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Shape coexistence in Z = 50 region
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additional” states observed

— attributed to 2p-2h excitations across the Z = 50 shell
closure, i.e. Pd isotopes as “inert core”

Figures:
P.E. Garrett, SSNET17
D. Rowe and J.L. Wood, Models of Nuclear Structure: Foundational Models (World Scientific, Singapore, 2010)
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Shape coexistence in Z = 50 region

Quasi-rotational structure of Cd isotopes and mixing 1166 — |s the 3 0+ bandhead?
between the different configurations 2p-2h Band
(are there “true” vibrational states at all?) | 3033 f |
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P.E. Garrett and J.L. Wood, J. Phys. G 37, 064028 (2010) J.L. Poreetal.,, EPJA 52,27 (2017)

Experimental requirements:
= Selective probe needed to excite those low-spin states (non-Yrast)

= Small y-decay branching ratios need to be detected
= Lifetimes and multipole-mixing ratios need to be measured for the determination of
reduced transition strengths
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(p,p’y) DSA coincidence technique
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(p,p‘y) DSA coincidence technique: A. Hennig et al., NIM 794, 171 (2015)
SONIC@HORUS (UoC, Germany): S.G. Pickstone et al., NIM 875, 104 (2017)
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(p,p’y) DSA coincidence technique
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Lifetimes of intruder states
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1125n
E, [keV] Jr J7 E, [keV] L, [%]
1256.5(2) 27 07 1256.5(2) 100
2150.5(3) 25 0F 2150.5(2) 20(3)
25 2f 893.9(2) 100
2190.5(2) 07 27F 934.0(2) 100
2247.0(3) 47 27 990.47(10) 100
2353.7(2) 37 2f 1097.2(2) 100
2475.5(2) 27 0F 2475.5(2) 100
2F 2F 1218.9(2) 36(5)
2 05 284.9(2) 0.70(10)
2520.5(2) 43 2f 1264.0(2) 100
2945.0(7) 4+ 27 1688.5(2) 100
4+ 25 794.2(2) 5.4(10)
4+ 47 697.9(2)* <1.5
4+ 25 469.5(2) 18(3)
4+ 43 424.6(3)* 4.9(9)
4+ 67 396.4(4)* 2.3(5)
4+ 4+ 161.4(2)* 9(2)

v-decay behavior of the states of interest

114G
E, [keV] VA E, [keV] L, [%]
1299.72)  2F  0F  1299.7(2) 100
1952.92)  0f  2f 653.2(2) 100
215592)  of 2 856.2(2) 100
2187.33) 47 2f 887.6(2) 100
2238.6(2) 27 0F 2238502 100
o 2 938.9(2) 81(12)
o oF 286.5(10)  0.9(3)
227452) 37 2 974.8(2) 100
242052)  0f 2 1120.8(2) 100
2453.8(2)  2F  0F  2453.7(2) 28(4)
27 2F 1154002 100
oF 2 215.4(4) 1.3(3)
2514.42) 37 4 327.1(2) 100
26137(4)  4F 25 1314502 100
4 47 426.0(4) 1.6(6)
4 2 375.2(3) 1.8(6)
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1125n
E. [keV] JT JJ;?. E, [keV] L, [%]
1256.5(2) ZT OT 1256.5(2) 100
2150.5(3) 25 07 2150.5(2) 20(3)
2+ 27 893.9(2) 100
219052)  0f  2F  934002) 100
2247.0(3) 47 27 990.47(10) 100
23537Q) 30 20 _1097202) _ _ 100_
[2475502) 2f 07 2475.5(2) 100 | |
| 2+ 27 1218.9(2) 36(5)
20 2%400) _ 0.7000)
5350 5(2) 45 2] 1264.0(2) 100
[50as007) & 37 168850 100
| 4+ 2F 794.2(2) 5.4(10)
| 4+ 4f 697.9(2)* <1.5
4+ 2F 469.5(2) 18(3) |
| 4+ 43 424.6(3)* 4.9(9) |
| 4+ 6F 396.4(4)* 2.3(5)
4 A eldr 9 |

