How to reveal alphas in a nuclear state ?
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Experimental indication
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Interpretation
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Indicators for alpha particles in nuclear states
(local quantities in the EDF framework)

* Nucleonic density

e o particle density

* Nucleonic Localization function (NLF)
* Saturation + compactness + purity

* Local a removal strength

* Localization parameter

S. Typel, PRC 89(2014) 064321

P-G. Reinhard et al., PRC 83(2011) 034312

E. Khan et al., PRC 106(2022) 064330

T. Nakatsukasa et al., PRC 108(2023) 014318

J.P. Ebran et al., Nature 487(2012)341



Nucleonic density: covariant EDF clusterizes
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V and S potentials
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The depth of the potential

Ultracold atoms : optical trap of variable depth V
M. Greiner at al., Nature 415 (2002) 39
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Nuclei : depth of the potential consistently determined (relativisitic)
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Analogies
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The Nucleonic Localization Function (NLF)

* Probability to have a single nuclear state at a given position:
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* In N=Z nuclei, this implies a pure (' +nd +p T +pl ) wave function

* No indication on saturation or compactness of a possible a cluster

* Should be renamed as the « purity function » 9



Application: o particles in fission ?
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o, formation or only pure (non-localized wave function) in the neck ?
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Criteria for alpha clusterization in nuclei
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time

Microscopic insight on the origin
of the o decay mechanism
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The local o removal strength

&
S
(N, 2) S
|4) & 3x1079 . .

r So A=112

RS
O a ) A=116
A=120

-9
X107 A=124

(r) [fm12]

Residual nucleus (N—-2,Z-2)

0
a
-
X
RN
(@)
l

T

Com [ |od) ) +c,m

Ground state Excited states O 1

r{fm]

2
FO ) = |(@p |92 )i {2 (0)| @) Peaked at the surface

towards the g.s.: Fy(r) = |k (r)|?
If no pairing: removal of 2 particles

T. Nakatsukasa et al., PRC 108(2023) 014318

13



Comparison with the NLF and the a density
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A global indicator for localization

2r BRa a
1.8 |— HO >
1 6l ™ DD-ME2
L4 Cluster / ]
i uster
1.2 Condensate ]
o J | SRR
0.8~
0.6_—Solid
0.4 : (crystal) b
”ﬁ
PR el Ll
O Wb 10 100
0 A
Quantum
Crystal Cluster o
<1 liquid
aloc alOC - 1 alOC > 1
J.-P. Ebran et al., PRC 87(2013)044307
1/6
2Ar b VhAY . 1(4_ .3\
— — = N 1/4 whereas in the NLF, Pgo = z(gﬂfo)
ro o (2mVory)

(only depends on ry)
15



n=1 states favor localization
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To be discussed

Indicator for alpha clustering in spherical nuclei ?
Role of pairing ?
Links with quarteting ?

Are there convenient non-local functions ?
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