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Octupole Collectivity

Octupole correlations enhanced at the 222224pa S
magic numbers: 34, 56, 88, |34 R 220222
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Octupole Collectivity

Macroscopically...

Nuclei take on a “pear” shape
Reflection asymmetric

* B3-vibration

* B2-deformation + P3-softness
e Static 33-deformation?

Sighatures...
Odd-even staggering, negative parity
Parity doublets in odd-A nuclei

Enhanced El transitions
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Image: 1.Ahmed and P.A. Butler, Ann. Rev. Nucl. Part. Sci (1993) 43

2L deformation -- i
L=2: Quadrupole, oblate/prolate shapes
L=3: Octupole, reflection asymmetry
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Large E3 strength = B(E3;0" —37) = <07[|E3[[37 >
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Octupole Collectivity
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Octupole Collectivity
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Coulomb Excitation

Projectile (Z1,A1) -==-------

Sommerfeld parameter:

212282
7’} p—

N Target (£2,A2)
hv

“Safe” Coulex:
n>1



Projectile (Z1,A1)

E2

4+

E2

2+

E2

0+

Coulomb Excitation

E2

Ground State

N -
NP
P
RN
-
-
-
-~ -
-
-

\
\
\
7
\
'
/o
I

~_
7~
~
7/
/
/
/
7/

AN
AN
AN
AN
AN
\
AN
Y\
‘A
LN
Vo
Vo

s
Ve
s
Ve
E3/
Vs
s
s
s

¥ N Target (Z£2,A2)

Sommerfeld parameter:

o 21Z282
= hv

“Safe” Coulex:
n>1

Reduced matrix elements: < 07||E3||3~ >
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Separation E- i D —
On- Xperiment i g
Line

D .. Radioactive

E.. lon

Beam

A 1.0 or 1.4GeV protons
from PS Booster

C

=Il= Mass separation N\ S
T

in HRS

Heated tungsten line
B to ionise atoms
diffusing out of target

< -
o 3 - 8 &
- “‘v ) “'
- - -
Ee © - . -
e %e '
& "



MINIBALL

,* 22’4Ra beam
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MINIBALL |
* Particle ID in a Double- _, \

Sided Si Strip Detector.

* Event by event Doppler
correction.

¢« |7° < O < 54°

MINIBALL Ge Array

( —*

\
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* Array of HPGe of 8 triple clusters

* 6-fold segmentation for positioning

e € > 7% for |.3MeV Y-rays



The experiment - ??“Ra

12+ 137

1220.7 11-

1+ MO 7.4

B8+ 754.8

6409 7—

O+ 479.2
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2+ 84 .4
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The experiment - ??“Ra
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The experiment - ??“Ra
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e +{B(E210" - 27).-B(E3127 —-37)}

X [33

9_
MINIBALL Ge Array &
e[E1(3~ — 27)] = 206.0keV Y -

12+

1{H+

. I N

B+

A \\ \

N\ \

NN \

7- - ; N\
| A\ A
= | N 'i ',I \
224, - Ny o
Projectile - ‘jka I o Vo "

T ! .

H+

4+ Target - Cd

2+

: - N /,‘ K
0 2.83 A.MeV \_
634 MeV 2.0 mg/cm? — /
> 112 / 1205,




Analysis - ***Ra

- i pp1hQ1_ang

MINIBALL Ge Array Random subtracted 1-particle events Eririos 575901
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Analysis - ***Ra
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Analysis - 22*Ra
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Analysis - ***Ra

- i pp1hQ1_ang
MINIBALL Ge Array Random subtracted 1-particle events Eririos 555901
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Analysis - ***Ra

Total statistics, background subtracted, Doppler corrected for scattered projectile ra_sum
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Analysis - ***Ra

Total statistics, background subtracted, Doppler corrected for scattered projectile ra_sum
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Analysis - *2*Ra

Random subtracted 1-particle events Entrie?;m hQLa"sgzggm
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Analysis - *2*Ra

Random subtracted 1-particle events pp1hQ2_ang
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Analysis - *2*Ra

| Random subtracted 1-particle events pp1hQ2_ang
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GOSIA Simulation - 224Ra

224Ra on 112Cd Simulated Yields with background
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GOSIA Simulation - 224Ra

224Ra on 112Cd Simulated Yields with background
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Qutlook and “to do’’s

Extract B(E3;0* — 3°) !



Qutlook and “to do’’s

Proposal included #2%?22Rn and 2??Ra

222
220Rn Ra
Extract B(E3; 0* — 3°) !!
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Qutlook and “to do’’s

Proposal included 22%222Rn and 2?’Ra

222
220pn Ra
663.037) . 301.4 3173 +
100 242.1 r
2t 100
00'

Extract B(E3; 0* — 37) !

220Rn to be studied in July 201 |

220Rn on 120Sn Simulated Yields with background gaus220Rn_120Sn_wbg

10*

Note on Rn nuclei:

102
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3~ higher in energy, O is smaller
More time (events) needed

Entries 434842

Integral 3.672e+05

280 =

3T =27

To be continued...