v-decay behavior of the states of interest

114G
E, [keV] VA E, [keV] I, %]
A2997) 2 0f 129972 __ __100
195292 07 _ 2f 65322 _ _100]
2155.92) 0, 2; 856.2(2) 100
2187.303)__ _4i__ _2i__ __887.6Q2) 100,
|'2238 62)  2f  0f  22385(2) 100 !
2+ 2} 938.9(2) 81(12)
|27 05 286.5(10) 0.93)|
T332) — ?__?T_TWR(T__NTT
242052)  0F  2f 1120.8(2) 100
2453.82) 25 0F 245372 28(4)
27 2f 1154.0(2) 100
2 215.4(4) 1.3(3)
2514.4)__ 3 47 __32710)__ __ 100
2613.7(4) 4 2f 1314.5(2) 100
4 4 426.0(4) 1.6(6)
| 43 25 375.2(3) 1.8(6)|
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v-decay behavior of the states of interest

1125n 114Sn
E. [keV] T Iz E, [keV] I, [%] E, [keV] J7 Jr E, [keV] I, %]
1256.5(2) 2F 0 1256.52) 100 1299.7(2) 2% 0F _ 1299.7(2) __ __ 100
2150.5(3) 2+ 07 2150.5(2) 20(3) 1952.9(2) 0t 2+ 653.2(2) 1001
25 2f 893.9(2) 100 2155.9(2). 0F 7+ 856.2(2) 100 |
_______________ 2187.33)__ _’-3’-___515’-____8i7_6L°_ — 100,
|219052)  of  2f 9340 100 | |'2238 62) 2 07 2238.5(2) 100 |
2247.0(3) 4?_ 7}: 990.47(10) 100 2,)+ 2?— 938.9(2) 81(19]
23370) . 3 A 19720 100 |27 0F 286.5(10) 0.93)|
[22755(2) 2! 07247550 %102 | 30T — T — ¥ — IIRE — —I00
| ! o ;84'952; . 7%(( 1)0)| 24205(2)  0f  2F  11208(2) 100
s — —43— — —2?, — B =~ 2453.8(2) 2{ 0} 2453.7(2) 28(4)
27 2+ 1154.0(2) 100
0*@2617 keV T o 2 215.4(4) 1.3(3)
________ e e e e 2514.40)__ _3f__ 47 __327.1Q)__ __ 100
[ 2945.0(7) 4+ 27 1688.5(2) 100 2613.7(4) 4% 2f 1314.5(2) 100
| 4+ 2+ 794.2(2) 5.4(10) | 47 a7 426.0(4) L. 6(6)'
I 4+ 4f 697.9(2)* <1.3 L 4% 2% 375.2(3) 1.8(6)|
4+ 25 469.5(2) sy —— -
| 4+ 4 424603 4.9(9)
| A+ 6/ 396.4(4)* 2.3(5) \
S S [ TG ——Y | “intruder” states
* New y-decay branching e e ———— I
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Shape coexistence in 11?Sn

11 P.E. Garrett and J.L. Wood,
4000 2p - 2h Op - 4h 4p - Oh OCd J. Phys. G 37, 064028 (2010)
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L mtr n n I
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Shape coexistence in 11?Sn

