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What structure might we expect for even-even UNIVERSITY
nuclei in the Z =50 region?

oGUELPH
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Spherical quadrupole harmonic vibrations

UNIVERSITY

GUELPH

Courtesy of M. Itoh and Y. Fujita
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Candidates for near harmonic vibrational motion UNIVERSITY

(or U(5) symmetry) near Z=50
J. Kern et al. / Nuclear Physics A 593 (1995) 21-47 27
z.|5a| Xe 18 [120
s2[ Te 18 |20 124
aa| |a8| |48) [so| |se| |se| |se| |sa| [so| |s2| |[s4| |[es| |[es| 70| |72

o cd J W HH =

| Pd 02 106| |108

| RuU | E 102] |4
42 Mo 102

E gli <" miE the Cd nuclei appear to be among the best U(5) candidates. As proposed
by Arima and [achello [9], the Cd nuclei, and especially ”"Cd, can still be regarded as
paradigms for U(5) dynamical symmetry.
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Criteria for valid vibrational multiphonon state

For good U(5) candidates, Kern et al. considered:

Excitation spectrum — existence of a full set of two-phonon states, and
perhaps even 3-phonon states

E,/E, ratio approximately 2
Energies could be fit with the U(5) energy formula
The AN =1 E2 transitions strongly favoured over possible decays

Now consider expanded criteria:
Smooth evolution of states as a function of A

Enhanced set of B(E2) values between phonon states

Deformation parameters extracted from Coulomb excitation or
Inelastic scattering follow expectations
Consistent transfer results

One-phonon states may be strongly populated in SNT, but multiphonon
should have (ideally) zero spectroscopic strengths

Weak populations in two-nucleon transfer
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Considering only energies  4* 2702~ <Y T
and branching ratios
would lead to conclusion
that 12*Sn is a good
harmonic vibrational
nucleus

E(4)/E(2*) ratio is 1.86

Energy spread of 2-phonon
triplet is only 90 keV 0.012(+4,-8)

Relative B(E2) strongly favour

decay to one-phonon 2* state 9.0(3)
Absolute B(E2) values
immediately rule out 124G I

<43

1132y 2*

harmonic vibrations
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e.g. levels near 1.3 MeV in '2Cd - U(5) candidate oGUELFH

1415 4+
1912 3 1224 0+
618 2+
30 W.u.
0s 0*
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e.g. levels near 1.3 MeV in '2Cd - U(5) candidate oGUELFH

Appear to have the right levels and decays

1312

O+
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But there are extra states in the vicinity of 2-phonon Ul\(I}IVERSITY

LPH

states... e.g. '">Cd — U(5) candidate

Appearance of additional 0" and 2* states with enhanced
E2 decays systematic in Cd isotopes near midshell

80 W.u. 1468 >+
1433 0 |51 W.u.
1312 v

O+
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First firm evidence for deformed coexisting band in Cd  UNIVERSITY

. _ oGUELPH
isotopes — observed with B-decay
: 2876.75
Detailed
spectroscopy on <
110 iq R- 6" 2479.89 -
Cd via B-decay =
reveals in-band 2250,53
transitions > © &
“Extra” states in 3 WA e
- - - @ 1783.44
vicinity of 2-phonon <0.15
- c +
triplet explained as : o | 1592.02 /o of } 1473.07
part of “intruder” . ¢ = o
A~
band S LS
2t | 657.76
R. Meyer and L. Peker, :
Z Phys. A283, 379 (1977) 0 LE
K" = of 19 ¢4
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Systematic studies of Cd isotopes revealed intruder  UNIVERSITY

oGUELPH

states based on n2p-4h configuration

Evidence for 2p-2h proton excitations from strong populations of 0*
band heads in Pd(3He,n) reactions

To understand the structure of the “normal’ collective states, we
have to be able to identity and separate the intruder structures
requiring detailed spectroscopy and systematic studies

Cd
7-40 \ * -- intruder 0%,2%,4%,6%

EXCITATION ENERGY (MeV)

(02 IS T S I A I A A
82 86 90 94 98 102 106 110 114 118 122 126
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Possible n4p-2h intruder states in the Te isotopes —  UNIVERSITY

#GUELPH

118-124Te U(5) candidates

Energy systematics 105 . 115 . 125 . 135
of excited states Iin [ 0, ]
the Te isotopes 2200
suggest intruder

origin — or possibly

) : 1800 - .
just a changing
overall structure? I I
> 1400 :
Is there any real < |
evidence for P
intruders? 1000 |
600 | .

