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I. Introduction

% Nuclear properties & nucleonic interaction

Micro. (realistic) )

nucleonic int.

\ / fitting
Nuclear structure
& reactions

(in KS / SCMF approach)
— needs to be filled !

o micro. int. — precision for £/A: a few 100keV ~ 2%

vs. KS w/ phenom. int.
— precision for ?®Pb: a few MeV out of 1.6 GeV =~ 0.2%
o phenom. int. («+ fitting)
— not extendable to unfitted quantities
= KS approach w/ “semi-realistic int.” (--- fine tuning)



* “Minimal composition” (=~ “essence”) of Kohn-Sham theory
H.N., Phys. Scr. 98, 105007

E®l  «  E[Qld] = Inin, B[V KS
(QQ : principal variables
(n(r) € Q --- unnecessary!)
o: 1-b. DM
* “v-representability” = differentiability < universality of E%%g]

— should not be disregarded !

% KS orbitals --- artifact? — “quasiparticle” a la Landau
(= dressed particle)

[Tty = 74(0, —o0) |®85)  U(t,ty): time-evolution op.
(H — W8S+ (H—ht5)em)

) adiabatic theorem

[H KSWo}zﬂ )a* U0, ~00)] 0)

=1 =1 “quasiparticle”




% Extension of KS approach to s.p. states at ¢ > 0

(— complicated manifold)

KS 2
hiS = 5?@ = 213\4 + U™ = s.p. states Elo] (—uN)
T A

containing many-body corr.

o minimization
& small-“curvature” submanifold

<+ low-¢ s.p. states
low € -

o high-¢ s.p. states (incl. € > 0)
< large-“curvature” submanifold

o v-representability (for g.s.)
< universality w.r.t. particle # 7

(very schematic)

U5 at e >0 < real part of optical pot. VP

many-body corr. < “dynamical pol. effect”
imag. part? — beyond MF (KS)
cf. 0°E/0p* <+ RPA or TDKS



% N-A scattering
( W4) ® [Yn)  (elastic)

%) @ [by)  (inelastic) )

Wa) ® |on) = :
(W4,) & [Wy,) > — “absorption”

/

\
channel branching — beyond KS

[Ua) = [95)
(V3 =) [¢w)

(dressed nucleon)

“KS approach” to elastic channel: £"[g] — {



II. Self-consistent single-nucleon potential

* Self-consistent pot from eff. int. (or EF) < variational principle
Elo| = Z< \ \04 O'a 35 Z '8') 0arer 0515
aa/ 0404’65’ - .
—  hla!") a”)  with h= §|a> 5o Q@@/\ =+ U
input : eff. int. (or EF) .- 04 = Z Cin(r)] - w;

w; : two-body operator

= Ula)=> > {p|Cin"Y
U 66’
Z Z O/ //5’5 Ro/’ﬁ)'w

i oo!Bp T

0 0
o8 0", Ot

rearrangement term

min F4[0"] (iterative) — | Dy)
U (= V) from Euq1[0" + 60 — |Un) (Q(O) VRN |<I>A))



% Finite-range eff. int. (+<» non-local EF)
— possibly important to cover high ¢

e SCMF code: — accessible @ Chiba U. Repository
(https://opac.11.chiba-u.jp/da/curator/900123722/?1ang=1; DOI: 10.20776/900123722)
o GEM (multi-range Gaussian bases)
o adapted to finite-range int. --- Yukawa f.f. (& tensor force)

o able to describe halo

e complete formulae for UX> (= V'Y) — derived (up to @Z-(]LS) & @gN))

H.N. & K. Ishida, PRC 109, 044614

e new code applicable to non-local optical pot. — available
(e-g. )



exchange term
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(C)

% Eff. int. (or EF) to be used --- ¢;; =19, D

~(TN)
1] 1 )

+ 0, + 5! )

J i

.-+ Yukawa f.f. — fit to G-matrix (Q n ~ ny/3)
‘M3Y-Pn’ H.N., PRC 68, 014316
replace short-range part of ¢(©) by 5(Cr)

LS) (4» ¢s splitting)

e modifying M3Y-Paris R
enhance 0

e keeping @E)(?EP (longest-range part)

e no change for ™ from M3Y-Paris — realistic tensor force

M3Y-P6: H.N., PRC 87, 014336; IJMPE 29, 1930008

- “semi-realistic” int. — compromise of micro. & phenom. int.
or “fine tuning” of micro. int.

