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Why did | choose this topic?

Optical potentials are ubiquitous in nuclear physics and important for
analysis of experiments!

Optical potentials for the rare-isotope

beam era
* Many recent developments WQHebborn %), F M Nunes'®©, G Potel’ ®, W H Dickhoff* ®,
h-%/ JPG 50 p060501 2023 J WHolt°T, M C Atkinson®®®, R B Baker’ @, C Barbieri®°®,
(W ILEPaper ’ ( )) ”, M Burrows '“®, R Capote'°®,
. . _ P Danie eW|cz1’3’”, Ch Elster’ ©,
Various authors from the Paris’s region J E Escher®®, L Hiophe- T, A Idini'*®, H Jayatissa'°®,
g | £S Si th B P Kay'°®, K1 Kravvaris®®, \118J Manfredi'® ) A Mercenne'’,
+ Man evelopments since then ?  Morillon™™>', G Perdikakis'®®, C D Pruitt° ©,
y p G argsyan2 , 1J Thompsonz, M Vorabbi'®2°® and

(also by Soma)! T R Whitehead'



Exciting time to be a nuclear physicists as RIB facilities
enable the study of many unstable nucleil

. .
TR|UMF. FRIB
(Canada) (MSU).ElC
RHIC
ATLAS g~ @ o1
(ANL) (]
CEBAF
(JLab)

. Operating (or nearly complete)

) Operating facility with
major planned upgrade

. New facility planned or underway

MAINZ NG
(Germany)

Russia)
@
GSI/FAIR
(Germany)

GANIL
(France)®
e PSI ~hir

ER INFN (Switzerland)
(italy)

@ HIAF

(China)

Non-exhaustive map of RIB facilities
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This will allow to explore the structure of nuclei away
from stability, and potentially new exotic phenomena
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This will allow to explore the structure of nuclei away
from stability, and potentially new exotic phenomena
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This will allow to explore the structure of nuclei away
from stability, and potentially new exotic phenomena
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Being too short lived, unstable nuclei are often
oroduced and studied through reactions

o——

@

Often at energy ~5A MeV to 400 MeV reaction product

1039913p

’ I




0 MeV/iu 50 MeV/iu 100 MeV/u

200 MeV/u 300 MeV/u 400 MeV/u
Capture Fission Charge-exchange reactions
One-nucleon transfer )
Secondary fragmentation

Pair transfer Intermediate-

Knockout reactions
energy Coulex

Barrier-energy Coulex
Fusion HI-induced pickup

Deep-inelastic scattering

Interaction c
Inelastic proton scattering

Astrophysical
reaction rates

Single-particle degree of freedom

Fission properties

Weak interaction strength
Skins

Fission fragment correlations
Spectroscopy of excited states
Pairing Low-lying collectivity Single-particle properties

Equation of state
Skins

at high density
Collectivity and shapes

Matter radii, skins
Higher-lying modes
(Pygmy and giant resonances)
Skins

Heavy elements Intruder states  Disentangle proton and neutron

Single-particle properties
contributions to collectivity

and in-medium effects
Rare isotopes at high spin

[FRIB 400 whitepaper]

A

> ¢

Many different reactions to probe different properties

Reaction probes

Physics properties

Accurate theory of reactions for unstable nuclei in the low- to heavy-mass

regions at all these energies are crucial!



Studying the properties of unstable systems will also
help us constrain reactions of astrophysical interest

>

Number of protons Z

of

neutron capture

i T :Hlﬁ‘-"
82Pb b ; . anH i 184
S-process X
126
r-process
L Need to know the rates at low energy ~few MeVs.
3 Accurate predictive theory of reactions for unstable nuclei in the

— 20 28

low- to heavy-mass regions at these low energies is essential too!



Need to predict accurately a wide range of reactions
using a unified model... an impossible challenge!
A
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Slide courtesy of G. Potel



Need to predict accurately a wide range of reactions
using a unified model... an impossible challenge!
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Outline of this talk

 What is an optical potential?
& why it is difficult to build an accurate one using ab initio theory?

e Status of optical potentials:
* Main techniques to construct them
 How do they perform for various probes?
 What are their uncertainties?

