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Modeling optical potential

Phenomenological methods widely used to interpret experiment
® | acks proper account of correlations

® Must be fitted to experiment
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Possibilites of microscopic methods

® Predictive power
® Exotic nuclei

® Neutron-rich
® Radioactive beams

® Shell effects

® Spectroscopic factor shows the degree of single-particle

behaviour
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Using microscopic methods

® Nuclear structure calculation
® Calculate spectra

® Construct optical potential
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Method summary

Method includes

® Collective modes
® Correlations
® Particle-hole excitations

® Explores the huge complete Hilbert space in a systematic way

Gives wavefunction from which observables can be calculated
Can be extended
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Generator Coordinate Method

® Generate a basis from one or more generator coordinates
| (21, 22,...))
® Use a linear combination as ansatz
/f(:vl,:vg,...)|¢(x1,x2,...)> 47

(discretized)
® Solve the Hill-Wheeler equation

Hh = EOhQ
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Overview of method

Fit an effective Hamiltonian to the results of an Energy
Density Functional (SLy4)

Solve the effective Hamiltonian in mean field with pairing
(HFB) with constraints as generator coordinates

Introduce randomized particle-hole excitations (similar to
temperature)

Project the resulting HFB states to good quantum numbers

Solve the resulting Hill-Wheeler equation

Ljungberg et al. Phys. Rev. C 106, 014314 (2022)
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Effective Hamiltonian

ﬁ:ﬁo—l—ﬁQ—Fﬁp

e Hy - Single particle part
. ﬁQ — Generalized quadrupole interaction

° ﬁp — Uniform seniority pairing
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Effective Hamiltonian fit (2'Mg)
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Generator coordinates

We proceed by solving a constrained HFB equation
® Generator coordinates used:

® deformation (3, ~y
® pairing strengths G,,, G),
® cranking j,

Results in a basis of HFB states

Randomized particle-hole excitations
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Projection

HFB breaks symmetries, e.g.

® Particle number
® Angular momentum

Restore using projection

Particle number

2T .
pN _ 21/ ez(NfN)Ode
s

Angular momentum

2I+1 A
Pl =5 | Dhr” (OR(9) a0
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Hill-Wheeler equation

® Finally, the Hill-Wheeler equation is solved
ZHUh =E, ZOU 7
® Which gives the final wavefunctions

“I’Z‘> Zh KPMKPZPN |Pa)

® \We can now evaluate matrix elements between these states
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Method summary

® Solution in terms of linear combination of projected HFB
states
® Includes

® Collective modes through generator coordinates
® Correlations through projection and mixing
® Particle-hole excitations through temperature

® Explores the Hilbert space through choice of generator
coordinates

® Gives wavefunction from which observables can be calculated
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Odd case

® Single quasiparticle excitation on each HFB state
® Then do the same thing:

® Project the resulting HFB+1qp states
® Same effective Hamiltonian
® Solve the resulting Hill-Wheeler equation

Gives ‘\I/f> for A+1

® Spectroscopic factors?

(el oo

'Bostrém et al. J. Phys.: Conf. Ser. 2586 012080 (2023)
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Green’s function

Calculate the Green's function

_ - (WofaswH) (wtijab|wo)
Gigﬁﬂ——%: E— (B+ — Eo) +in

+ holes

Derived by inserting I =},

wi{><mi{
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Completeness

To insert >,

vt (v

af, [wo) = 3 |wti) (vt
7

aL’\I'0>

No guarantee that this holds
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Completing

At E — oo, correlations vanish — should approach HF

* M *
Ui,a O-Z,B ci7a C,’g
G E) =
8 (E) E;E—eiﬂf;EfeHm

(i = (W7 |al[Wo))

As few as possible while still giving HF at £ — oo

® Completely determines spectroscopic factors and energies
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Dyson equation

® Dyson equation for self-energy ¥ (E)
G (E) =Go(E)+Go(E)X(E)G(E)

® Solved for X (E) as
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Non-local optical potential

Construct the potential
Vap (B) =355 + Zap (E)

® Expressed in momentum-space

N
V (kK =" Vaytba (k) 05 (K)
a,b

Lippmann-Schwinger equation T'=V + V GgeeT

Phase shifts and cross-sections

Results
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24Mg spectra
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Ljungberg et al. Phys. Rev. C 106, 014314 (2022)
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2>Mg spectroscopic factors (positive parity)
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Preliminary Mg inclusive neutron cross-section

@ experimental
Koning Delaroche
> calculated
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Preliminary Mg inclusive neutron cross-section

@ experimental
Koning Delaroche
X calculated GCM
-+ calculated HF
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Summary

® | ack of important correlations in many cross-section
calculations

® Major step towards including many-body correlations in
deformed nuclei

® Paper in progress



Backbending for *Cr
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24Mg 0% wavefunction beta-gamma plane

Bsin(y+30°)
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Related to probability amplitude



Preliminary 2*Mg inclusive neutron cross-section

@ experimental

Koning Delaroche
< calculated mesh 1
-+ calculated mesh 2

10 12




Preliminary 2*Mg inclusive neutron cross-section
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Preliminary 2*Mg inclusive neutron cross-section
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Imaginary part

_a (E- Ep)
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Spectroscopic factors
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