P.E. Garrett and J.L. Wood,
4000 2p - 2h Op - 4h 4p - Oh 110Cd J. Phys. G 37, 064028 (2010)
i 6T —— 67 ——
3500 6 107(13) 115(10) | 2877 6" |
i o | 185(63) 4t _y AT _y | |
3000 | r |
s jutr7 46(9) o | 76(9) A 128(6) |
200 e O 0@ . | se | |
0.42(14) P8(7) 01 N | sy ar |
2000 108 e, g |
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1500 | I 109(62,53) |
____________ n 2(4.1)
1000 F Ry/p = 2.6 : _______ ( _____ 3G.1) 17839 27|
500 125(8) | 23(27,18) I
_ o = Similar collectivity in intruder Ij'_'_'_jjj'_'_ _________ 1473 § o+ |
0L O structure as in 119Cd (2p-4h) |
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Shape coexistence in 11?Sn

ooy - e V] 2p - 2h op-4h  4p-oh [l EEEISE
‘ 112 67 —— 67 —— #2220 |
3500 1 Sn 6F 107(13) 115(10) |

s00 | 4°@2913kev | IO 4 ] :
: O P S 47609 | 125(6) : 33(11)  17(7) |

I

o 2" w476 T

I

I

30(5) I

I

= Similar collectivity in intruder |

structure as in 119Cd (2p-4h) |SESITI S |

" Interband transitions also weak first 2* state |

= Quasi-rotational structure of Cd | A IC)RUTN

isotopes was proposed

“Quasi-rotational structure” already existent at higher energies in Sn isotopes?
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Shape coexistence in 114Sn
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I 6intr
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T3 A+
Lo+ < 2 intr.
23 oo A6
i T fsu
3(2 2
2) 5.9(5) 23.2(8)
i 2?— y ] _
| Ry =2.3
11.1(7) :
o = Second 2% is now the “intruder”
L v

NSCL

MICHIGAN STATE
UNIVERSITY

M. Spieker — Shape coexistence and collective low-spin states in 1121145n



Shape coexistence in 114Sn

1000 [ B lkeV] 2p - 2h
I 114
3500 Sn
I R 6.
3000 - I 18.9(12 it
4 (12) N 97(5)
_ 4 % A4
2000 £ g 0; 1=
i 5.9(5) 23.2(8)
1500 |
1000 -
roo B o o V24
7 I = Second 2* is now the “intruder
0 - — = “Intruder” 0* E2 decay is more

collective than in 112Sn
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Shape coexistence in 114Sn

2000 - E; [keV]
I 114
3500 +
3000 + "I_iéfgnié _______
_45; (12)
500 o+
2500 _23
2000 )
1500 +
1000 +
500 . “ »
’ I = Second 2*is now the “intruder
0 - — = “Intruder” 0* E2 decay is more

collective than in 112Sn
= “Normal” 2* (379) E2 decay less
collective than in 112Sn
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Shape coexistence in 114Sn

1000 [ B lkeV] 2p - 2h
I 114
3500 Sn
I R 6.
3000 - I 18.9(12 it
4 (12) N 97(5)
_ 4 % A4
2000 £ g 0; 1=
i 5.9(5) 23.2(8)
1500 |
1000 -
roo B o o V24
7 I = Second 2* is now the “intruder
0 - — = “Intruder” 0* E2 decay is more

collective than in 112Sn
= “Normal” 2* (379) E2 decay less
collective than in 112Sn

Influence of underlying single-particle structure or overall structure change?

Different influence of neutron single-particle states?
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Shape coexistence in 114Sn

4000

3500
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114
- Sn
+
I 6intr
i+ 18.9(12) 97(5)
3 AT
Lo+ < 2 intr.
_23 + o 63(25)
i o e B Ry
3(2 2
(2) 5.9(5) 23.2(8)
i 21+ Y o] N
L R4/2 = 2.3
11.1(7)
o = Second 2% is now the “intruder”
L " 1_‘_1 . = “Intruder” 0* E2 decay is more
4/2 — collective than in 112Sn

= “Normal” 2* (379) E2 decay less
collective than in 112Sn

Influence of underlying single-particle structure or overall structure change?

