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θLabBeam p ~J q

Counter
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θLabBeam p ~J q V̂

Counter

`

dσ
dΩ

˘

Exp

pK̂ ` V̂ q|Ψy “ E|Ψy

Blanchon Perey-Buck’s nonlocality 9 / 38



θLabBeam p ~J q V̂

Counter

`

dσ
dΩ

˘

Exp

pK̂ ` V̂ q|Ψy “ E|Ψy

Assuming V̂ local: x~r 1|V̂ |~ry “ vp~rq δp~r 1 ´ ~rq

Then: ´ ~2
2m

∇2Ψp~rq ` vp~rqΨp~rq “ EΨp~rq

Blanchon Perey-Buck’s nonlocality 10 / 38



θLabBeam p ~J q V̂

Counter

`

dσ
dΩ

˘

Exp

pK̂ ` V̂ q|Ψy “ E|Ψy

Assuming V̂ local: x~r 1|V̂ |~ry “ vp~rq δp~r 1 ´ ~rq

Then: ´ ~2
2m

∇2Ψp~rq ` vp~rqΨp~rq “ EΨp~rq
`

dσ
dΩ

˘

Th

Blanchon Perey-Buck’s nonlocality 11 / 38



Probes and targets

A x 200 MeV

A

Target (Lab)

A

RIB: Rare−Isotope Beam (Inverse kinematics)

(quite common until the 90s)

Target (Lab)

Beam

p,n

Beam
200 MeV

EPJA 56, 47 (2020)

327 (92)

1500 (105)

4000 (118)
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Motivations for studying optical potential:
- Key element for evaluations
- Interpretation of experiments
- Interesting by itself

Different strategies:
- Microscopy: build the potential from NN interaction and many-body theory
- Phenomenology: postulate a shape of potential and calibrate on experiment
- Dialogue microscopy/phenomenology
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Origin of nonlocality

Antisymmetrization

VHF (r,r’) =
∫

dr1ρ(r1)v(r,r1)−ρ(r,r’)v(r,r’)

Polarization
Surface term...

∆U(r,r′;E) = ∑
i

V0i (r)Gii (r,r’;E)Vi0(r’),

where Gii is a propagator

Vi0(r) = βi r
dU(r)

dr
Y

µ

λ
(̂r),

transition potential in the Bohr collective model.
A. Lev, W. P. Beres, and M. Divadeenam. PRC 9 :2416–2434, Jun 1974.
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Woods and Saxon (phenomenological)

V (r) =−[V0 + iW0]fvol (r)− iWD fsurf (r)− (Uso + iWso)fsurf (r) `̀̀ ·σσσ

2 4 6 8

0.5

1

r
r [ fm ]

f

Volume

Surface

fvol (r)∼ 1

1 + e(r−R0)/a

fsurf (r)∼ 4e(r−R0)/a

[1 + e(r−R0)/a]2
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Locality / Nonlocality

Integro-différential scattering equation,

− h̄2

2µ
∆ψ(r) +

∫
VNL(r,r’)ψ(r’)dr’ = Eψ(r),

When potential is local

VNL(r,r’) = VL(r)δ (r,r’).

Scattering equation reduces to differential,

− h̄2

2µ
∆ψ(r) +VL(r)ψ(r) = Eψ(r).

→ Need for numerical tools
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|r′ − r|

H

β

Gaussian nonlocality

β ≈ 0.85 fm

H =
e−|r

′−r|2/β2

π3/2β3
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Perey-Buck’s assumptions:

- Separability

- Gaussian nonlocality

- Low incident energy E < 24 MeV

- Energy-independent

- Local spin-orbit

→ Shape used in most of nowadays phenomenology

→ Is it validated by microscopy? (at least by a given microscopic model)
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Representations

〈post|Û|prior〉

U(r ′, r)

r ′, r , r̂ ···r̂ ′

Ũ(k ′,k)

k ′, k, k̂ ···k̂ ′

R =
1

2
(r ′+ r)

s = r ′− r

q = k ′−k

K =
1

2
(k ′+k)

