Low Energy Nuclear Reaction Theory
for basic science and applications

Gregory Potel Aguilar

XVII CPAN days, Valencia,
November 20, 2025

UNIVERSIDAD Escuela Técnica Superior de

b SEVILLA = |NGENIERIA DE SEVILLA
1505



Introduction and Motivation



Nuclear reactions: why do we care? Nuclear reactions for
applications
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Nuclear reactions: why do we care? Nuclear reactions as an
experimental tool

e transfer reactions probe nuclear response
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A theory challenge



Cross section

Features of nuclear spectra probed by nuclear reactions
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Which reaction theories, and where?
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Which reaction theories, and where?
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Which reaction theories, and where?
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Challenge: Can we treat everything on the same footing?

\

/We want to address some ideas towards a
consistent treatment of

» bound skakes and conkinuum

» direck and eompoumd reactions
e skructure and reactions
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An experimental challenge



Measuring cross sections and rates: problems (charged particles)

e 1
neutron incident energy
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Measuring cross sections and rates: problems (charged particles)
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Measuring cross sections and rates: problems (charged particles)
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Measuring cross sections and rates: problems (neutron-induced)

direct measurement: the stable nucleus is arranged ~

in a target at a neutron beam facility detectors

neutron source stable
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Measuring cross sections and rates: problems (neutron-induced)
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Measuring cross sections and rates: problems (neutron-induced)
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Measuring cross sections and rates: problems (neutron-induced)
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Measuring cross sections and rates: problems (neutron-induced)
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Green’s Function Transfer (GFT)



The Green’s Function Transfer (GFT) formalism

PHYSICAL REVIEW C 92, 034611 (2015)
Establishing a theory for deuteron-induced surrogate reactions

G. Potel,"> F. M. Nunes,? and I. J. Thompson?®
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The Green’s Function Transfer (GFT) formalism

PHYSICAL REVIEW C 92, 034611 (2015)
Establishing a theory for deuteron-induced surrogate reactions

G. Potel,"> F. M. Nunes,? and I. J. Thompson?®
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The Green’s Function Transfer (GFT) formalism

PHYSICAL REVIEW C 92, 034611 (2015)
Establishing a theory for deuteron-induced surrogate reactions

G. Potel,"> F. M. Nunes,? and I. J. Thompson?®

A
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A proposed scheme to enforce structure-reactions consistency

GE)=(E-T-V(E))"
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Applying the GFT to (d,p) reactions



GFT with the Dispersive Optical Model (DOM); Ca(d,p)

Eur. Phys. J. A (2017) 53: 178 THE EUROPEAN
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* Dispersive: reproduction of positive and negative energy cross section
e Controlled extrapolation to exotic nuclei




doN/dE (mb/MeV)

GFT applied to the Surrogate Method: °*>Mo(d,py) with Koning-
Delaroche OP
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* Absorption of the neutron as a function of
excitation energy and spin computed with
GFT formalism

 We used the phenomenological Koning-
Delaroche OP



GFT applied to the Surrogate Method: °*>Mo(d,py) with Koning-
Delaroche OP
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GFT applied to the Surrogate Method: °*>Mo(d,py) with Koning-
Delaroche OP
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Cross Section (b)

GFT applied to the Surrogate Method: °*>Mo(d,py) with Koning-
Delaroche OP

PHYSICAL REVIEW LETTERS 122, 052502 (2019)

Towards Neutron Capture on Exotic Nuclei: Demonstrating (d. py)
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The obtained Hauser-Feshbach parameters
are used to calculate (n,y)

We found an excellent agreement with the
direct measurement.




Cross Section (b)

GFT applied to the Surrogate Method: °*>Mo(d,py) with Koning-

Delaroche OP

PHYSICAL REVIEW LETTERS 122, 052502 (2019)
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The obtained Hauser-Feshbach parameters
are used to calculate (n,y)

We found an excellent agreement with the
direct measurement.