 What tools exist for reaction calculations and what can we do to
reduce the uncertainties associated with optical potentials?



Every reaction is formally solution to a many
body problem

* Many-body Hamiltonian

Q.-
r

Target A ' Vopt\‘

* One can rewrite this equation by projecting on the elastic channel ¢

HY (7,7, ...,73) = Etor Y(', 71, ..., T4)

with H = Hy(7 ) o, 72) + ho + V(B T, o) T2)

(ho + Vopt) o = Edbo [Feshbach RMP 36 1076 (1964)]

Many body propagator

by defining the optical potential .
/ +
Vopt = Voo + 2 j ko 0 Gk = B, —H

- Need to know the many body dynamics, i.e.,
properties of all states up to ~E

* This projection has a cost: optical potentials are E dependent, complex and non local ®



Often we are using these optical potentials in three
body models to study the structure of nuclei

(its spectroscopic factors, ANCs,
binding energy,etc)

Projectile seen as core+fragment

Solve the 3-body problem with 3-b Hamiltonian:

H3 ~ Top + Trr + VL + VL +

(+3-b force almost always neglected)



Example of experimental study

Use of 7O(’Li,t)*!Ne reaction to constrain ’O(a,n)?°Ne and ’O(a, y)?*Ne
astrophysical rates [Hammache et al. PRL 132 182701 (2024)]

* He core burning 70(0,m)*'Ne

present work

10-1 _/\/ Frost-Schenk+22
E Best+13

present work
% N (555 x Frost-Schenk+22
107 F S Best+13

» Reaction rate ratio Reaction rate ratio

Focal plane position (a.u)




Often we are using these optical potentials in three
body models to study the properties of nuclei

P

(its spectroscopic factors, ANCs,
binding energy,etc)

Projectile seen as core+fragment

H3Y ~ T + Ter + Vocgt + VOJ;?; + 1 p(+3-b force almost always neglected)

—To study accurately the , one needs to know accurately the optical potentials
(and have an accurate three-body solver)

- Note that the Hamiltonian is defined up to a unitary transformation..
—> need consistency between optical potentials and



Often we are using these optical potentials in three
body models to study the properties of nuclei

P
. . / N
(its spectroscopic factors, ANCs, @ !
\
\
AN

binding energy,etc) .\ ; ‘
) “. ,

Projectile seen as core Can we construct these optical potentials
starting from their exact formulation and

microscopic theories, e. g. ab initio methods?
H3P = Top + Trp 4 Vg gt + i e e rorom s sma g o s i gyrm e
—To study accurately the , one needs to know accurately the optical potentials

(and have an accurate three-body solver)

- Note that the Hamiltonian is defined up to a unitary transformation..
—> need consistency between optical potentials and



Two examples of accurate ab initio predictions of
reactions computing many-body propagators

+ Expt.
SA-NCSM/GF

u ()} ~ [o¢]

From no-core-shell model
“He(n,n)*He at low E

Otot [D]
-

[Burrows et al. PRC 109 014616 (2024)]

o = N w
—t 1 1

0 2 4 6 8 10 12
Ejab [MeV]



Two examples of accurate ab initio predictions of
reactions computing many-body propagators

From no-core-shell model
“He(n,n)*He at low E

100 J

“He(d, d) *He

(do/dQ). . [b/st]

From no-core shell model
with continuum

1071777

100 10!
[Hebborn et al. PRL 129 042503
(2022)]

This work well, why are we not doing this for all reactions?



What happens for heavier systems?

