Octupole deformation
in neutron-deficient
plutonium isotopes

Hamid Ayatollahzadeh

IOP Joint APP, HEPP, and NP Conference
University of Liverpool
08.04.24 - 11.04.24

I N F N Istituto Nazionale di Fisica Nucleare
LABORATORI NAZIONALI DI LEGNARO

UW,

UNIVERSITY OF THE
WEST of SCOTLAND

Science & Technology
@ Facilities Council




Octupole deformation

The nuclear shape is described by spherical harmonics multiplied
by an expansion coefficient (deformation parameter).

R(0,¢) = Ro[1 + ZA,M QA,MYAM]
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Octupole deformation
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Spectroscopic features of octupole deformation
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Regional understanding
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Previous plutonium studies

An experiment by K. Abu Saleem et al. studied the 23%Pu isotope [K. Abu Saleem et al., Phys. Rev. C
70, 024310 (2004)] using the 237Np(29°Bi,210Pb) transfer reaction.
Additional four y-ray transitions identified in 236Pu adding to established level scheme.
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octupole effects.

i




Theoretical predictions
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Potential-energy surfaces by Nomura et al. (Phys. Rev. C 103,

044311 (2021)) for 234Pu has B; = 0 whereas for 23?Pu, B, =~ 0.22.




Multi-nucleon transfer reactions

Projectile Target
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112 238
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Projectile-like

Able to probe exotic nuclei past the current experimental limit when using fusion,
fragmentation and other methods.

Combination of MINT reactions with AGATA-PRISMA detector setup allowsimproved
efficiency and selectivity.




Experimental details
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AGATA- Advanced Gamma-ray Tracking Array

New generation of gamma-ray spectrometers.
Employs the novel technique of gamma-ray
tracking to reconstruct events.

13 triple clusters.
36-fold segmentation.




AGATA - Gamma-ray tracking

« Segmented germanium crystals allows
reconstruction of gamma-ray energy.

Backtracking

« Two algorithms are employed to determine
correct interaction sequence.

« Negates the requirement for Compton
suppression and improves the overall
detection efficiency of the apparatus.

0.8

' I I I -&- forward-tracking
0.75}F -®-back-tracking
0.7f b
0.65f h
0.6 b
1]

0.55F

0.5f

045 I 1 1l Ll 1

0 5 10 15 20 25 30
multiplicity

Peak to Total

0.55
0.5F
0.45F

o
S
T

0.35F

Photopeak Efficiency

o
w
T

0.25F
0'20 5 10 15 20 25
multiplicity




Experimental details
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PRISMA Magnetic Spectrometer
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PRISMA - Z identification
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PRISMA - g selection
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PRISMA - A/q calibration

Before Aberrational corrections After aberrational corrections
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PRISMA - Mass calibration
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PRISMA - Mass distributions
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Preliminary Analysis results — AGATA
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Summary
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Spectroscopic features of octupole deformation

Angular momentum increasing
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PRISMA - Trajectory reconstruction
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Forward tracking vs. backtracking

0.8 . T T .
0.75F
0.7F
0.65F
0.6F
0.55F
0.5}
0'450 il"s 1I0 1I5 2IU ZIS 30
multiplicity

—E—foerard-tracking
—8-back-tracking 1

Peak to Total

o
©
n O,

iciency

o
~
o
|
1

o 04} .

ff

Photopeak
o
O w
LW

0.25} v

0.2 : 1 ! ! ! j

multiplicity




	Slide 1: Octupole deformation in neutron-deficient plutonium isotopes
	Slide 2: Octupole deformation
	Slide 3: Octupole deformation
	Slide 4: Spectroscopic features of octupole deformation
	Slide 5: Regional understanding
	Slide 6: Previous plutonium studies
	Slide 7: Theoretical predictions
	Slide 8: Multi-nucleon transfer reactions
	Slide 9: Experimental details
	Slide 10: AGATA- Advanced Gamma-ray Tracking Array
	Slide 11: AGATA - Gamma-ray tracking
	Slide 12: Experimental details
	Slide 13: PRISMA Magnetic Spectrometer
	Slide 14: PRISMA - Z identification
	Slide 15: PRISMA - q selection
	Slide 16: PRISMA - A/q calibration
	Slide 17: PRISMA - Mass calibration
	Slide 18: PRISMA - Mass distributions
	Slide 19: Preliminary Analysis results – AGATA
	Slide 20: Summary
	Slide 21: Spectroscopic features of octupole deformation
	Slide 22: PRISMA – Trajectory reconstruction
	Slide 23: Forward tracking vs. backtracking