112cd

P.E. Garrett and J.L. Wood,
J. Phys. G 37, 064028 (2010)

NSCL

MICHIGAN STATE
UNIVERSITY

Different influence of neutron single-particle states?
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Shape coexistence in 114Sn
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3500

3000

2500

2000

1500

1000

~ Eg keV] 2p - 2h Op - 4h 4p - Oh
114 —
~ Sll 67 —— 6+ o
_________________ 6F 108(11)
mtry
=3 A+ IR
i < 2 intr. 90(7) 92(2
_23 o 2; 63(25) 2t _ ¥ ot _ ¥ 2
| o oF < 44 0+ _35-5(9) 01 _84(4)
32) 5.9(5) ’ 23.2(8)
‘ . 110 118
- Pd Xe
2? Yy o ______] __
B R4/2 = 2.3
11.1(7)
o = Second 2% is now the “intruder”
L R 1 ‘_1 . = “Intruder” 0* E2 decay is more
4/2 = collective than in 112Sn

= “Normal” 2* (379) E2 decay less
collective than in 112Sn

112cd

P.E. Garrett and J.L. Wood,

J. Phys. G 37, 064028 (2010)

| 4 2081 |
| I I |
| ST
B 2g(9) 56(17)
| 68(21) |
| |
| oz |

first 2+ state
B(E2) = 30.2(3) W.u.

Influence of underlying single-particle structure or overall structure change?

NSCL

MICHIGAN STATE
UNIVERSITY

Different influence of neutron single-particle states?
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Shape coexistence in 114Sn

Comparison to IBM-2 mixing calculations
116 d n+
(assuming 119Pd to cause intruder structure) Sn —Is 3" 0* bandhead?

2p-2h Band

Jr Er  Ezmm J7 B(E2)exp.l B(E2)BM | 3033 _
MeV]  [MeV] ! W] W] : B(E21-44(3)V\{).u.
normal configuration Iy,2 - 516(14) %
of 130 130 07  1L.1(7) 11 | }
45 219 228 2f  509(5) 19 R R, A SO AR, B A——
0f 195 100 27  23.2(8) 91 |
27 245 2.54 07 0.023(9) 0.004
of 3(2) 7 |
oF ; 8 | 2
intruder configuration
I iE & < 2 : B(E2) = 100(8) W.u.
of 224 246 07  <0.12 0.04 3 =0.0091(6) %
oF <8 2 |
i o<uow | el
3 - 7 o B
4F 261  3.00 2f  6.6(10) 0.2 | e -
44 1.6(10) 0.06
2 62(25) 85
6+ 319 363 47 1.68(9) 1.5
4 07(5) 03
44 18.9(12) 0.7
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Shape coexistence in 114Sn

Comparison to IBM-2 mixing calculations
116 d n+
(assuming 119Pd to cause intruder structure) Sn —Is 3" 0* bandhead?

2p-2h Band
J' Ex  Exmm J7 B(E2)exp. . B(E2)BM | 3033 _
MeV] [MeV] [W.u] [W.u] I B(E2) = 44(3) V\{).U.
normal configuration y,2= 516(14) %
of 130 130 0]  11.1(7) 11 |
45 219 228 2f  509(5) 19 |
0f 195 199 27  23.2(8) 21 |
27 245 2.54 07 0.023(9) 0.004
oF 3(2) 17 |
oF ; 8 |
§ . intruder configuration I B(EZ) _ 100(8) WL
04 2.16 2.15 I =0 9(3) % (EXp ) I
of 2214 246 [EREEENS ' |, 5=0.0091(6) %
5~ 0.002 % (IBM) | :
T - J.L. Poreetal.,
| 02 < 4 31 | | EPJA 52, 27 (2017)
03 27 T
g+ : - #4-———-—_——————_—— —
SRR B(E2) = 55.5(9) W.u. in 110Pd
25 62(25) 85
6+ 319 363 47  1.68(9) 1.5
4 07(5) 03
4 18.9(12) 0.7
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Shape coexistence in 114Sn

Comparison to IBM-2 mixing calculations
116 d n+
(assuming 119Pd to cause intruder structure) Sn —Is 3" 0* bandhead?