Ab initio potentials from SCGF [Id|n| et al. PRL 123 092501 (2019)]

]()12”,],”“., T T T i 8 I l S ———r—
1()0% At 3 MeV “ n+160

160

I\/Iean fleld

W|th ADC(3)

020 40 60 80 100 120 140 160 180
0 (deg)

Limited accuracy =2 lack of absorption due to missing correlations

What do we do in the meantime? Like everything that is too hard to solve
from first principles, we rely on approximations & phenomenology ©



Use of the impulse approximation to develop
the Watson multiple scattering theory

Work from the Lippman-Schwinger equation T =V + VG T

With ¢ many body propagator and V projectile-target interaction

Spectator expansion:

Single

In practice:
- truncate at first order: folding density and tyy

- recently: using ab initio density and chiral-eft

interaction

Vorabbi (Surrey), Elster (Ohio University),

Durant/Capel (Mainz), etc
Picture from Vorabbi’s slides



Ab initio Watson multiple scattering theory:
recent results

do/dQ [mb/sr]
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e e
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o
U
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o
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—— NNLOsy¢ - GKVADC(2) ]

k=

—— N*LO - GkvADC(2)

48Ca(p,p)*eCa
201 MeV

L L 1 L 1 1 n L 1 L 1 L L
10 20 30 40 50 60 70
Oc.m. [deg]

Vorabbi, ..., Soma, et al.
PRC 109 034613 (2024)

Works well at high energy
for nucleon-nucleus
(accuracy of chiral EFT?)

Difficult to go to
higher order...

Some works on the way
to do nucleus-nucleus
potential...

— some challenges
& developments ahead

10!

doe/dORuth
= = = = =
o o o o o
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=
b
)

=
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100k
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E & Exp. data
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Vorabbi et al. PRL 135 172501 (2025)



Outline of this talk

* What is an optical potential?
& why it is difficult to build an accurate one using ab initio theory?

* Status of optical potentials:
* Main techniques to construct them
* How do they perform for various probes?
 What are their uncertainties?

 What tools exist for reaction calculations and what can we do to
reduce the uncertainties associated with optical potentials?



Three main approaches to construct optical
potentials o. -

r

o , , Phenomenological
Ab initio & microscopic approach

theories '

Interactions directly obtained from many-body
Hamiltonian

A priori should be accurate to extrapolate away
from stability (if ab initio theory accurate)

Difficult to have all many-body correlations ->
lack absorption at energies (where MST not valid)




Phenomenological approach

* Local parametrization

Typically local Wood-Saxon parametrization, 08
Uopt = Vrfws(Tr, ag) + i W, fiys(ry, ar) Q‘I 0.6
o 0.4
fit for one energy and one target 0.2
0.0

_ _ 0 30 60 90 120 150 180
- often use when elastic data are available! 0, (deg)

Fit of d(132Sn,132Sn)d cross sections to analyze

. . . 132 133
S Angular range often limited by inverse d(132Sn,133Sn)p Jones, Nunes, et al. PRC 84, 034601 (2011)

kinematics

Comes with uncertainties and lack predictive power... and for most unstable nuclei, no
elastic data available...



Phenomenological approach: global o )
parametrizations

* Fit to elastic, reaction cross section,

polarization data, etc l
* Global parametrization o
Typically local, .
spherical, B 1 Ry, X
L-independent, 21— ey 10 0 :-
isospin dependent, vt P =o)L 1 R
but strongly E-dependent 8= W@ 5700
sl T

" R S
0 20 40 60 80 100 120 140 160 180 200
E (MeV)

A.J. Koning, J.P. Delaroche / Nuclear Physics A 713 (2003)



Phenomenological approach: global
parametrizations, fitted to stable nuclei...

Known isotopes

B Stable isotopes
ReA Coulomb barrier beams > 500 pps
FRIB fast beams > 1 pps

@ Koning and Delaroche

PN
3332
O 0 0 0O
T
=
S
e}
T

Whitepaper : JPG 50 060501 (2023)

What are their uncertainties? Does it extrapolate well away from stability?



Phenomenological approach: global
parametrizations, recent effort from LLNL

KDUQ : Global fit using Bayesian statistics by Cole Pruitt

2500 - + KD Corpus [l KDUQ, 68% CI |
—— KD (2003) KDUQ, 95%

2000 -
L0
£
1500
8
~
® 1000 -
500 -
20 | 50 100 150 200
Energy [MeV]

[Pruitt et al. PRC 107, 014602 (2023) including python scripts ]



During these last years: quantification of optical
notential uncertainties in different reaction channels

Motivation: support experimental efforts and assign realistic

uncertainties on properties inferred from reaction measurements

some selected examples...



