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Physics motivation : Clusters

e Light nuclei-> cluster configuration where nucleons are grouped in clusters
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Physics motivation : 1°Be states
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Experiment method : ACTAR TPC

e Resonant elastic scattering reaction a(®He, 8He)a -> population of 12Be states
e SHebeam at 1.8 MeV/u, and ACTAR TPC filled with “He gas

pad plane - anode , Siwall

field cage

entrance window

cathode
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Experiment method : a(3He,®He)a
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Corresponding E*(*?Be): 13.0 11.1




Experiment method : a(3He,®He)a
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Analysis : Particle identification
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Analysis : Building excitation energy
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Hypothesis on states measured
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Two pairs (27/37) and (47/5) predicted by Descouvemont et al.
Hypothesis : 0124 (3 or5)

a+°He, ®He+%He

P. Decouvemont, D.Baye / Physics Letters B (2001)
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counts (a.u)

Analysis : angular distribution
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Analysis : R-Matrix fit Spin 4 3

Energy (MeV) 11.9(1) 12.4(1)
- 11.9(1) MeV (4%) | Alpha Width (keV) |  205(29) 295(53)
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Yang et al. (2014)
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Reduced Widths (0?) of Cluster Configurations in *’Be

° : e 124MeV-3:
channel 62 channel 62
“He+8He 0.86(12) “He+3He 0.21(2)
61 {2 f
6He+°He 0.24(20) He+'lg 0.02(3)
1Be+n 0.01(1)
1Be+n 0.001(1)

-> strong clustering in “He + 8He channel
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Reduced Widths (0?) of Cluster Configurations in *’Be
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P. Decouvemont, D.Baye / Physics Letters B (2001)

CGANIL S P e _.’-_Rie‘rféry:_"meétihg-‘GDR'_RES_ANE_T |



Rotational bands & Nuclear clustering

e Collective excitations in deformed nuclei

_ h?
Ej=Eo+2J(+1)

with I: moment of inertia — measure of deformation

T bond
e Clustered nuclei — deformed — rotational motion
. o bond
e Neutron-rich systems:
o grorbitals: compact/triaxial
o o orbitals: elongated/prolate + =

-> Rotational bands reveal shape, deformation, and cluster structure in nuclei
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Rotational band in Be isotopes
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® 3Be: #2/20 =0.596 +0.011 MeV -

4% _
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-> Confirms that a-cluster cores coupled with valence neutrons generate collective rotational excitations in
neutron-rich Be isotopes (*°Be, **Be), extending the rotational behavior observed in the pure a-a system of éBe.
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Conclusion

° : 3 124 5 7
+
o Compatible with 12.1 MeV (2%) by Yang [ 12.23 8He He
: . 0" e e 12.15 °Be +4n
et al. but # spin assignment
: : : Of === == ==== 12.07 2a+4n
o  Compatible with states predicted by . 1190 “He (g.) + ¢He(2+)
Descouvemont et al. and Kanada-En'yo et == =mmmmm- ' €185 €
al.
o o-type alpha-cluster configuration 0 101 0'=====———- 101 °He +°He
o 124MeV-3:
o Notyet measured, predicted at lower Oft==————— === 896 “He +8He
energy
o “He+’He or 8Be+*n could be dominant,
though large uncertainty and possible 1156 +
unaccounted channels preventfirm T TTTTTTTF 3.17 ern
conclusions. 12Be
o  Might be key to study negative-parity
band in °Be
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Rotational band in Be isotopes — ©
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-> Difference in rotational parameters highlights the strong influence of valence neutrons on nuclear

deformation and rotational dynamics.
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Analysis : tracks reconstruction

CLIMB Algorithm
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Analysis : tracks reconstruction

CLIMB Algorithm
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About R-Matrix formalism (1)

Separation of Regions:

e Internal Region: Complex nuclear interactions dominate
° : Simpler potential

two particle clusters

many-body -> only Coulomb force
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Core Formula:

2
T
R(E):ZE/\iE
A

E,: resonance energies, y,: reduced width amplitudes
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About R-Matrix formalism (2)

Difference with Breit Wigner :

e Breit-Wigner 1T

(E — Ey)? + (%)2

e R-Matrix formalism

-> Takes into account the interference between resonances
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Analysis : R-Matrix fit

Bayesian R-matrix Inference Code Kit (BRICK) published in 2021
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