2p-2h Band

Jr Er  Ezmm J7 B(E2)exp.l B(E2)BM | 3033 _
MeV] [MeV] ! [W.u] [W.u] B(EZ) 3 44(3) W.u.
normal configuration Iy,z = 516(14) %
oF 130 130 0]  11.1(7) 11 )
45 219 228 2f  59(5) 19 | VR &y T B
0; 1.95 1.99 27 23.2(8) 21 _
27 245 254 07 0.023(9) 0.004
2 3(2) 17
2 - 8

intruder configuration

05 216 215 _
23 2214  2.46 l,»=0.9(3) % (Exp.)
|, 5~ 0.002 % (IBM)

B(E2) = 100(8) W.u.
5 = 0.0091(6) %

T - J.L. Poreetal.,
I 02_ <44 ;i I EPJA 52,27 (2017)
3 [
RN B(C2) = 55.5(9) W.u. in 110Pd
% 62(25) 85
T o 1;?;? How could this large B(E2) in 116Sn be explained?
. ‘
4 18.9(12) 0.7
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Shape coexistence in 114Sn

Comparison to IBM-2 mixing calculations
116 d n+
(assuming 119Pd to cause intruder structure) Sn —Is 3" 0* bandhead?

2p-2h Band

J' Ex  Exmm J7 B(E2)exp. . B(E2)BM 3033

B(E2) = 44(3) W.u.

MeV] [MeV] [W.u] [W.u]
normal configuration 7.2 = 516(14) %
oF 130 130 0]  11.1(7) 11 )
45 219 228 2f  509(5) 19
0; 1.95 1.99 27 23.2(8) 21
27 245 2.54 07 0.023(9) 0.004
25 - 8

intruder configuration

B(E2) = 100(8) W.u.

0F 2.16 2.15 —
3 )= 0.9(3) % (Exp.) |, 5 = 0.0091(6) %

25 2.24 2.46

l, 3 ~0.002 % (1BM)
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2F 3(2) 17 I
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+ ) J.L. Poreetal.,
| UE < 4 31 | EPJA 52, 27 (2017)
07 27
EREEACIE B(E2) = 55.5(9) W.u. in 11%Pd B(E2) = 40(7) W.u. in 112Pd
25 62(25) 85
6+ 319 363 47  1.68(9)

& a1 How could this large B(E2) in 116Sn be explained?
. :
4 18.9(12) 0.7 B(E2) = 101(5) W.u. in 120Xe
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Summary

= SONIC@HORUS to determine

lifetimes and y-decay behavior of
low-spin states via (p,p’y) DSA
coincidence technique

[A. Hennig et al., NIM 794, 171 (2015) ]
[S.G. Pickstone et al., NIM 875, 104 (2017)]

Collectivity of low-spin “intruder”
states studied in 1121143n

Mixing hypothesis between normal
and intruder configuration tested via
schematic IBM-2 mixing calculations

No clear hints at quadrupole
multiphonon structures in 1121145n

[M. Spieker et al., PRC 97, 054319 (2018)]
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(p,p’y) DSA coincidence technique

Determination of y-energy centroid shifts due to Doppler effect
with SONIC@HORUS at UoC (Cologne, Germany)

Ey (O, t):EO (I—I—F( )?cosG))

#§ The (p,p“y) DSA coincidence technique

= Lifetimes from 10 fs to 1 ps can be measured
" Wl Feeding from higher-lying states excluded due
to py coincidences (excitation gate)
b} = y-decay branching can be measured
3 — Partial decay widths accessible
= Dozens of lifetimes in one experiment!