Transfer (d,p) & (p,d):

do/dQ [mb/sr]
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Heavy-ion Knockout :
~15-20%

doyo/dp) arbitrary units

2.00

e »r B B
N o N U |
U o wu o wu

o
o
o

(a) (b) (c)
32Ar1 34Ar 46Ar
Mt | 4
my {@ | yﬁm
‘// *\ ’/ +\ + \
A'/ *\\\i\\ ] {J/M 1 o+ ﬂ \\\\
*‘ | | +\\\\ i | | +\}‘ . ‘. / | | A\
10.0 10.2 10.4 11.2 11.4 11.6 154 15.7 16.0
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Hebborn et al. PRL 131, 212503 (2023) & Frontiers in physics (2025) .
Smith et al. PRC 110, 034602 (2024).

ntification of optical
‘erent reaction channels

60-100%

Charge-exchange (Lane formalism):

6
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During these last years: qua
ootential uncertainties in dif

Transfer (d,p) & (p,d):

do/dQ [mb/sr]

do/dQ [mb/sr]

=
(6]

=
o

do/dQ [mb/sr]
[9,]

H o= N
u o u o
R S

= N w
L L

ntification of optical

Heavy-ion Knockout :

‘erent reaction channels

Charge-exchange (Lane formalism):

~5-10% ~15-20% 60-100%
6
34, 48 48
(a) 2.00 @) ) © 4 Ca(p,n) SC(IAS)
- (a) 25 MeV
o T2 %e,e0000,
SOAT
t
+ )
(b) 35 MeV
[ ] o)
0.25 ’ Iml ¢ ) -
' ' ‘ ' 0.00 e : : ‘ = ° .
' 10.0102 10.4 112 11.4 11.6 154 15.7 16.0 - & .,
4be ®Ar (o) py [Gevicl py [Gevicl py [Gevicl €4
1 ° =
] g 21 (c) 45 MeV
3 0 |
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Hebborn et al. PRL 131, 212503 (2023) & Frontiers in physics (2025) .

Smith et al. PRC 110, 034602 (2024).




Why charge-exchange uncertainties are so

large?

For (p,n) reactions, the chex to the IAS
can be obtained as (Lane formalism)

2
Opny % <Y _Up|‘/’p>‘

— operator depends on the isospin dependence
of the optical potentials... poorly constrained..

(a) 25 MeV

-
,,,,,,
b o o e o o — TN

Real 10 KDUQ

=% Imag lo KDUQ
—— Real KD
--- Imag KD

e pp————

(b) 35 MeV

NO

(c) 45 MeV

_Nz__zl(Un(r) —U,(r) [MeV]

1
0 ‘ .....................
N7 2
z (d) 135 MeV
7= 1.
0 o aaes
_1 9.9.9.0.0.0.0.0. 0.0 & o
2
(e) 160 MeV
1
0
| : WS
0 2 4 6 8

r[fm]

Smith et al. PRC 110, 034602 (2024).




Why charge-exchange uncertainties are so
large? :

{3) 25 MeV Real 10 KDUQ
225 Imag 1o KDUQ
—— Real KD
.‘s\.‘ --- |mag KD

- ol o e m.. o~ ol o

For (p,n) reactic -
can be obtainec

x (b) 35 MeV
Known isotopes

B Stable isotopes
ReA Coulomb barrier beams > 500 pps
FRIB fast beams > 1 pps .
¢ Koning and Delaroche !

g L = o P (c) 45 MeV
Opmy | <H e i "._.::-:Z': ' g» %

| o (d) 135 MeV
- operator deg ‘ o £ e
. ‘ Astrophysical r-process
J E Astoptysical ppiscess (e) 160 MeV
Of the Optlcal p( r_#f' ztroz:§ica;rpf-,process
a 6 8
Whitepaper : JPG 50 060501 (2023) rism)

QI cL uvI. TnNL 11V, 034602 (2024).




