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Octupole Collectivity
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Microscopic origin

Aj=Al=3h lie near the Fermi surface

Octupole magic humbers
N,Z ~ 34, 56, 88, 134
Lanthanides

» m[ds, & hyq/0]

> V[f7/2 ® i43/2]

K NE 134

N =126




B(E1)

Nuclear pear shape gives rise to electric
dipole moment

Enhanced B(E1) transitions.

Dipole moment has microscopic and
macroscopic contributions.

B(E3)

Less sensitive to single particle effects
Direct measure of octupole collectivity
Difficult to access E3 transitions

E3 competes weakly against E1/E2

Coulomb Excitation usually best.

This work: beta-decay
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E,(37) = 1687 keV
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Rare-earth region .
L=56, N=388
. -
» Best studied region! a2 | a5 | 52
» Missing puzzle pieces. 6 | &5 |7
. : 36 39 | 33
» Increasing B(E3) with Z! 62 | 5 +3 | 43
» Drop in B(E3) at N=90 so | 30 |30.5 | 30 | 34
, $3 [$1.2 | £3 | 23
» How to measure B(E3) in “8Dy? 248 | 240
0.02947 =3 +16 |11.6
B(E3;37 - 01) = 6.8 ]
( ! 1) E)Z’l'EgAZ >6 11.? 22+ 4873,
17
«(37) * | =
TE3 = _ 82 84 86 |88 90
BRyPS(E3;37 = 07) U
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« 8Ho yield Heat shield

° > 106 ppS Repe"er Exit electrode
' Good © Target + I
. Dy, Tb, Gd, Eu /

transfer line

* Yields ~107 pps

« Bad ®

* Must suppress isobars
« IGLIS!

o &ff ~ 1%

« 10° suppression!

Extraction

® Neutral atoms electrode

© Positive ions (non-selective)
© Positive ions (selective)

Proposed by:
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Beam: 8MHp, J© = 5~
Rate: ~ 5000 pps
Time: ~ 6 hours

148mH0: ﬁ'l'/EC - 148Dy 01678 —2

1688.3

Goal: Two measurements
1. Branching ratio 37 - 07
2. 37 lifetime o o




E3 37 - 07 Branching ratio

51

» Can’t observe 37 — 27

|
» 10 keV gamma ray! 1 O kev 661

» Internal conversion= 27 _
» Exploit 27 — 07 + / 31
> Measure 221200 21 ;
Iy(3 1 —>O'1") 0175 §_ 1,(1677) /1 (1687) = 0.157(7)
» y(Ex—=370) v e 0::: l
> BRys(37 - 0) =0.862(11) 1677 1687 & = {* i

» Goal 1: Success! o1aE-
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» Next: Measure lifetime Energy (keV)
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Mirror Symmetric Centroid Differeng

scintillator assembly
LaBr; (Ce)+XP20D0

Fast Timing

TAC

radloactlve
source
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PRD calibration: PRD(y¢,v>) = AC — 21
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Counts

Counts
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AC (ps)
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AC.. =1039 (37) ps
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Exp.
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Results & Future

—

B(E3;3 — 0") W.u.

— | —=— Exp 68
- QRPA
- | — Shell Model s6 | 42 22 | 22
40 ... SM + B(E3/%5n) +3 7 | 45
B 64 37 42 45 52 21 [(16.9
= 15 6 5 17 | £5 |+0.7
30 62 | 36 39 | 33 [142 | 10
- +3 +3 | £3 |#1.6 | 22
- 30 (305 |30 |34 |19
201~ 80 | 43 |12 [ 23 | 23 | 22
- 248 |24.0
1ok °8 116 |1.6
_ 16.8 N .
n %6 | 117 22% a8 7, 48 73,
ﬂ' | | | | | | | | | | 17 .8
50 52 54 56 58 60 62 64 66 BB 70 72 54 | 6 5.5
Sn Te Xe Ba Ce Nd 5m Gd DY Er Yb Hf 89 84 86 88 S0 92
Proton Number £
Future
* B(E3;37 - 07) ~ 45 W.u. « Can we go to higher Z?
« Largest B(E3) at N=82! « When will B(E3) reduce?

« (Can we extend to heavier Dy i

QRPA: Esra Yuksel (Surrey) . Should we revisit 136Xe & 132

Shell Model: Y.X. Yu & G.J.Fu
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Extra slides




Projectile (Z1,A1)= ==~ ]

» High energy projectiles bombard
target nuclei.
* Purely EM interaction.
» Cline safe energy.
» Excitation sensitive to E2 and E3

Excitatior

matrix elements. kev] |
* y-ray decay 300 1
« M1, E1, E2
» Access to diagonal matrix 200 1
elements.
- E.g. (27 lIE2]|27)
* Determine sign of Q,
« Relative phase 0,0, 0 ol
» Multi-step excitation sensitive to ;
Z~-Z+ combination. R ? ] &;
. MI?E éetermined with GOSIA o(E3) [] ul [ B(E3)f 1107 A(E3) [ RO B( 3)f

K 0
o(E2) [all B(E2) ME2) DA B(E2)

Pietro Spagnoletti S2277
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« Clear change in behaviour between N=88 and N=90 isotones
« Rapid changes in E, (27) and B(EZ 07 - 27) 300
« Similar to Z~402
« Type-Il shell eyo
« Competing interpretations
« Shape COEXIStence, _ g,
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52209 @
 Study of excited gtates i 196, ' ecay at GRIFFIN

. Pr10r1ty1 statfis (Not yet scheduled) | | | |
- Not sensitive to B(E3407 —563 ) 58 60 62 64 66 68
* This study can provide hlghiy complementaﬂyh datadfor QnulE>Eranaly51$
- Branching ratios, mixing ratios, GFEEiHE, E0 transition intensities.

Pietro Spagnoletti S2277




Heat shield
Repeller Exit electrode

Target + I

longuide

transfer line

A _o 7 - EANANAY Laser

AL = \

oN | Extraction
eutral atoms . electrode

® Positive ions (non-selective)

© Positive ions (selective) Proposed by:

 Suppress surface ions with electro static potential barrier
» Extract ions created by laser ionization in cold environment behind the b
 lon guide to confine the diverging laser ions and guide them toward the
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