclei

In Fig.4, we compare the ratio R = B(F2 : LT —
(L—2)")/B(E2: 2% — 0%) of IBM-1 and the pre-
vious experimental values in the ground state bands
(normalized to the B(E2 : 2t — 07)) as a function of
even neutron number in these nuclei. We found that
the R values were consistently smaller in the IBM
calculations than in the experimental values. How-
ever, we could see that the best agreement is closed
to the calculations with neutron number N = 66.
Actually, in IBM-1 the proton and neutron bosons
are not distinguishable as long as valence protons and
neutrons are both hole-like or both particle-like [2].
The large B(E2) values in 14Cd and '9Cd nuclei
are the main indicator of vibration characters.

4. CONCLUSIONS

The evolution of nuclear low-lying yrast states in the
even neutron-rich '47122Cd isotopes were investi-
gated within the interaction boson model (IBM-1).
As a measure to quantify the evolution, we calcu-
lated the energy ratios of yrast states and the B(E2)
transition rates of some of the low-lying quadrupole
collective states in comparison to the available exper-
imental data. It is seen that ground state band up to
8T levels and electric quadrupole reduced transition
probability of those nuclei are in good agreement
with the previous experimental results. The even-
even 141220 isotopes in U(5) — O(6) transitional
symmetry were also investigated.
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DBOJIIONNS YRAST-COCTOSIHUI U BEJIMYMHBI IEPEXO/I0B B(E2: 81 — 6})
114,116, 118,120,122 B MOJIEJIA B3AUMOJENCTBYIOIIINX BO30OHOB (IBM-1)

H. Xoccatin, Eea 5. A6dyanrax, U. M. Axmed, A. A. Mypapax

IIpencrasaena 3BOMONKUA yrast-ypoBHEH HU3KOIEXKAIIEH CTPYKTYPbI B 60raToM HEATPOHAMH T€THO-U€THOM
anpe 1117122Cd g pamkax Momenu BzanmozeiicTytommx 6030108 (IBM-1). BepoaTrocTn n3menennbx (reduced)
nepexonos B(FE2) | Mexmy cocraHugMu 8f u Gf B Oorarom HeiiTtpoHamm uerHo-ueTHOM siape Cd st
N =66, 68, 70, 72, 74 O6pun pacautansl ¢ TOMOIEI0 IBM-1 u cpaBHeHBI ¢ paHee W3BECTHBIMU IKCIEPUMEH-
TAJBHBIME BeJamunHAMU. Paccumrannee sesmunnst 114Cd, 1160d, 1180d, 12°Cd u 1?2Cd pasnsr 0.272 €2b?,
0.281€%b2, 0.259 €2b2, 0.190 €2b? u 0.149 e?b?, coorsercrBenno. OTHOmEHNE SHEPruil BO3OYKICHUA HEPBOIO
47 u nepsoro 27 Bo3OYKIEHHBIX cocToAHMN Ry /2 ObLIM PaCCYMTAHBI JJId 3THX sJep. HA-1220d uzoromb
B U(5) — O(6) cummerpun mepexofos ObLIN UccaenoBanbl. Mbl nccnenosanu cucremaruky B(E2) senudu,
KakK (hyHKIHIO 9eTHBIX HeATpoHOB 0T N = 66 10 74. Kpome TOro, n3ydasi KOIMIECTBEHHO IBOJIIOIINAO, MBI
CHCTeMATHHYECKH M3YYHJIM OTHOIICHNS SHEPTHil OCHOBHLIX cocrosuuit Ry, = E(L1Y)/E(2]) n semuauny
R=B(E2: LT - (L—-2)")/B(E2: 2" — 0") a1 mepexonos HECKOIBKHX HU3KOTCKAIINX KBAIPYIIOTb-
HBIX KOJUJIEKTUBHBIX COCTOSTHUN W CPABHUJIM C JTOCTYITHBIME SKCIEPUMEHTAIbHBIMA TAHHBIMH.
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EBOJIIOITISA YRAST-CTAHIB TA BEJIMYNHU IIEPEXOAIB B(E2: 8§ — 67)
114,116, 118,120,122 0 'y MOJEJII BBAEMOIIIOYUX BO3OHIB (IBM-1)

I. Xoccatin, €sa . Ab6dyanax, I. M. Axmed, A. A. Mypapax

[Ipencrasmena eposionist yrast-piBHIB HU3BKOJIEXKAUOI CTPYKTYPH B DararomMy HEATPOHAMH MAPHO-TAPHOMY
anpi 14712204 y pamkax mozeni Bsaemogitounx 6Goszomis (IBM-1). Biporigmocti smimennx (reduced) me-
pexonis B(E2) | mix cramamm 8§ i 6] y Gararomy meiirponamu napuo-mapHomy sapi Cd mna N =
66, 68, 70, 72,

74 6ynu pospaxopani 3a momomoror IBM-1 i mopieHsgH] 3 panimie BiIOMHMU €KCIEPUMEHTAJBHUMY BeJIH-
ynnamu. Pospaxopani semmuman 14C0d, 110Cd, 1'8Cd, 12°Cd i ?2Cd nopismoors 0.272 €22, 0.281 e2b?,
0.259 €252, 0.190 €2b? ma 0.149 €?b?, Binnosimmo. CuisBimuomenns ewnepriit 36ymKenus neprmoro 47 Ta mep-
moro 2% 36ywkennx cranis Ry o Gynu po3paxosani aua nux azep. 47 122Cd isoronn B U(5) — O(6) cumerpii
nepexonis Oymu pocmimkeni. Mu gocainmnu cucremarnky B(FE2) BenwuuH, Ak GYHKIIIO TaPHAX HEATPOHIB
Bim N = 66 no 74. Kpim Toro, BUBYAIOYN KiTBKICHO €BOJTIONII0, MU CUCTEMATHIHO BUBYUIIN CITiBBiTHOIIIEHH ST
enepriit ocrosrux cramis Ry, = E(LT)/E(2]) ta semmuuny R = B(F2: LT — (L —2)%)/B(E2: 2T — 0%)
s TIEPEeXO/IiB KiTbKOX HU3LKOPO3MIMMEHNX KBAJIPYIOAbHIUX KOJEKTUBHAX CTAHIB Ta MOPIBHAIN 3 HAABHUMUI
€KCITePUMEHTATHLHUMHE JTAHUMHU.
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