GFT with Nuclear Field Theory (NFT): °Li(d,p) 1°Li
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GFT with Nuclear Field Theory (NFT): °Li(d,p) 1°Li




GFT with Nuclear Field Theory (NFT): °Li(d,p) 1°Li
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GFT with Nuclear Field Theory (NFT): °Li(d,p) 1°Li




GFT with Nuclear Field Theory (NFT): °Li(d,p) 1°Li
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Computing the Optical Potential



The OP accounts for the composite nature of the target nucleus

coupling
vertex

static

potential excited

states

* The computed OP is energy dependent, non-local, complex, and dispersive
* The OP verifies the Kramers-Kronig dispersion relations between the real and the
Imaginary part




24Mg+n with valence shell model

excitation energy E; step 2: Static potential and couplings
angular momentum
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24Mg+n with valence shell model

excitation energy E;

angular momentum
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step 3: Iterative procedure
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Vir,r'; E) = Ug(r) + Z Ui (v)G(E — E;,r, v\ Uio(r')

G,r',E)=(E—-T—-V(r,r';E))""

* lterate until convergence is achieved
* Consistency between potential and Green’s function is
achieved, as expressed by Dyson’s equation:

G(r,v"; E) = Go(r,rv'; E) + Go(r,r'; E)V (r,v'; E)G(r,v"; E)
Go(r,v'; E) = (E—T — Uy(r)) "

As a bonus, we obtain the Green’s function



The dynamical polarization potential is complex, energy-
dependent, dispersive, and non-local

Imaginary part

real part

r’(fm)

¢ ; for E=1MeV
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Our 2*Mg calculation compares well with experiment

103 i
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our calculation
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not surprisingly, the static
potential alone gives a
very wrong result!



Our 2*Mg calculation compares well with experiment

Volume Integral (MeV fm3)

we check for convergence by looking
at the volume integrals as a function
of the iteration
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Our 2*Mg calculation compares well with experiment

Koning-Delaroche
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we check for convergence by looking
at the volume integrals as a function
of the iteration
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The OP, the level density, and the y strength function are
connected through the same underlying physics

cumulative number of levels transmission coefficients
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We can explicitly connect with statistical model (Hauser-Feshbach
approach) through energy-averaging




Conclusions and some perspectives

* Phenomenology has to be complemented with theory for reliable extrapolation
across different regimes.

* The calculation of the OP provides a flexible and versatile path, including 3-body
reactions (with GFT).

whals nexk?

Improve microscopic inputs.
Disentangle direct, pre-equilibrium, and compound reactions.
Explore the limits of validity of the statistical model.

Symmetry-breaking systems (deformation, pairing).
R-Matrix parametrization of indirect reactions.
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It works for 11Be, too!
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Part 5

Teaser: connections with R-Matrix
and Hauser-Feshbach




The GFT formalism suggests an R-matrix parametrization for the
indirect cross section
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The GFT formalism suggests an R-matrix parametrization for the
indirect cross section
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The GFT formalism suggests an R-matrix parametrization for the
indirect cross section
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The GFT formalism suggests an R-matrix parametrization for the
indirect cross section

Rep. Prog. Phys. 73 (2010) 036301 (44pp)
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The GFT formalism suggests an R-matrix parametrization for the
indirect cross section

(connection between direct and indirect R-matrix parameter@

exo\m[aie:
»  dAireckt: a scattering (T,(E))
«  ndirect: (5Li,d). (T'4(E))
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The GFT formalism suggests an R-matrix parametrization for the
indirect cross section
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The GFT formalism suggests an R-matrix parametrization for the
indirect cross section

(connection between direct and indirect R-matrix parameters\
exam[;»te:
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The GFT formalism suggests an R-matrix parametrization for the
indirect cross section
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The GFT formalism suggests an R-matrix parametrization for the
indirect cross section

(connection between direct and indirect R-matrix parameters\
exam[at@.:

» direct: o scattering
«  indirect: (6Li,d)

indireck  \_ Y,
T ~ma&rnx
’Vip/yOq
Tio = | v/ Pi(Ey)Poy(Ex) . g(k) dk.
O / % (Ep - Ek)5pq - Z %c’YjC(S (Ek) T ch@
broadehnng
7’_L2k'2 {Qﬂ&@f’

B 2/1 /¢HM IyzA ra:Aak) dra:A



The GFT formalism suggests an R-matrix parametrization for the
indirect cross section

(connection between direct and indirect R-matrix parameters\
exam[at@.:

» direct: o scattering
«  indirect: (6Li,d)

indireck  \_ Y,
T“MQE?LX
Yip™Y0q
= P; E P E , k) dk.
T / VP PB) X (5= s =5 8 < b)) O

prq
g(k)

ra:Aa k) dra:A

/\ ) = [0 )




The GFT formalism suggests an R-matrix parametrization for the
indirect cross section