200 .

115 125 135
Mass Number A
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Strong similarity in structure of Cd and Te nuclei — properties

NIVERSITY
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of 0," states in Te match intruder 0" states in Cd

el 0% fos

ot o + _Suggested
1 3 2 intruder
(8 1357 ot band heads
1060 Lit 1103 20 (4) In the Te
<36 Isotopes
N , 12 (3)
2 709 2+ 679 <8 2+ & 603 2t 6
560 2+ Q564
103p?(E0)
0+ 0 0+ ot | A 0+ o
114Te 1 léTe IISTe 120Te 122Te 124Tea 126"1“e
Vil W R Population in % relative to gs in 0* states
: wad e (°*He,n) reactions 0+ 1615 identified as
B(E2) (Wu) T — o 1380 0+ intruder
N\ ] '3 L s 0+ band heads
<40 -
! 51 (14) o 30(6) in the Cd
27 633 23 658 A 618 7+ 558 ISOtOpeS
: 2t 313 2+ 488
<31(5) 37(11) 16(1)
l PG, J. Phys. G 43,
e o o e i 084002 (2016).
108Cd IIOCd 112Cd 114Cd 116Cd 118Cd

13



i
"
l

e
L)
.5:

[
'
%

-]

RESp

spectroscopy — e.g.

To establish deformed intruder structures, need detaile
123Te(n,y) @ FIPPS

#GUELPH

Energy systematics
in the Te isotopes
](.)5 l|15 . 125 1.‘?5
2200 | pa
4[+ d Ol+
1800 - / 3
; 1400 -
<
m“ 1000 -
600 r
200 -

115 125
Mass Number A

105

v decay
from
suggested
2* member
of intruder
band

Branch
observed in
1245h decay
(M. Allmond)

2+

37(8) WU§| o Elm) W.U.
{

In-band B(E2;2*—0%) in 122Te =194(25)
W.u. Hicks et al, PRC 71 034307 (2005)
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Counts per keV

d UNIVERSITY

603

4500 - . X
123Te(n,yy)'#Te

Gate: 1055 keV 03+"2|+

382 2°-0,'

/
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_ o+
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2 |
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Curtesy of M. Allmond
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Energy systematics of low-lying levels in the Pd UNIVERSITY

. 11 . ] oGUELPH
isotopes — 12-11'Ppd U(5) candidates
2200 - .
1800 - .
States assigned as
intruder I i
Lhersonneau et al, S 14001 |
PRC 60, 014315 i,
(1999) e 1
= 000! .
0,* state has
characteristic I i
“V”-shaped 600 L 1
pattern
200 | .
03 102 106 110 114 118
Mass Number A
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Evidence for shape coexistence in Pd isotopes from  UNIVERSITY

. . . : L. o*GUELPH
rotational invariants in Coulomb excitation

Pd behave as Rotational invariants for 1°Pd
(approx.)
prolate 771 7
rotors — at 20|
spin4*ingsb &

(qV]
shape has o ;
stabilized ¢ . :

O % iy -

V L
0,* band 00 - L1 | J
rotor-like 0 2 4
from spin 0 10 - prolate

A .
0;*bandalso o o ] , S |

riaxia
appears to be S : ‘
shape v | X
coexistence ol L L L o e B .. LW gplate
band O 2 4 6 8 10 2 4 6 8 0O 2 4 6
Ground state band v band 0," band 0, band
harmonic vibrator value D. Cline, Ann. Rev. Nucl. Part. Sci. 36, 683 (1986)
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o o 106 . - " v oy -3 __FﬁVﬁﬁisrf?;
E0’s in ""°Pd: evidence for shape coexistence lngUELPH

in ‘=0’ and ‘=2’ bands

1000xp?(EO) values
o 2243
5 2078 > 4 2077
1 N 3 .
4; 1932 > 1910
96, 0 1706
A 3
g 1558 o 1562
4 1229 34(22) s 2158
1 o 128 ¥ 0;
14(4) <3
2+ 512 - .Y .,y e
O: €l ____* _ _______________~ ____

