Octupole collectivity:
Coulomb excitation of 244Ra
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Octupole Collectivity
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Octupole correlations enhanced at the 2522 pa
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
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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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Coulomb Excitation

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

Sommerfeld parameter:

212282
7’} p—

N Target (Z£2,A2)
hv

“Safe” Coulex:
n>1



Coulomb Excitation

Projectile (Z1,A1) ---------- Sommerfeld parameter:

o 21Z282
"= hv

Target (Z£2,A2)

“Safe” Coulex:
n>1
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Coulomb Excitation

Projectile (Z1,A1) Sommerfeld parameter:

o 21Z282
= hv

¥ N Target (Z£2,A2)

“Safe’” Coulex:
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MINIBALL
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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
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The experiment - ??“Ra

12+
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The experiment - ??“Ra
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The experiment - ??“Ra

124 N[**Ra(37)] x Y[E1(3~ — 21)]
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Analysis - *2Ra

Random subtracted 1-particle events pp1hQ1_ang
Entries 522007
700 Integral 8.307e+04

MINIBALL Ge Array
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Analysis - *2Ra

Random subtracted 1-particle events pp1hQ1_ang
Entries 522007
700 Integral 8.307e+04
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Analysis - *2Ra

Random subtracted 1-particle events pp1hQ1_ang
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Analysis - *2Ra

Random subtracted 1-particle events pp1hQ1_ang
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Analysis - 22*Ra

Total statistics, background subtracted, Doppler corrected for scattered projectile
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Analysis - 22*Ra

y=y matrix, DC for Ra GammaGammaRa y=y matrix, background subtracted, DC for Ra GammaGammaRa_bgs_px
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4 “experiments”
* Detection of Cd only

e Detection of Ra at low CoM

scattering angle

Radium-like 1-particle events
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Analysis - *2Ra
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Analysis - *2Ra

Cadmium-like 1-particle events pplhcd_bgs

4 “experiments”

* Detection of Cd only

* Detection of Ra at low CoM
scattering angle

* Detection of Ra at high CoM
* Detection of Ra and Cd (2-p)

Radium-like 1-particle events
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72 Matrix elements -- 34 experimental data points

Gosia Analysis

“Experiment” Number and type of data
Multi-nucleon transfer!!-2] Branching ratios (I, 3-, 5°)

226R (58N, ©°Nii)224Ra -~ 3 (+3 limits)

232Th(136Xe, 28Te)224Ra
Alpha, alpha-primel’]

226Ra(x,0'2n)?2Ra
Alpha-decay!

228Th —
Delayed-coincidencel>*] Lifetimes (2%, 4%) -2
Cd only detection Y-ray yield

23.9° < Bip < 54.3° -9
Ra, high CoM branch Y-ray yield

22.2° < BOb < 29.9° -6
Ra, low CoM branch Y-ray yield

23.9° < Bip < 29.9° -6
2-particle events Y-ray yield

17.1° < Bap < 54.3° -8

Total | 34
13

[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 | 164 (1965)
[6] H.Ton et al, Nucl. Phys.A 155,235 (1970)



72 Matrix elements -- 34 experimental data points

Gosia Analysis

“Experiment”

Number and type of data

Multi-nucleon transfer!!-2]
226R 3 (S8Ni, ONIi) 22“Ra
232Th(136Xe, 128Te)24Ra

Alpha, alpha-primel?!
226Ra(x,0x’'2n)22*Ra

Alpha-decay!*]
28Th = o

Branching ratios (1, 3, 57)
-- 3 (+3 limits)

Delayed-coincidencel>*]

Lifetimes (2%, 4%) -2

Cd only detection
23.9° < Bip < 54.3°

Y-ray yield

Ra, high CoM branch
22.2° < O < 29.9°

Y-ray yield

Ra, low CoM branch
23.9° < Bp < 29.9°

Y-ray yield

2-particle events
17.1° < B < 54.3°

Y-ray yield

Total

34

-------------------------- I
1
1Huge parameter space - Reduce number !