" J=0-6 are excited with (p,p) at E, = 8 MeV

]
L |
4
)

(p,p‘y) DSA coincidence technique: A. Hennig et al., NIM 794, 171 (2015)
SONIC@HORUS (UoC, Germany): S.G. Pickstone et al., NIM 875, 104 (2017)
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(p,p’y) DSA coincidence technique

Determination of y-energy centroid shifts due to Doppler effect
with SONIC@HORUS at UoC (Cologne, Germany)

Ey(©,t) =, (1 +F(t )? COS@)

 ~5.l | The (p,p‘y) DSA coincidence technique
M. \WM N : )
Lt - — - b " Lifetimes from 10 fs to 1 ps can be measured
TR | . ‘ ¥ = Feeding from higher-lying states excluded due
“3 cleqs ‘rb“ ' B {0 py coincidences (excitation gate)
e S ‘ }' = y-decay branching can be measured
d_, .| — Partial decay widths accessible
= Dozens of lifetimes in one experiment!
" J=0-6 are excited with (p,p) at E, = 8 MeV

(p,p‘y) DSA coincidence technique: A. Hennig et al., NIM 794, 171 (2015)
SONIC@HORUS (UoC, Germany): S.G. Pickstone et al., NIM 875, 104 (2017)
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Shape coexistence in Cd isotopes

| 28 = “3dditional” states observed
62480 Q .
> 235 N — attributed to 2p-4h
o o s s | SN O o
1 | L 1 TrE | I i excitations across the
. S vlm 25|m 'O%_l _____ SRR PO O Z = 50 shell closure, i.e. Pd
VVVVV 4 I3 x . .
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® .
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[ 2 I 5
I 2572 6" 9-
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Shape coexistence in 114Sn

E, [keV - - - .
1000 B [V 2p - 2h Op - 4h 4p - Oh Ground-state energies
i 114 + compared to
3500 Sn 0F —— o+ e
T o 08y Pairing rotor model
intr.
3000 |, | 1s.902) sy 4 (1 |
K 2 4 90(7) S |
= B < int
2000 raf N ;r 63(25) ot _¥ ot 920 |
L __4 2 S ~
1 55.5(9 84(4] %
2000 £ g 0, 4= gr a0 e g 84 : 2 I
[ 5.9(5) 23.2(8) 110 118 Z
ook \\ Pd Xe | :
1000 + : |
' |
500 c w“ ”
| = Second 2* is now the “intruder |
oL _ NI A IO R PR VA ., — — — — — — — — — —

P.E. Garrett, J. Phys. G 43, 084002 (2016)

collective than in 112Sn
= “Intruder” 0* E2 decay is more
collective than in 112Sn

Influence of underlying single-particle structure or overall structure change?

Different influence of neutron single-particle states?
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Neutron single-particle structure

1400 Odd-A Sn isotopes
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Are there quadrupole multiphonon states?

Jr E, J B(E2)exp. 124Sn
[keV] (W] D. Bandyopadhyay et al., NPA 747, 206 (2005)
250 J7 [h] T[] Exp [Wou]
0+ 2617.4(3) 2} <2 " -
of <7 2] 0] 9.0?
2+ 2720.6(2) 0f < 0.02 4? zfr 4.8a
27 0.0675:0% 2t 2t <93
2} <43 1 L '
ol 3.3(12) 23 0] < 0.004
3+ 2755.2(3) of < 0.004 0y of <383
2 <12 ot >+ - 73
47 <45 0%“ 21 L6
4 <02 3 1 =4
- - + A 4+0.2
4+ 2783.5(2) 2f 5.1(6) 23 2, 445,75
4+ o .
S n o ot 01203
Sn :
+ + +0.008
1 5859.2(5) of 2.5(4) 21 0# 0.028 _ 597
at <10 61 41 <90
2t <5 37 at < 46b
2+ 2043.4(2) 0f < 0.001 ﬂi L b
2f <0.3 1 2, <67
oF <04 37 2t <03
Q;’ < 0.9 At 4+ 5 .1_|_14
0+ <16 3 2 3.1
27 <5.2 3 1 £-0.2
0+ 3025.0(2) of 1.7(7) 4t 2f 0271033
2% 1.4(10 ) — :
Qi 16[8)} @ Calculated using the halflives from Ref. [14].
2 b Calculated using mixing ratios from the present work and from Ref. [20].
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IBM-2 calculations