* If the broadening distribution is narrow, the T-matrix can be evaluated at

the peak
* This is essentially the approximation made by Barker in Aust. J. Phys. 20

(341) 1967 for isolated resonances

Yip™Y0q
— | /PED)R(E , k) dk.
= | VR ) 2 B B~ S e o) 7 )
Th ~ [ PAEpe) Po(Epes) S — e / g(k) dk.
(Ep — Ly )0pq — Zc %’chC(Sc(Ek ) + ZPC(Ek )

prq



40Ca OP calculated in a weak coupling, collective
model approximation

V (MeV)

V(r,v'sE) =Ug(r) + ) Uni(r)G(E — E;,r,x')Uso(r')

1

the static potential is a simple WWoods-
Saxon

a small imaginary part W is included to
account for the lack of absorption of the

model

r (fm) this is a consequence of the over-
simplification of the spectrum
The small imaginary part spoils

From Rao, Reeves, and Satchler, NPA 207 (1973) 182



40Ca OP calculated in a weak coupling, collective
model approximation

V(r,v'sE) =Ug(r) + ) Uni(r)G(E — E;,r,x')Uso(r')

1

e the spectrum of 4°Cais approximated by 6
collective vibrational states

* the deformation parameters 3, are constrained
by the experimental inelastic scattering cross

V (MeV)

S B A B(*1Ca)), ~ [B(*°Ca)), @ [x(n),
T (Im

Yy ¢ 1- 2* 27t 3= 4+ 5

E, (MeV) 18.0 3.9 8.0 3.73 8.0 4.48

B;(n) 0.087 0.143 0.309 0.354 0.254 0.192

o, (mb) 17 43 176 164 78 37

From Rao, Reeves, and Satchler, NPA 207 (1973) 182



40Ca OP calculated in a weak coupling, collective
model approximation

V(r,v'sE) =Us(r) + ) Ugi(r)G(E — E;,r,x')Uso(r')

1
12.57

the couplings are surface peaked

by construction, the experimental
contribution of each vibrational state to
the absorption cross section is

V (MeV)

YR ¢ q-

E, (MeV) 18.0 3.9 8.0 3.73 8.0 4.48
B(n) 0.087 0.143 0.309 0.354 0.254 0.192
Ga (mb) 17 43 176 164 78 37

From Rao, Reeves, and Satchler, NPA 207 (1973) 182



We benchmark our results against Rao et al.,
and look at the effect of iterations

p+4°Ca elastic scattering at 30.3 n+4%Ca elastic scattering at 30.3
|_1€V
102_5 103 -
| converged | arat
. result _ lo2. Iteration
< 3
< £ 10';
E E
% 10° 4 g d
S S 100 converge
| Y L result with no
10_1'E B "“""“““- ::_: 107, added W
] . R .l |
| 1 iteration ? \
. 1072
1072 - - - - - - - 0 20 40 60 80 100 120 140 160 180
0 200 40 60 80 100 120 140 160 180 0 (degrees)
0 (degrees)
1 iteration calculation agrees with Rao et al. (not * Good result for neutrons just by removing Coulomb

shown) * Added non-dispersive imaginary part W not needed
Converged result different at large angles for the converged result



ab initio methods applied to reactions

( N QH&MVQL)\TERS 129, 042503 (2022)

Ab Initio Prediction of the “He(d,y)’Li Big Bang Radiative Capture

C. Hebborn ,1’2’* G. Hupin ,3 K. Kravvaris ,2 S. Quaglioni ,2 P. Navratil ,4 and P. Gysbers 3

1Facility for Rare Isotope Beams, East Lansing, Michigan 48824, USA
2Lawrence Livermore National Laboratory, P.O. Box 808, L-414, Livermore, California 94551, USA
*Université Paris-Saclay, CNRS/IN2P3, 1JCLab, 91405 Orsay, France
4TRIUMF, 4004 Wesbrook Mall, Vancouver British Columbia V6T 2A3, Canada
5Departmem of Physics and Astronomy, University of British Columbia, Vancouver, British Columbia V6T 1Z1, Canada
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A
Lcontinuum scattering wf \

NCSMC wf used in T-matrix
647+ A+1
o(E) = -

~ drmeghu z; (24 + 1)!!]2%—\

24+1
k7

T-matrix

1075

10—6 L

1077_

10710 L
10711 L

10712

......... NN Only
====" NN+3Njec
—— NN+3Njp-pheno

L LLA

BBN range

=

=
—
—
e
- —
-
-

——
—

— Total E24+E1+M1

_—

ectromagnetic operator

10°

solution of 6-body
Hamiltonian with chiral
NN interaction

No Core Shell Model
with Continuum
(NCSMC) combines
NCSM with scattering wf
only possible for very
light nuclei



Nuclear reactions of astrophysical interest

: s I3 o'?