How to reduce the uncertainties of purely
ohenomenological approaches?

Different possibilities (and different groups pursue different paths):

- Add different reaction channels in the fit... 4

%0zr, CHUQ
1107r, CHUQ

0.010 1
4 %0zr, Doering et al., 1975

o
o
=}
@

do/dQ [b/sr]

0.006 -

00044 /
, Y
0.002

0.000 - R ——

0 10 20 30 40 50 60 70 80 90
6 [deq]

Kyle Beyer (postdoc at MSU): talk at [JClab



https://indico.ijclab.in2p3.fr/event/11979/

How to reduce the uncertainties of purely
ohenomenological approaches?

Different possibilities (and different groups pursue different paths):

- Add different reaction channels in the fit...

- Add physics constraints
dispersion relation (to impose causality)
inclusion bound and scattering data

Energy (MeV)

1
[V}
a

.....................
3 o.zn(n), 1o range
2 orzn(n), 20 range
[ Otot(n), 1o range === |
@ N oit(n), 20 range ]
e 1F i
LT (f) 1
oL v v v
0 100 150 200
Elap (MeV)
proton levels neutron levels
calc exp calc exp
ol [
s
0d5 /2 1s1/- [

et 1
=) (S

-
(934

)
=)

-'O(lr,/g

—

(h)

Dispersive
optical model
for the oxygen
chain

[Pruitt et al. PRC
102 034601 (2020)]



How to reduce the uncertainties of purely
ohenomenological approaches?

Different possibilities (and different groups pursue different paths):
- Add different reaction channels in the fit...

- Add physics constraints PHYSICAL REVIEW C 109, 064609 (2024)

dispersion relation (to impose causality)
inclusion bound and scattering data
Universal separable structure of the optical potential
- Choose more physics-informed H. F. Arellano ©'? and G. Blanchon??

parametrization (what is the shape of non-locality?)
Seminar by Guillaume at 1JClab Oct 1



https://indico.ijclab.in2p3.fr/e/12024

How to reduce the uncertainties of purely
ohenomenological approaches?

Different possibilities (and different groups pursue different paths):
- Add different reaction channels in the fit...
- Add physics constraints

dispersion relation (to impose causality)

inclusion bound and scattering data

- Choose more physics-informed
parametrization (what is the shape of non-locality?)

- . Stay tuned!



Three main approaches to construct optical
potentials o. -

r

o , , Phenomenological
Ab initio & microscopic approach

theories '

Interactions directly obtained from many-body Semi-microscopic

Hamiltonian Fit to existing data

approach
Ad hoc choice of

A priori should be accurate to extrapolate away _
phenomenological forms

from stability (if ab initio theory accurate)

unclear how it extrapolates

Difficult to have all many-body correlations -> , ,
y Y but first studies show large

lack absorption at energies (where MST not valid)

uncertainties...




Semicroscopic approach often relies on folding densities :
nucleon-nucleus scattering (example JLM-B)

Folding approach for nucleon nucleus
Microscopic densities
o/

UZ(raE)Z/VZ(|r_r,|9E7 p(O),a(O .

JLM-B effective interaction:

Vll)(p’a E)

@1» 0(0, E) £ G, Vi (o, E)
& (EYWo(p. E) i)WI(p,E)].

Fitted to data to better reproduce experiments

[Bauge et al. PRC 63 024607 (2001); Dupuis et al. PRC 100 044607 (2019)]



Semicroscopic approach often relies on folding densities :
nucleon-nucleus scattering (example JLM-B)

.................

. ponm) (0)
10" £ 3] E'=2.615 MeV ;

[ 999 %0500, @ ]

10°F 5.5 MeV 7

Folding approach for nucleon nucleus

Mic
UZ(raE)Z/VZ(|r_r,|9E7 p(O),a(O .