Table IV. Comparison of the normal and intruder configura-
tions identified experimentally and the predictions of the sd
IBM-2 with mixing in **Sn. The parameters for the intruder
configuration were adopted from Ref. [53], i.e. ''°Pd. The
parameters for the normal configuration in '**Sn were adop-
ted from Ref. [54] but slightly changed, i.e. Cph, = —0.55,
o, = 0, and Cy., = —0.31. The mixing parameters a and
B were kept at 0.2 and 0, respectively. A, ie. the relative
energy shift between the normal and intruder configurations
was set to 2.78 MeV. The parameters of the F2 operator were
also slightly changed to e, = 0.07eb?, e, = 0.105eb? and
ez/ep = 1.43. The experimental B(E2; 2] — 07) value is ta-
ken from Ref. [35]. For a deseription of the Hamiltonian, the
E2 operator and their parameters see, e.g., Refs. [53, 55].

JI E:  Ezmm Jf B(E2)exp. ! B(E2)iBm |

MeV]  [MeV] [W.u] [W.u]
normal configuration
57 130 130 07  1L1(7) 11
4 219 298 2F  5.9(5) 19
0f 195 199 2f  232(8) 21
25 245 2.54 07 0.023(9) 0.004
of 3(2) 7
oF - 8
intruder configuration

05 216 2.15  2f <5 2
of 224 246 07  <0.12 0.04
oF <8 2
0F <44 31
0f - 7
4 261 300 27 6.6(10) 0.2
4 1.6(10) 0.06
2F  62(25) 85
6+ 319 363 47 1.68(9) 1.5
b 97(5) 93
45 18.9(12) 0.7
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th.

llOPd

Hamiltonian:

H= €ExNy, + Eng, + KQn Oy + My +Var +V,,
Parts of Hamiltonian:

Qo=(d" xs+ st x )P+ x,(d" x D,  p=mv,
M,,,:%fg(sf, x di —dl x sy (s, xdy —dy, X 57)@
+ 3 &ldl xd)H® - (dy x d,)®
= (k and &s are O for 114Sn)

1 " -
Vo= 3 3i(d xah® (&, x )P, p=m

L=0,2,4

Mixing part:
Hmix = a(s.'rrs".'.' T 'gﬁ‘qﬂ)(())+ B(d;ldﬂ+ JTT&TT)(OJ

110pd: K.H. Kim et al., NPA 604, 163 (1996)
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Quadrupole-octupole coupled states
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11261n: Quadrupole-octupole coupled states

E, JT J7 E; E, I, B(E1) ] B(E2) |
[keV] - [keV] [keV] [mW.u.] [W.u.]
1256.5(2) 2f 0f 0 1256.5(2) 1 12.5(7)*
2353.7(2) 37 ZT 1256.5(2) 1097.2(2) 1 1.13(8)
3383.3(2) 3 2F 1256.5(2) 2126.8(2) 0.85(2) 0.120(9)
2 2150.5(3) 1232.9(2) 0.041(9) 0.030(7)
(27,3,4%) 2917.0(2) 466.5(2) 0.11(2) 1.5(2)
3396.6(2) 2-) ZT 1256.5(2) 2139.9(2) 0.057(13) 0.005(2)
2+ 2150.5(2) 1246.1(2) 0.64(3) 0.30(9)
3 2353.7(2) 1042.4(2) 0.27(5) Qfg
25 2720.6(2) 675.8(2) 0.039(9) 0.11(5)
3433.4(2) 1 0f 0 3433.4(2) 1 1.31(15)
3497.9(2) 5 3 2353.7(2) 1144.2(2) 0.70(4) 29(13)
43 2520.5(2) 977.1(2) 0.27(6) 0.39(18)
4+ 2783.5(2) 714.7(3) <0.03 <0.19
3553.2(2) 3) ZT 1256.5(2) 2296.8(2) 0.83(3) 0.06(2)
37 2755.2(3) 797.7(3) 0.17(3) 0.30(10)
3827.1(3) (1-,2%) 0f 0 3827.1(2) 0.58(3) 0.040(5)
ZT 1256.5(2) 2570.8(2) 0.29(5) 0.066(11)
37 2353.7(2) 1473.0(7) 0.13(3) 4.5(11)
3984.7(3) (1-,2%) 0f 0 3984.7(3) 0.79(2) 0.08(2)
3 2353.7(2) 1630.0(3) 0.14(2) 5(2)
Z_T 2475.5(2) 1507.8(4) 0.07(2) 0.137(95)
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1145n: Quadrupole-octupole coupled states