CNO cycl ' TP

by Antonio Ciccolella ® Gl @ N2 /~ '
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8" &
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Li’ N No?!
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Big Bang nucleosynthesis reaction networks



Nuclear reactions of astrophysical interest
(heavy elements)

Number of protons Z

S-Process

Sn

Innne

Pb

82

126

r-process

82

zHej A8 5

28

50

Number of neutrons N
_—

neutron capture

184

electron  antineutrino
0@ ﬁ @ + g + Q

beta-decay

Parent Daughter

A A =
zX - z41Y + B +



Both elastic and absorption cross sections
can be calculated from the OP

V=038

(E o T o V(I’, I'/; E)) ¢ — O ) elastic scattering from phase

shifts

. absorption from imaginary part of
cSabS,\/ < q) ‘Im (2{} L) , ¢ > :> polarization potential
L



2-body scattering in a nutshell

(elastic scattering between 2 nuclei x and A]

V(rsa,r. 5”‘4’ potentlal

X



2-body scattering in a nutshell

(elastic scattering between 2 nuclei x and A]

r$A7 :(;A? >
h. 8

Yo(rea, E) = ™4 + G(E) V(E) e”'fkrwA

Lippmanthtkwihger equa&ion



2-body scattering in a nutshell

(elastic scattering between 2 nuclei x and A]

rm?! = > .
potential
TxAy _ 6zerA 4+ G zkrwA



2-body scattering in a nutshell

(elastic scattering between 2 nuclei x and A]

r$A7 :(;A? >
h. 8

Yo(rea, E) = ™4 + G(E) V(E) e”'fkrwA
Green’s|function

GE)=(E-T, - V(E))"



2-body scattering in a nutshell

(elastic scattering between 2 nuclei x and A]

r$A7 :(;A? >
h. 8

Vo(rea, B) = ™4 + G(E) V(E) €Zkr“‘4 reaction cross section
2
Green’s|function > S hl/j (o [Im V1)
G(E)=(E—-T,—-V(E)™" y




Part 2

Expanding the scope
to 3-body scattering: GFT



The Green’s Function Transfer (GFT) formalism

(Ean) 5‘ Ea(=b+x)+A — b+B(=A+x)}

0_->

Voa(Toa,Ths)




The Green’s Function Transfer (GFT) formalism

Ea(=b+x)+A ) b+B(=A+x)}




The Green’s Function Transfer (GFT) formalism

(Ean) ’b -‘ Ea(=b+x)+A — b+B(=A+x)}

)
=

~
b (
.
\
——
s
-’
S

4—'L»—>

'\ x, V(rea,r

intrinsic ground stateof
nucleus &

A
\If()(rxA, I‘b) — eikml‘xb) + G(E — Eb)P(I'b) [V(E — Eb) —+ Ub(m(rxb)




The Green’s Function Transfer (GFT) formalism

Ea(=b+x)+A ) b+B(=A+x)}

A
\IJO(rCBAy rb) _ eikra ¢a(r$b) -+ G(E — Eb)P\I‘b) [V(E — Eb) —+ Ub(T‘b) ] eikra ¢a(ra:b)

projector over b states P(r)) = / e (re; Kp)) (O (rp; Ky ) | dky
2,2
g, Ik
2/




The Green’s Function Transfer (GFT) formalism

|Xb rbakb

() '\\//’ Ea(=b+x)+A ) b+B(=A+x)}
—_,_>

'\ x, V(rea,r

A

Uo(rea,rp) = €™ Pq(rep) + G(E — Ep)P(r) [V(E — Ep) + Up(rp) | €™ @ (Tp)

Green’s function G(E) = (E - T, — V(E))™"
Same as for x-A scabtering!