; of matrix elements by using rigid rotor

< I||EMN|I’ >= (21 + 1)2 (I0X0|I'0)Qa

[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 | 164 (1965)
[6] H.Ton et al, Nucl. Phys.A 155,235 (1970)



Gosia Analysis
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Gosia Analysis
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Gosia Analysis

<I||E3|II -3 > <I||E3||I—-1>

8- b A 7 Measured E3 matrix elements [e-fm?]
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72 Matrix elements -- 34 experimental data points

Gosia Analysis

“Experiment”

Number and type of data

Multi-nucleon transfer!!-2]
226R 3 (S8Ni, ONIi) 22“Ra
232Th(136Xe, 128Te)24Ra

Alpha, alpha-primel?!
226Ra(x,0x’'2n)22*Ra

Alpha-decay!*]
28Th = o

Branching ratios (1, 3, 57)
-- 3 (+3 limits)

Delayed-coincidencel>*]

Lifetimes (2%, 4%) -2

Cd only detection
23.9° < Bip < 54.3°

Y-ray yield

Ra, high CoM branch
22.2° < O < 29.9°

Y-ray yield

Ra, low CoM branch
23.9° < Bp < 29.9°

Y-ray yield

2-particle events
17.1° < B < 54.3°

Y-ray yield

Total

34

* Q2 coupled for states I; > 6h
* Qi coupled for states I; > 6h
* Q3 coupled for states I; > 6h

* All E4 matrix elements fixed

|2 MEs

6 MEs

|| MEs

|'7 MEs

e 26 matrix elements + 4 normalisation

constants = 30 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 1 164 (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

< I||EMN|I’ >= (21 + 1)2 (I0X0|I'0)Qa



Qutlook and “to do’’s

T12(*8Th) = 1.913 years Z(Cd) = 48
T12(***Ra) = 3.66 days Z(Sn) = 50
224Ra on '?’Sn gated on 1-particle, beam-like events
% —
B 10° =
5 F Without protons on
2 primary target!
§ 10? =
10 |
i MWM}““”WVW ”'HMWW
0 | | | | 5|o | | | |1$01 | | l1g0| | | |2601 | | Izéol | 300| | |350 400

Energy [keV]

~25 more data points in the fit from yield information
+ 4 normalisation constants



Qutlook and “to do’’s

T12(*8Th) = 1.913 years Z(Cd) = 48
Ti12(***Ra) = 3.66 days Z(Sn) =50
224Ra on ?°Sn gated on 1-particle, beam-like events

> F

0 10° =

5 F Without protons on
8 - primary target!

§ 10?

| l]II[II|

10

W bl

0 50 100 150 200 250 300 350 400
Energy [keV]

IIIIII|

~25 more data points in the fit from yield information
+ 4 normalisation constants

Use ''2Cd excitation for normalisation... - 4 parameters



Qutlook and “to do’’s

T12(3%Th) = 1.913 years Z(Cd) = 48
Ti12(***Ra) = 3.66 days Z(Sn) =50

224Ra on '?’Sn gated on 1-particle, beam-like events

[

10°
Without protons on
primary target!

[T ll[lll|

Counts per 0.5keV

| l]II[II|

10

W bl

0 50 100 150 200 250 300 350 400
Energy [keV]

IIIIII|

~25 more data points in the fit from yield information
+ 4 normalisation constants

Use ''2Cd excitation for normalisation... - 4 parameters

Extract B(E3; 0" — 3°) for 2%Ra!



Qutlook and “to do’’s

T12(*8Th) = 1.913 years Z(Cd) = 48 Proposal included %29222Rn and 2??Ra
T12(2*Ra) = 3.66 days Z(Sn) = 50
224Ra on '*°Sn gated on 1-particle, beam-like events 220pn °’Ra

E - N 663.037) . 3014 317-3 T

5 = 0.017

S F Without protons on r
g ) 100/ 242.1
@ primary target! 82

2 [

§ 102

[ IIIIIII|

10

i ity

0 50 100 150 200 250 300 350 400
Energy [keV]

IIIIII|

~25 more data points in the fit from yield information
+ 4 normalisation constants

Use ''2Cd excitation for normalisation... - 4 parameters

Extract B(E3; 0* — 3-) for 22*Ra!



Qutlook and “to do’’s

T12(*8Th) = 1.913 years Z(Cd) = 48 Proposal included %29222Rn and 2??Ra
T12(***Ra) = 3.66 days Z(Sn) =50
224Ra on '*°Sn gated on 1-particle, beam-like events 220pn °’Ra
E 10° I 663.0(37) + 3014 31‘7.3 ¥
5 = 0.017
S Without protons on r
g ) 100/ 242.1
@ primary target! 82
2 [
§ 102

[ [IIIIII|

10

i g

0 50 100 150 200 250 300 350 400
Energy [keV]

IIIIII|

~25 more data points in the fit from yield information
+ 4 normalisation constants

Use ''2Cd excitation for normalisation... - 4 parameters

Extract B(E3; 0" — 3°) for 2%Ra! To be continued...
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