E. JT Iz E; E, I, B(E1) | B(E2) |
[keV] [keV] [keV] [mW.u.] [W.u.]
1299.7(2) 2f 0f 0 1299.7(2) 1 11.1(7)*
2274.5(2) 37 2f 1299.7(2) 974.8(2) 1 0.65(8)
2814.6(2) 57 47 2187.3(3) 627.4(2) 0.88(2) <0.77
37 2274.5(2) 539.9(2) 0.123) <38
2904.9(3) 3~ 2t 1299.7(2) 1605.1(4) 0.026(5) 0.0030(14)
4f 2187.3(3) 717.3(2) 0.77(2) 0.7(3)
3f 2514.4(2) 390.2(2) 0.20(3) 1.6(7)
45 2613.7(4) 290.3(4) 0.011(4) 0.21(12)
3225.1(2) 3~ 2f 1299.7(2) 1925.4(2) 0.920(14) 0.11(2)
25 2453.8(2) 771.4(4) 0.019(7) 0.04(2)
3~ 2904.9(3) 319.9(4) 0.061(13)
3397.3(2) 3~ 2f 1299.7(2) 2097.6(2) 0.31(5) 0.06(2)
24 2238.6(2) 1158.3(2) 0.13(2) 0.14(6)
37 2274.5(2) 1122.0(4) 0.44(2) 3t
25 2453.8(2) 943.2(2) 0.12(2) 0.24(10)
3452.1(2) (17) 0f 0 3452.1(2) 1 1.6(7)
3483.9(4) (17,2 2f 1299.7(2) 2184.1(2) 0.671(13) 0.06(2)
0f 2155.9(2) 1327.7(3) 0.094(14) 0.037(11)
37 2274.5(2) 1209.0(2) 0.235(14) 5.2(13)
3514.1(3) 3- 2t 1299.7(2) 2214.4(2) 0.76(3) 0.14(6)
4f 2187.4(3) 1327.0(4)¢ 0.07(2) 0.06(3)
2} 2238.6(2) 1275.0(3) 0.17(3) 0.17(8)
3524.4(2) 3~ 2f 1299.7(2) 2224.5(3) 0.55(3) 0.023(17)
4f 2187.3(3) 1158.3(2) 0.15(3) 0.028(22)
37 2274.5(2) 1122.0(4) 0.13(2) 1.2(10)
25 2453.8(2) 943.2(2) 0.17(3) 0.08(6)
3610.2(4) 50 aF 2187.3(3) 1422.9(3) 1 1.0(3)
3650.3(3) (1-,2%) 0f 0 3650.1(3) 0.44(3) 0.012(4)
2t 1299.7(2) 2350.3(3) 0.11(2) 0.011(5)
07 2155.9(2) 1493.7(3) 0.09(2) 0.04(2)
3; 2274.5(2) 1374.6(2) 0.36(6) 6(2)
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