The Green’s Function Transfer (GFT) formalism

|Xb rbakb

. ’//’ Ea(=b+x)+A — b+B(=A+x)}
zb) . (

S
-
-
~

'\ x, V(rea,r

/l

A
Uo(rpa,Tp) = €™ Pq(Tap) + @(E — Eb)P(rb)ﬂ/(E — Ey) + Up(rp) | €™ @ (1)

factorized propagator



The Green’s Function Transfer (GFT) formalism

" X6 (Tb; kb))
\ x/ I'a:A,

A

(xo(rp: ko) [ Wo(rea, To) = (xo(rp; ko) (€™ 9o (rap) + G(E — Ep)P(ry) [V(E — Ep) 4 Up(ry) | € o (r2))

project over b state to get x=A wavefunction



The Green’s Function Transfer (GFT) formalism

PHYSICAL REVIEW C 92, 034611 (2015)
Establishing a theory for deuteron-induced surrogate reactions

G. Potel,"> F. M. Nunes,? and I. J. Thompson?®

A

o (rza, B) ="M (r,) + G(E — Ey) [V(E — Ep)v"™™ + (x5 |Us(rs) | €™ @ (r2)

P () = /XZ(rbBykb)¢a(rxb)6ikra dr,, ——— Hussein-McVoy term

2
o (URImV (B — By)|u)

~___—inclusive x=A cross

I
oL(E. E,) = |
r(E, ) section




Let us now introduce explicitly some internal structure £. Can we
treat structure and reactions on the same footing?

Yo(rea, & E) = e 4¢0(€) + G(E) V(E) €4 ¢ (&)



Let us now introduce explicitly some internal structure £. Can we
treat structure and reactions on the same footing?

Yo(rea, & E) = e 4¢0(€) + G(E) V(E) €4 ¢ (&)

project on obs@tered direction
(erTe4 g0 (€) [P0 (124, &, E)) = (€774 o (€)|G(E) V(E)|e =4 gy (€))




Let us now introduce explicitly some internal structure £. Can we
treat structure and reactions on the same footing?

Yo(rea, & E) = e 4¢0(€) + G(E) V(E) €4 ¢ (&)

OF@EL{‘:&L Fo&am&at

(™72 90 (&) Yo (12, &, E)) = (€74 9o (§)|G(E) V(E)]e" =2 ¢ (€))




Let us now introduce explicitly some internal structure £. Can we
treat structure and reactions on the same footing?

Yo(rea, & E) = e 4¢0(€) + G(E) V(E) €4 ¢ (&)

v
(™72 9o (€) Yo (12, &, E)) = (€740 (§)|G(E) V(E)]e"™ =2 ¢ (€))

classification according
to asymptotic behavior

lim = 0 — structure
TeA—>00




Let us now introduce explicitly some internal structure £. Can we
treat structure and reactions on the same footing?

Yo(rea, & E) = e 4¢0(€) + G(E) V(E) €4 ¢ (&)

v
(™72 9o (€) Yo (12, &, E)) = (€740 ()|G(E) V(E)]e" =2 ¢ (€))

classification according
to asymptotic behavior

lim = 0 — structure
TeA—>00

lim = oscillatory — reaction
Ty A—>00



Let us now introduce explicitly some internal structure £. Can we
treat structure and reactions on the same footing?

Yo(rea, & E) = e 4¢0(€) + G(E) V(E) €4 ¢ (&)

v
("= o (€) [tho(raas & E)) = (€40 (§)|G(E) V(E)[e™ "4 o (€))
classification according some possible implementations of
to asymptotic behavior structure-reactions consistency
lim = 0 — structure . Oub“ibr\i&ic),
TeA—>00
. EFT,

I o : | .
. jr_r:oo oscillatory — reaction . QRPA+G—makbrix,



Let us now introduce explicitly some internal structure £. Can we
treat structure and reactions on the same footing?

Yo(rea, & E) = e 4¢0(€) + G(E) V(E) €4 ¢ (&)

v
(™72 9o (€) Yo (12, &, E)) = (€740 (§)|G(E) V(E)]e" =2 ¢ (€))

~

A proposed scheme to enforce structure-reactions consistency

3 Yi(r2a,8) = V(E) = G(E) = (E-T — V(E))_lj




DWBA vs GFT

oo U~ Wil VIvo)? o FTT(E) ~




DWBA vs GFT

DWBA
;0

~ (i [V |ebo)|?

discrete final states

/]

GFT(E)

contin

N

~ (G(E) (V(E) + Up) v M [ImV(E)

[

uous function of E
100 —

80

60

40

20

0




DWBA vs GFT

oo’ 0~ Wi Vo) o ' (E) ~ (G(E) V(B) + Up) "M [ImV(E)|G(E) (V(E) + Up) M)

consistent normalization
extracted S=c,,/o, 100

'/ 80-

60

40

20

0




DWBA vs GFT

oo U~ Wil VIvo)? o FTT(E) ~

continuum hard

.
/
{

4

continuum -
easy '