JLM-B effective interaction:

do/dQ (mb/sr)
do/dQ (mb/sr)
S
N

—_—
—
T T

Vll)(p’a E)

@b‘ o(p,E):i:)Vl(P,E)] ’ -
Wo<p,E>i)Wl(p’E)]° =) =

100_ E l -------- " -

g 5 G RGN @ g s I I I P O T I
Fitted to data to better reproduce experiments 0 30 60 90 120150180 ' 0 30 60 90 120150180
O¢.m.(deg) 9¢.m.(deg)

-
o
o
sl

Works well © Uncertainties not quantified (yet?) [Dupuis et al..PRC 100 044607 (2019)]



Semicroscopic approach often relies on folding densities :
nucleon-nucleus scattering (example JLM-B)

Folding approach for nucleon nucleus
Us(r, E)_fV(lr—r| E,p
JLM-B effective in

Vi(p, o, E)

@1» o(p, E) £

' WO(paE):I:

G, )i (o, E)]
)Wl(P, E)].

Fitted to data to better reproduce experiments

Works well © Uncertainties not quantified (yet?)

108} |

0 30 60 90 120150180
6¢.m.(deg)

do/dQ (mb/sr)
—_— — — —
o o o o
- N w E=Y

—_
o
o
gl

107

.................

Z 208pp 1 1v)
- 3] E'=2.615 MeV ;

[ $8%9e%04904 0 |

0 30 60 90 120150180
O¢.m.(deg)

[Dupuis et al. PRC 100 044607 (2019)]



Semicroscopic approach often relies on folding densities :
nucleus-nucleus scattering using double folding (1 example)

Veff

Double folding Uopt — ffpprojectile NN Ptarget

p+12C . 12C+12C
10 E | | I | I I | E
e T T T T i NN+CBU —— ]
Glauber analysis: T e | Nﬁ%nfi |
y * 100 NNonly s=mome b ™ s NNoWissae & 8 | oA N+CBU+CTC -------
o, NN+CBUCTC oo '= ©33 NN+CBU+CTC -------- ] 10 &Y\

=3
eeeeeee

=
e
®ee
)
e3<

Valid at high energy !

e
e
®oe

do/dQ2 (mb/sr)
Rutherford ratio

o S,
ooooooooo

[Glauber, Lectures in SN
Theoretical Physics (1959)] ™~ S

Y (b) 40-200 MeV Nezem

(a) 240-1000 MeV .
10710

[Horiuchi et al. arXiv:2512.20100] 0 05 1 15 2 25 3(fm0)°5 15 2 25 o 05 YRR 2 25 3 S 4
q (fm™)

Uncertainties not quantified yet = Andy is working on it ©




Three main approaches to construct optical

potentials

o

Ab initio & microscopic

Typically obtained from microscopic

densities and folded

Main tool for nucleus nucleus potentials!

Radial dependence fixed but energy

dependence fitted

Interactions directly obtained from many-body
Hamiltonian

A priori should be accurate to extrapolate away
from stability (if ab initio theory accurate)

Difficult to have all many-body correlations ->
lack absorption at energies where MST not valid

theories '

Semi-microscopic
approach

Q.-
r

Phenomenological
approach

Fit to existing data

Ad hoc choice of
phenomenological forms

unclear how it extrapolates
but first studies show large
uncertainties...
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Difficult to have all many-body correlations ->
lack absorption at energies where MST not valid

Typically obtained from microscopic
densities and folded

Main tool for nucleus nucleus potentials!

Radial dependence fixed but energy

Q.-
r

Phenomenological
approach

Semi-microscopic
approach

Fit to existing data

Ad hoc choice of
phenomenological forms

unclear how it extrapolates
but first studies show large
uncertainties...




Outline of this talk

* What is an optical potential?
& why it is difficult to build an accurate one using ab initio theory?

e Status of optical potentials:
* Main techniques to construct them
 How do they perform for various probes?
 What are their uncertainties?

 What tools exist for reaction calculations and what can we do to
reduce the uncertainties associated with optical potentials?