K , q, K̂ ···q̂s, R, R̂ ···ŝ

relativ
e coordinates

relativ
e momenta

momentum transfer

‘nonlocality’
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Microscopic optical model

Bare NN → N+A connection

NN →


(
dσ

dΩ

)
NN

↓↑
δL(E)

︸ ︷︷ ︸
2-Body


 vNN
↗
↘

GNN

tNN

︸ ︷︷ ︸
Effective interaction

→ Uopt(k′,k;E)︸ ︷︷ ︸
↑ |Ψg .s.〉

→


|ψ〉
dσ

dΩ
σ︸ ︷︷ ︸

N+A

U(k′,k;E) =
∫

dpdp′ ρ(p′ ,p)︸ ︷︷ ︸
∼∑φα (p′)φ

†
α (p)

〈
k′p′ |G(E ,ρ)|kp

〉︸ ︷︷ ︸
VNN
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Check that microscopy works...
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Ũ in the K -q plane
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Weak angular dependence (w = K̂ ·q̂)

Ũ(K ,q) =
Ũ(K ,q)

Ũ(K ,0)
× Ũ(K ,0)

Ũ(0,0)
×Ũ(0,0)≡ Ṽ (K ,q)×H̃(K)×W

Weak K-dependence!

Nonlocality

Strength
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Ṽc(K ,q)= Ũ(K ,q)/Ũ(K ,0)∼ ṽ(q) in the range 10–300 MeV
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Microscopic potential vs. JvH
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Nonlocalities for n+A & p+A
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SIDES

Schrödinger Integro-Differential Equation Solver
G. Blanchon, M. Dupuis, H.F. Arellano, R.N. Bernard, B. Morillon, CPC 254 (2020) 107340

− h̄2

2µ

[
d2

dr2
− l(l + 1)

r2

]
flj (k, r) + r

∫
∞

0
νlj (r , r

′;E)flj (k, r
′)r ′dr ′ = Eflj (k, r)

Language: Fortran

Method: modified Numerov method

Refinement procedure of the solution

Extension for potentials with first derivative
(G. Blanchon, M. Dupuis, H. F. Arellano, R. N. Bernard, B. Morillon, P. Romain, EPJA (2021) 57:13)

Available with pairing (not published)
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SWANLOP

Scattering WAves off NonLocal Optical Potentials
H. F. Arellano, G. Blanchon, CPC 259 (2021) 107543

Lippmann-Schwinger equation

Momentum and coordinate space potentials

H. F. Arellano, G. Blanchon, PLB 789 (2019) 256-261
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Potentials included

• Koning-Delaroche global local potential (de 1 keV à 200 MeV)

A. J. Koning and J.-P. Delaroche NPA 713(3-4) 231 - 310, 2003.

• Morillon-Romain global dispersive local potential (de 1 keV à 200 MeV)

B. Morillon and P. Romain. PRC, 70 014601 (2004) and PRC, 76(4) 044601 (2007).

• Morillon global dispersive nonlocal potential (Talk)

• Perey-Buck global nonlocal potential (below 30 MeV)

F. Perey and B. Buck. Nucl. Phys., 32 353 – 380, 1962.

• Tian-Pang-Ma global nonlocal potential (below 30 MeV)

Y. Tian, D.-Y. Pang, and Z.-Y. Ma. IJMP E, 24(01) 1550006, 2015.

• Mahzoon nonlocal dispersive potential

M. H. Mahzoon, R. J. Charity, W. H. Dickhoff, H. Dussan, and S. J. Waldecker. PRL 112 162503, 2014.

+ Potentials given on a radial mesh
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Concluding remarks

- To the lower order in the angular expansion q̂,K the microscopic potential leads to
JvH separable structure of the central and the spin-orbit.

- JvH validates Gaussian nonlocality.

- For E < 65 MeV , the range of the nonlocality β is 0.86-0.89 fm for the central part
and 0.46-0.58 for spin-orbit part.

- JvH offers a new link between theory and phenomenology. It will be interesting to
explore higher orders.
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