Determination of the B (E3,0+—> 3") strength

in the octupole correlated nuclei 1*>'*Ba
using Coulomb excitation

Spokespersons: M.Scheck, D.T.Joss

Proposal presentation

INTC meeting
October 315 2012

CERN-ISOLDE, Cologne, Darmstadt, Grenoble,
Jyvaskyla, Kentucky, Leuven, Livermore, Liverpool,
Lund, Central Michigan, Munich, Oslo, Rochester,

Saclay, Sofia, Warsaw, & York




Octupole collectivity in nuclei l

[ Microscopic ]

Nuclear shell structure

(L+3)(_;+3)

Lj} PP




Octupole collectivity in nuclei l

[ Microscopic ]

Nuclear shell structure

(]-"-I-g)(_:]t +3) .“.

i

Lj} 00006




Octupole collectivity in nuclei l

. . ] E((L+3)(J+3))-E(L)<<
[ eroscop e E(L) < € < E((L+3)(J+3))

Nuclear shell structure

(]-"-I-g)(_:]t +3) b

SF“LTE 50006




Octupole collectivity in nuclei l

. . ] E((L+3)(J+3))-E(L)<<
[ eroscop e E(L) < € < E((L+3)(J+3))

_--

Nuclear shell structure :
Strong octupole correlation

(]-"-I-g)(_:]t +3) b

SF“LTE 50006




Octupole collectivity in nuclei l

. . ] E((L+3)(J+3))-E(L)<<
[ Microscopic E(L) < €5 < E((L+3)(1+3))

_--
Strong octupole correlation

Nuclear shell structure

(L+3)(‘}+3)

€F__Lﬂ:




Octupole collectivity in nuclei l

. . ] E((L+3)(J+3))-E(L)<<
[ Microscopic E(L) < €5 < E((L+3)(1+3))

_--
Strong octupole correlation

Nuclear shell structure

(L+3)(‘}+3)

€F__Lﬂ:




Octupole collectivity in nuclei l

[ Macroscopic]

Nuclear Shape:
ol —pole
L=3:Octupole

PEAR shape




Octupole collectivity in nuclei l

[ Macroscopic]

Nuclear Shape:
2L—polc
L=3:Octupole

PEAR shape

<

reflection asymmetric




Octupole collectivity in nuclei l

[ Macroscopic] E [MeV]
Nuclear Shape: 2.0
2L—polc

L=3:Octupole

<

PEAR shape

reflection asymmetric

1.0 +

A

4 10

]
—‘_

E2
E2

+ E2
8 S~ Y
E : F2
6+_‘F

2
E2

NNDC Database J




‘ Experimental observables — Status l

[ 3 excitation energies‘ { B(E3) strength ]

L.

5000 -

#5n (50)
— uTe (52)
% 4000 1 Xe (54)
X uBa (56)
= 3000 1Ce (58)
s uNd (60)
5 2000 | sm (62)
c Gd (64)
L 1000 - m Dy (66)
Er (68)
0 i




‘ Experimental observables — Status l

[ 3 excitation energies‘ { B(E3) strength ]

5000 - % {.
=5n (50) “
< ] uTe (52) —
% 4000 1 Xe (54) 3
X #Ba (56) B 40 %
= 3000 - mCe (58) S I %
> uNd (60) a o
o) 2000 Sm (62) g 3r { %
c Gd (64) = ﬂ}
L 1000 A Dy (66) 2
(68) 1
0 § % 5 i }
° §'§ ‘ §§ ‘ E;E ‘
20 40

80
Neutron Number N




Experimental observables — Status
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Octupole collectivity
in the Barium isotopic chain?

Predictions by theory
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Coulomb excitation of '**Ba I

[de—excitation: Y—decay}

6+
3—
EI(+E3) 1
4+
E2
E1
+
2 negaltive parily states
E2 -> E1 and E3 matrix elements
0+ -> under-determined set of equations

Solution: Change Z of target —> change excitation paths




ISOLDE production yields

L

& experimental setup

|

-

Nucleus | Half-life | Target Ip PSB ISOLDE Yield at
[s] Material | [uA] or Production Coulex target
SC Yield [lons/s]
[lons/uC]
142B3 642 UCx 1.5 SC *1.1x108 *%2.2x10°
144Ba 11.5 UCx 1.5 SC *1.0x107 *%2.0x10°

** Assumption: 2% transmission through HIE-ISOLDE

[ Setup: RILIS, Miniball & TRex }

{* http://isolde.web.cern.ch/ISOLDE/ }




Reaction kinemaltics

Low Z: °°Ni
3.32 MeV/u

<= 90% safe CoulEx =»

Energy [MeV |

Energy [MeV]

N\

1MBa on Ni (2mg/cm?) with 3.32 MeV/u

14Ba on *Pb (2mg/cm?) with 4.07 MeV/u

projectile
target recoil
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High Z:°%°Pb
4.07 MeV/u



v-ray yields 1*’Ba |

Assumption: B(E3, J Y s J)=10 W.u.

58N 2+ -> 0* 359.6 513470
(40-65°) 4+ -> 2+ 475.2 30140

3 -> 2 966.9 350

1--> 0" 1326.5 <10
208p 24 2+ -> 0 359.6 248430
(40-70°) 4+ -> 2+ 475.2 79270

3 -> 2 966.9 400

1--> 0 1326.5 <10



v-ray yields 1**Ba |

Assumption: B(E3, J s J)=15W.u.

58 2+ -> 0* 199.3 204350
(33-70°) 4+ -> 2+ 330.9 13000

3 ->2¢ 639.0 300

1-->0* 759.0 230
208p 120 2+ -> 0 199.3 305170
(40-70°) 4+ -> 2+ 330.9 77900

3> 2* 639.0 280

1 ->0* 759.0 240



Requested beam time I

Laser ionisation ~10-15%
50% Laser ON & 50% Laser OFF

2B ¢ —-%8Ni : 2 shifts
42Ba—2%pPp : 3 shifts
4B o —- 58N - 10 shifts

144p o — 208py, . 15 shifts
Setup&Tune HIE-ISOLDE: 3 shifts

Total: 33 shifits




1S475 campaign: Example Coulex of 22°Rn
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