E. Peters et al.,, EPJ A52, 96 (2016)
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Extending towards Z=40 subshell — '°%-12Mo U(5)

NIVERSITY
g’GUELPH

candidates show clear shape coexistence

Detailed Coulomb excitation studies enable extraction of shape-invariants
clearly indicating different shapes for 0,* and 0,* states
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Zielinska et al., NPA 712, 3 (2002), Wrzosek-Lipska et al., PRC 86 064305 (2012)

 B(E2) (Wu)
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In nearly all cases of U(5) candidates in Z=50 region,
additional data has shown that previously assigned 0*
member of two-phonon triplet is, or very likely to be, a
shape coexisting structure

In most of these cases, It’s the shape coexisting structure
that possess an enhanced B(E2) value to the 2,* state —

why?
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14Cd deformation parameters from rotational

invariants

NIVERSITY
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Most detailed Coulex study to date on Cd isotopes [Fahlander, NPA

485, 317 (1988)] 160, 4°Ca, 58Nii, 298P on 14Cd

114Cd
=0.33
. 2.0 I <c0s36>~0.0 6 1990
h Intruder I
) band f L I
) 11
= .0 / } : / 4° W1284
I B=0.28(3)
3=0.187(3) <c0s356>~0.9 o2
<c0s36>~0.2 prolate
b — L i ! i | S i i 1 1 { 1 S T 1 2+ 558 ...........
of 2t 4 6} 8+ 10% 2f 4% ¢+ 8%  of 2f 47 6f 8+ of 2f 4+
1 2 2 0 ¥ B(E2)
— =). : . W.U.
FQ=Z0IMED) 2N 2ZIMEDIO; o L, wa

2 3 .2 ‘ 2
Q 4nZR Bo
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harmonic vibrator value
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2400 6%

65
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Extensive p*(E0)’s also known in “Cd

EQ’s extracted from a coefficients and evaluated lifetimes (Wood et al, NPA
651, 323 (1999) & Kibedi and Spear, At. Data Nucl. Data Tab. 80, 35 (2002))

3+

......................................................................................... ]]3‘5 0+
. 36
1000xp?(E0) values ’
L 27 558 o N 19
114Cd
Vo O O]
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Extracting mixing amplitude from shape NIVERSITY
N s am P g‘GUELPH

parameters and p*(E0) values

Assume 2-level mixing model — may not always be appropriate
Describe levels using B, y shape parameters, mixing amplitude a

B1:v1
p*(EO)
P72
p*(E0)
37\ i
=a’(1—a?) (—) l(ﬁf - B3) ~ 0 |
41
If shape parameters are known, the mixing amplitude can be
determined

Use the results from detailed Coulomb excitation
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Analysis of 0" p?(E0) values in '*Cd #GUELFH

0.004

11/10/2017

With B and y established from Coulex,
and knowledge of p?(EO) values, we can
extract the mixing amplitudes

——
B =0.33, v = 30°
0 _1306 4+ 1284 2o
= 0* 1135 B=0.27,y=9.5°
2 s
a¢~0.002 B,y values Fahlander NP A485,
o , a2 " 0.08 317 (1988)

B=0.19,y=27° Mixing between configurations
(generally) weak
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What is the origin of the enhanced E2 strength UNVERSITY

GUELPH
from the 0" intruder band head?