Collaborators EGAN

European Gamma and Ancillary detectors Network

L. P. Gaffney, P.A. Butler, M. Scheck
University of Liverpool, UK

D. Cline University of Rochester, US
E. Kwan, C.Y.Wu Lawrence Livermore Laboratory, US
T.E. Cocolios, J. Pakarinen, D.Voulot, FWernander CERN-ISOLDE, Switzerland
A. Blazheyv, M. Seidlitz, N.Warr University of Koln, Germany

N. Bree, |. Diriken KU Leuven, Belgium
T. Grahn University of Jyvaskyla, Finland
M. Zielinska HIL University of Warsaw, Poland

and the ISOLDE and MINIBALL collaborations
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Gamma-Gamma Matrix - 2%*Ra

v~y matrix, DC for Ra GammaGammaRa v~y matrix, background subtracted, DC for Ra GammaGammaRa_bgs._px
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75 Matrix elements -- 74 experimental data points

Gosia Analysis

“Experiment”

Number and type of data

226Ra(58Ni,6°Ni)224Ra

Alpha, alpha-primel’]
226Ra(x,:’'2n)2%*Ra
Alpha-decay!
28Th —

Multi-nucleon transferl?:

2]

232Th( I 36Xe’ I 28Te)224R;:1

Branching ratios (1, 37,57, 7)
-- 4 (+3 limits)

Delayed-coincidencel>*]

Lifetimes (2%, 4%) -2

Cd(/Sn) only detection
23.9° < Bip < 54.3°

Y-ray yield
-9+8

Ra, high CoM branch
20.6° < B < 29.9°

Y-ray yield
-9+7

Ra, low CoM branch
23.9° < Bp < 29.9°

Y-ray yield
-9+9

2-particle events
17.1° < B < 54.3°

Y-ray yield
-9+8

Total

74

1
1Huge parameter space - Reduce number !
; of matrix elements by using rigid rotor

< I||EN|T >= (21 + 1)% (I0X0|I'0)Qxa

[1] Poynter et al,, Phys. Lett. B 232, 447 (1989)

[2] J.EC. Cocks et al, Nucl. Phys.A 645,61 (1999)

[3] Marten-Tolle et al,, Z. Phys.A 336,27 (1990)

[4] W. Kurcewicz, et al., Nucl. Phys. A 289 (1977)

[5] W.R. Neal and H.W. Kraner, Phys. Rev. 137, B 1 164 (1965)
[6] H.Ton et al, Nucl. Phys.A 155,235 (1970)



75 Matrix elements -- 74 experimental data points

Gosia Analysis

“Experiment”

Number and type of data

226Ra(58Ni,6°Ni)224Ra

Alpha, alpha-primel’]
226Ra(x,:’'2n)2%*Ra
Alpha-decay!
28Th —

Multi-nucleon transferl?:

2]

232Th( I 36Xe’ I 28Te)224R;:1

Branching ratios (1, 37,57, 7)
-- 4 (+3 limits)

< I||EXN|I" >=

Delayed-coincidencel>*]

Lifetimes (2%, 4%) -2

Cd(/Sn) only detection
23.9° < Bip < 54.3°

Y-ray yield
-9+8

Ra, high CoM branch
20.6° < B < 29.9°

Y-ray yield
-9+7

Ra, low CoM branch
23.9° < Bp < 29.9°

Y-ray yield
-9+9

2-particle events
17.1° < B < 54.3°

Y-ray yield
-9+8

Total

74

(2I +1)2
* Qi coupled for states I; > 6h
* Q2 coupled for states I; > 6h
* Q3 coupled for states I; > 5h

e All E4 matrix elements fixed

-6 MEs

-10 MEs

-15 MEs

-19 MEs

* Free: 25 matrix elements + 6 normalisation

constants = 3 | free parameters in fit

[1] Poynter et al,, Phys. Lett. B 232, 447 (1989)

[2] J.EC. Cocks et al, Nucl. Phys.A 645,61 (1999)

[3] Marten-Tolle et al,, Z. Phys.A 336,27 (1990)
[4] W. Kurcewicz, et al., Nucl. Phys. A 289 (1977)

[5] W.R. Neal and H.W. Kraner, Phys. Rev. 137, B 1164 (1965)

[6] H.Ton et al, Nucl. Phys.A 155,235 (1970)

1
1Huge parameter space - Reduce number !
; of matrix elements by using rigid rotor
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Gosia Analysis

<I||E3|II -3 > <I||E3||I—-1>

-3000 .
= { / - Measured E3 matrix elements [e-fm?]
2500 _ t —— 226R,
0 t Stretched: < I||E3||] — 3 >
2001 g 2000 _| L/ Q3=3100efn’  Un-stretched: < I||E3||] — 1 >
-1500 | / 1500 _|
1000 | % - 1000_ I{
1 {
LI I 1 L L] I L I L I I
5 0 15 5 10
Ith)

[Ref] H.].Wollersheim et al, Nucl. Phys.A 556,261 (1993)



Gosia Analysis

<I||E3|II -3 > <I||E3||I—-1>

=000, { / . Measured E3 matrix elements [e-fm?]
2500 _ t —— 226R,
! I Stretched: < I||E3||I — 3 >
2001 g 2000 _| L/ Q3=3100efn’  Un-stretched: < I||E3||] — 1 >
oin / 1500 _
1000 | % " 1000 | II
e ey <I||B2|T—2> < I||E2||I >
5 10 15 5 10 $
800 _ -300 _
Ith) il }
600 _|
_ I} 226p,
Measured E2 matrix elements [e-fm?] 400 I {
N Q,=750¢fn
Transitional: < I||E2||] —2 > 200 _
Diagonal: < I||E2||] > i |
| [T 2 RAREE |
5 10 15 5 10 15

[Ref] H.].Wollersheim et al, Nucl. Phys.A 556,261 (1993)