DWBA vs GFT

oV A~ (i |V o) |2

K

* Consistency between structure and reactions
* Same ingredients as x=A scattering

\_ Y,

GE)=(E-T-V(E))™" N

Need for tools for inverting Hamiltonians with
non-local potentials




GFT with Nuclear Field Theory (NFT): °Li(d,p)

Par&i«t:i.e model

. Sjt E,mdepemdem&

. S1/2 v -
0> gL' """""""""""""" frrsssessssztazesssserness dg/z
0
-0.5
1




GFT with Nuclear Field Theory (NFT): °Li(d,p)

S1/2
1.5 RPA quadrupole
B 2" phonon
51/2 ds)
1 PVC vertex
/ S1/2
0.5
[ ]
QLL S1/2
0 ________________________________________________________________
attractive self-
-0.5 _—
energy contribution
1 Pz



GFT with Nuclear Field Theory (NFT): °Li(d,p)

S172
1.5
| 2"
sl /2_ dsy

1
/ S1/2 Pl/z
0.5
0
-0.5
Pauli-blocking,
1 F’l/z p\ - repulsive contribution
1/2



GFT with Nuclear Field Theory (NFT): °Li(d,p)

S172
1.5
- 2"
S 1 /2 Cl5/2

1
/ S1/2 Pl/z
QLE; ‘10[«& S1/2 } parity inversion!

L

05 o P1n
\
-1 Fl/z D1 Pan

-1.5

0.5




GFT with Nuclear Field Theory (NFT): °Li(d,p)




24Mg+n with valence shell model

excitation energy E;

0

Q.
1
7=
7=
2.
S
3.
4.
4.
4.
4.
4.
5.
5.
e
5.
5.
5.
)
6.
6.
6.
6.
6.
6.
6.
6.
6.

angular momentum

SIS T~ T I~ T~ T~ B~ T~ B~ N~ T~ O~ T~ O~ T~ B~ T~ B~ I~ T~ I~ T~ T~ I~ T

P W NN WNEPEPREPNWNNWORPEPNNWERPRERNDNONNGON

0.584066
-0.716831
0.488705
-0.288311
0.318332
0.542416
0.0495903
-0.0298132
-0.584623
-0.651056
0.100777
0.0975601
0.516883
-0.0511968
-0.283037
-0.219064
-0.0103979
0.132477
0.069005
0.094658
0.0353684
-0.159821
-0.174362
. 122727
.182001
.115995
.100457
.157325
.419452

ARRKC

parity

step 1: 2°Mg shell-model calculation

spectroscopic
factor S;

~600 states from E=0 to £=14.6 MeV

Shell model calculations by K. Kravvaris
with PSDPF interaction M Bouhelal, et
al., Nucl. Phys. A 864 (2011)



24Mg+n with valence shell model

excitation energy E;

0

Q.
1
7=
7=
2.
S
3.
4.
4.
4.
4.
4.
5.
5.
e
5.
5.
5.
)
6.
6.
6.
6.
6.
6.
6.
6.
6.

angular momentum

SIS T~ T I~ T~ T~ B~ T~ B~ N~ T~ O~ T~ O~ T~ B~ T~ B~ I~ T~ I~ T~ T~ I~ T

P W NN WNEPEPREPNWNNWORPEPNNWERPRERNDNONNGON

0.584066
-0.716831
0.488705
-0.288311
0.318332
0.542416
0.0495903
-0.0298132
-0.584623
-0.651056
0.100777
0.0975601
0.516883
-0.0511968
-0.283037
-0.219064
-0.0103979
0.132477
0.069005
0.094658
0.0353684
-0.159821
-0.174362
. 122727
.182001
.115995
.100457
.157325
.419452

ARRKC

parity

step 2: Static potential and couplings

V(I‘, I'/; E) — U()

spectroscopic
factor S;

real part

10

static potential U, : real, local Woods-Saxon
adjusted to reproduce binding energy of
25|\/|g

couplings Uy, : same Woods-Saxon, but
adjusted to each E;and multiplied by
spectroscopic factor §,



24Mg+n with valence shell model

excitation energy E; step 2: Static potential and couplings
angular momentum

0.584066

-0.716831 pa rity

0.318332

0.542416 .