While mixing is small, important consequences: Consider 4Cd

I : 114 2400 6%
Write 0* wave functions Cd T
|Ogs > = Cl|OZ > +b|0§ > 6F 1990 129

0] >=—b|0; > +a|0f > —1[ I 1@#
85
64§

Assume: 4+ 1234____;__ PR x =
inband 2*— 0* transitions equal the observed : iﬂiﬁ
values (since weak mixing) 2g*— 0g* = 65 = 9 W.u. 62 ! ruder
25" > 0,7=0

with admixture of 8% results in calculated 2 LR l’
B(E2,02+ —)21+) =26+ 4 \W.uU. 1 B(E2)
consistent with observed value of ) W.u.
27.4 + 1.7 W.u. —

Important contribution to 0,*— 2,* E2 strength from mixing
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Pulling apart the configurations

Result for 14Cd 0* states consistent with evidence for weak mixing in

110Cd
Cross-configuration E2 transitions in 19Cd are
generally weak or unobserved
6t 2480
2+ 2356 l36(11) X
| g+ a3 42220 @ Vo 2251 4
' | — I
<3 <50 S e2agy 0P| 115(35)
<19 1.2(4)
B RO T T R i s B
| I
| + <8 29(5)
Vo YRy oy 0"
2T 1475
46 (5) <40
B(E2)’s in W.u.
ik 658
PG et al., Phys. Rev. C 86, 27.4(3) Intruder
044304 (2012) R band
ot 0
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UNIVERSITY

Pulling apart the configurations — e.g. ''°Cd #GUELFH

Detailed spectroscopy via B-decay and (n,n’y) enabled
observation of, or stringent limits on, nearly all possible decays

6+
__3_?_(_7;_)____.___.__________2__251 &
1.8(13)
62(18) 12(4) , 115(35)
'y 1 | b 1784 2+
. 4+ l <8I 29(5)
---------- v 1473 ¥ o
46(5) <4!
nt.
27.4(3) band
0+
PG et al., Phys. Rev. C 86, Transitions labelled in W.u.

044304 (2012) Relative B(E2) in parenthesis

Dashed lines: unobserved transitions
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Pulling apart the configurations — e.g. ''°Cd

4+

(0.6)

0 i

PG et al., Phys. Rev. C 86, Transitions labelled in W.u.

044304 (2012) Relative B(E2) in parenthesis
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Revealing the underlying structure — e.g. ''°Cd

Transitions labelled in W.u.
Relative B(E2) in parenthesis
Weak transitions removed for clarity

2480 6+
2+ 2356
______ 36 (11) -
T . . 2251 il
62 (18) 115(35)
NO 17348 2\ 3
22 (10) \ 23 (7) ]542 4+ ]473 29 (5())+
""""""""""" o i \
19¢4) 46 (5) <4( 1Intruder
\ I band
658 2 ‘L
The 0,* states
+ 27.4 (3) 4
IS G sj[ates systematically strongly
systematically strongly - o orefer to decay to the
prefer to decay tothe |~ >* intruder - another
+ 66, 7
ol RS0 “K=0" intruder band
head?
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Revealing the underlying structure
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#GUELPH

0t

39(7)

1.1(5)

122Te

B(E2) in W.u.

11/10/2017

0.012(2)

1433

1224 0*

51(14)

50.9(25)

IOZPd

o .
;53{_“"“_"f311 0
06 (40)
15.020) < 0.0004
........................ 356 2+
4.2(21)
32.6(23)
,,,,,,,,, 0 0+
0t
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Shape coexisting structure

| 695 0*

7 95.5(+33,-15)

The favoured
and enhanced
decay of the
excited non-
intruder 0*
state to the 2,*
state, rather
than 2,* state,
common
feature in Cd,
Te, Pd, Ru,
Mo, Xe,...

Structure of
non-intruder
states not that
of a spherical
vibrator
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Are their any surviving candidates for near harmonic

vibrational motion near Z = 50?

UNIVERSITY
oGUELPH

Where detailed
Coulomb
excitation data
exists,
consistent with
deformed y-soft
or triaxial
structure

13384 488 858

by Arima and [achello [9], the Cd nuclei, and especially ”"Cd, can still be regarded as

paradigms for U(5) dynamical symmetry.

J. Kern et al. / Nuclear Physics A 593 (1995) 21-47 27
z«[5¢| Xe 18| 120

2| Te x| [x 4
44 43 50 52 54 56 58 60 62 64 66 €8 70 72

| cd X bd [d bd e

«| Pd % % [

| Ru |o E DAMLS

2] Mo a
E sr Tm the Cd nuclei appear to be among the best U(S) candidates. As proposed
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