What tools exist for reactions calculations?

l. Available tools to fit optical potentials D A RKNIN

. Bayesian Analysis of Nuclear Dynamics
(Bayesian wrapper, emulator, etc) Iy # L1 WU I

Il. Available global parametrizations

in RIPL 3 library & in here Optical potentials in nuclear

physics

lll. Folding codes in here

IV. Reaction codes in here (two-nucleon transfer, quasifree scattering, etc)

- Particularly for (N,d) and (d,N), straightforward with TWOFNR


https://github.com/bandframework/bandframework
https://sites.google.com/view/opticalpotentials/optical-potentials-in-nuclear-physics
https://sites.google.com/view/opticalpotentials/optical-potentials-in-nuclear-physics
https://sites.google.com/view/opticalpotentials/optical-potentials-in-nuclear-physics

What can be done to reduce the optical potentials
uncertainties in the analysis of reaction data?

Measure various channels and identify ratio of observables that cancel uncertainties
elastic
/ O( scattering

°S - @ —°°l inelastic

’ " scattering
N e
k breakup

( dO'bu
dQdE

unasi -

)E=0.1 MeV
do_el 4+ do_inel
dQ dQ

Capel et al. PRC 88 044602 (2013):




Conclusions and prospects

* Optical potentials are central to the analysis of reactions
- Need to quantify their uncertainties in reaction analysis

* Many tools already exist: if you want to use them, ask me questions ©

 Phenomenological optical potentials carry large uncertainties...

—>Need to make more developments .
in particular: isospin dependence, nucleus-nucleus potentials

—The not-too-far future (a personal view):
improving semi-microscopic methods to integrate easily microscopic inputs and performing UQ

. On%oing : uncertainties in other reaction probes _ o
nucleus-nucleus reaction cross sections, (p,pN), finding ratios to reduce uncertainties

(work lead by Andrew Smith, discussion with Ogata, collaboration with Capel & Nunes)



Thank you for your attention ...

& thanks the few-body reaction group at MSU
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Backup slides



From the Dyson equation, similar derivation

Optical potentials is identified as the self energy X*

Need to know overlap function and energy

G=Gy+Gy2 G of all states in the A+1 continuum and in

the A-1 bound regime... difficult...

Where Gy = free propagator.

E—Ha—h,

And one can obtain

In practice Gy mean field
propagator and one can write
(Lehmann representation)

(O3] ar; [Vt") (Ut aly, [9)

E— (B4 — Ef) + i

(U5 alrg; [ ™) (Tn | are; [5)
E — (B&f — EA-Y) —




How do these different approach compare?

Comparison done in a program at FRIB in 2022 [whitepaper: JPG 50, 060501 (2023)]

Pheno NN
interaction

Nuclear

Matter

Mass Energy D. | Mic. | UQ
KD 24 < A<209 lkeV<E<200MeV | X | X X
KDUQ 24 < A<209 lkeV<E<200MeV | X | X v
DOM C, O, Ca, Ni, . s
(STL) L A o< E<200MeV |V | X v
MR 12< Z <83 E < 200 MeV | X X
MBR 12< Z <83 E <200 MeV | X X
NSM | %Ca, #Ca, 2®Pb E < 40 MeV |V X
SCGF | O, Ca, Ni isotopes E < 100 MeV |V X
MST-B A<20 E 2 70 MeV X| v X
MST-V 41<A<16 E 2 60 MeV X| v X
WLH 12< A< 242 0 < E <150 MeV 8| W v
JLMB A > 30 lkeV<E<340MeV | X | V X

v
A

v

phenomenological

Semi-
phenomenological

microscopic



How do these different approach compare?

(b

do
PTY)

n+4°Ca

- 102

- 10°

- 1072

- 10— 4

L 10—6

experiment
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—— DOM (STL)
—— MR (2007)

MBR. JLMB
~-- MST-B --- NSM
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o48+040
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16 Tx

144 \

| ¢ experiment MBR
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[whitepaper: JPG 50, 060501 (2023)]