0.0495903 ] 1

~0.0298132 spectroscopic

-0.584623

-0.651056 factor 5,-

0.100777

0.0975601

0.516883 0-

-0.0511968

-0.283037

-0.219064

-0.0103979

0.132477

0.069005

0.094658

0.0353684

-0.159821

-0.174362
.122727
.182001
.115995
.100457

T T T T I
157325 0 3 J ; 2 0 can be done better!

’ . 4192 r (fm)

ARRKC

real part

 static potential U, : real, local Woods-Saxon
adjusted to reproduce binding energy of
ZESpvqgg

* couplings Uy, : same Woods-Saxon, but
adizisted to each E;and multiplied by

sp\ ‘troscopic factor S; |
l-,
PROGRESS
D AIIILY

A

P W NN WNEPEPREPNWNNWORPEPNNWERPRERNDNONNGON

-

0

Q.
1
7=
7=
2.
S
3.
4.
4.
4.
4.
4.
5.
5.
e
5.
5.
5.
)
6.
6.
6.
6.
6.
6.
6.
6.
6.

SIS T~ T I~ T~ T~ B~ T~ B~ N~ T~ O~ T~ O~ T~ B~ T~ B~ I~ T~ I~ T~ T~ I~ T

e V(r, s E) = Up(r) + » Uni(r)G(E — E;,r,x')Usp(r')



24Mg+n with valence shell model

excitation energy E;

angular momentum

0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0

P W NN WNEPEPREPNWNNWORPEPNNWERPRERNDNONNGON

0.584066
-0.716831
0.488705
-0.288311
0.318332
0.542416
0.0495903
-0.0298132
-0.584623
-0.651056
0.100777
0.0975601
0.516883
-0.0511968
-0.283037
-0.219064
-0.0103979
0.132477
0.069005
0.094658
0.0353684
-0.159821
-0.174362
0.122727
0.182001
0.115995
0.100457
0.157325
0.419452

i ARRKC

step 3: Iterative procedure

parity

spectroscopic

factor S;

O_
_10_

= 901

V' (Me

real part

10

Vir,r'; E) = Ug(r) + Z Ui (v)G(E — E;,r, v\ Uio(r')

G,r',E)=(E—-T—-V(r,r';E))""

* lterate until convergence is achieved
* Consistency between potential and Green’s function is
achieved, as expressed by Dyson’s equation:

G(r,v"; E) = Go(r,rv'; E) + Go(r,r'; E)V (r,v'; E)G(r,v"; E)
Go(r,v'; E) = (E—T — Uy(r)) "

As a bonus, we obtain the Green’s function



The dynamical polarization potential is complex, energy-
dependent, dispersive, and non-local

Imaginary part

real part

r’(fm)

¢ ; for E=1MeV

ANPIN



Our 2*Mg calculation compares well with experiment

103 i

do/dQ (mb/sr)

our calculation

20

40 60 80 100 120 140 160
0 (degrees)

not surprisingly, the static
potential alone gives a
very wrong result!



Our 2*Mg calculation compares well with experiment

Volume Integral (MeV fm3)

we check for convergence by looking
at the volume integrals as a function
of the iteration
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iterations iterations
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not surprisingly, the static
potential alone gives a
very wrong result!



Our 2*Mg calculation compares well with experiment

Koning-Delaroche

1034 .
i our calculation

.
o
S~
3

102 -
101_

100_

do/dQ (mb/sr)
|
o

=
9
Jun

10—2_

Volume Integral (MeV fm3)

10—3_

0 20 40 60 80 100 120 140 160
6 (degrees)

Sargsyan, GP, Kravvaris, Escher; ArXiv (2024)

we check for convergence by looking
at the volume integrals as a function
of the iteration
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not surprisingly, the static
potential alone gives a
very wrong result!



The Optical Potential is a projection of the many-body
Hamiltonian on the elastic channel

T+Voo Vo Vos e o o

\;10 T*V’ll \;12 e o o

V2o Va1 T+Vy © o @ I I @
o o o

 The “optical reduction” transforms a many-body operator into a one-body operator

* Itis a well-defined, in principle exact, mathematical operation




The OP accounts for the composite nature of the target nucleus

@ -— e - O + E L excited states of the
L
_ static, real, energy .
full optical

composite system

tential (OP independent energy-dependent,
potential (OP) (mean field) complex, dynamical
potential polarization

potential