(Gogny-D1S & Skyrme-SLy4 --- for comparison)



% Unphysical instabilities

Curvatures of E/A

against spin & isospin exc.:

a; [MeVv]

ag [MeV]

ag [MeV]

H.N., PRC 87, 014336 (’13)
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(— in many SCMF int. even at MF level 7)

Instabilities in nuclear matter —
e.g. response fn. (with 9(T™V):

o, T (0,0,0)
05~. by, wy 1 00,1
S ~ s o (1,0,1)
“"%Wép (1.1.0)
. (1,1,1)
£ 03 : Lued
N A ISR b
0.2
O.Iv*nrx»aun.xm%b DIS
. R
q [fm ]
‘e, 0,0,0)
05k teees,ee . 00.D)
0.4} g
E o3} g
O-O
02f g
o, M3Y-P6 |
0 . ™ 1 1
0 1 2 3 4

“A quite remarkable result s that
the Nakada’s interactions are
essentially free from instabilities
up to ~ 2p,”

D. Davesne et al.,

PPNP 120, 103870 (’21)
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% S.p. pot. @ ¢ <0 — e.g. magic numbers
< quenching of pair correlation

126 g3
o Z magi - N magi 120 gopec g E
magic magic Oo0C0CmO0000000)
bmagic (0.5) = submagic (0.5 B
- Su maglc( S) Su maglc( J) Do00CO-00C0Oe0- 000000
0o00000000000Om0C000000
(O 8) (()8) 00C00000000000OMo0000000
. -0©) popoOo00000000000O0C0C0000
D000000000000000000OM0C0000a0
0o000000000000CO-AC0COM0N000000
0o0C000000000000CA-NC0COM0N000000
DO00C00000000000000-0-0C0COW00000000
000 DN0000-0000000000000OM0- 000000
o 2 [
=00 0C000000000000) 0000008000
DoWC000000000000000000000000000800
DO0COmOC00000000000000000000000000 M0
_ - ooooo00m0000000000000000000000000000m0)
/= 82 oomo om0
III O ]
D00C000000OmM000000C0000000000000000-0000.

Eam s a e — na A ...
0o0000000000000000-Om0C00000000000000000000000000.
000000000000000000-Om0C0000000000000000000000000

m0000000000000000000-Om0C000000000000000000000000
O OO0 0 OO0 0O OO0 0O 0000000000000 N=184
OoOm0C00000000CA-AC0C000NMO0000C0000000000000
64 ——000OeC000000000000000000  EEEaEEREE .
Oo00COmO000 0000000000 00CO00C0000000000000
DO0C0COe0C000000000000000000CMO000000000000 164
DOO00C0C0e000000000000-0000000Oe000000000
£51. 2 o o W
D0000C0CMO00000000000000000000Wa0
_00000000-OCOm000000000000C0000000Cm
7=50 CmC Om
- @0 |
DE000C0C000000000e00-0-000000000000000
OOmC000000000000008000000000000000000  \ j—
Oo0COe0C0000000000-0CeC00000000000000 N=126
40 ~Co0oOOe00000000000000 OOC00000000
0000000EO0e0000000000
o T o ) Z
DO000COCOmOC00000000CO- OO MO0
D0000-0-Oe0000000000-0-OCs00
Oo0C000C0Oe000000000000000
7=28 Faiiog- o8 Oenoo0tnt N = g0
moOCeC000000000wa00
OEOCORO0C00000000m0000
7=20 o R3iARNgoaoroo e
— (NN EEE N EEEEEEEE N
T
14 o 0000 N=50
DoO0COm0C000
@-0- 000000

H.N. & K. Sugiura, PTEP. 2014, 033D02

= magic # compatible with almost all available data!
(--- good s.p. pot. at € < 0)
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* S.p. pot. @e>0 --- A — oo limit (homogeneous nuclear matter)
(koT|UlkoT) ~ Uplen;n) +7Ui(en;n)ne;  mp = ZT’nT//n

( )

Q

lim V"P(r = 0)

A—00

ermp(EN; Po) - T Ufmp(EN; ,00)

(local, A- & ex-dep.)

A

N — 7 +1 for p
—1 for n

yemp Koning-Delaroche (0.001 < ey < 200MeV) NPA 713, 231
‘CHS89’ (10 < ey < 65MeV) Phys. Rep. 201, 57

( KD .- care needed for A —
(

c1A) term with small |¢]
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* S.p. pot. @e>0 --- finite (doubly magic) nuclei
(Wat1) = [Pa) ® [Phn)
|Dy) «— “SCMF” (or KS) ( )
YN — U =V e | )

[ VSFP — [ — gelf-consistent pot.

| WP+~ KD --- local, A- & ey-dep. (empirical)

D) & VI
AN

same framework, same eff. int.

d(f el

b bl (—
— opservanilies dQ

s Oreac OT Ttoty Ay etc.) via code
CPC 254, 107340



dag / dQ (mb)

14

e cross sections (up to angle-dep.)

@ po | | (b) p*ca | | (©) p-20zr d) p-*°°Pb

£,=17.5 MeV (x10%) £,=16.0 MeV (x10%) £,=16.0 MeV (x10%)

£,=16.0 MeV (x10%)

o %% o

Y

‘ ‘ ‘ MM W ‘ ‘ ‘ 1 ‘ ‘ ‘
0 30 60 9 120 150’ 180 0 30 60 90 120 150 180 0 30 60 9 120 15(\) 180 0 30 60 90 120 150 180
6c.m. (deg)

\ \ vy ™ - 4
£,765.0 MeV (x10%) £,-80.0 MeV (x10°%),, - J £,-80.0 MeV (x1079) ’ NN £,-80.0 MeV (x10%) "/ v/

M3Y-P6 (for V5'P)
- — - Di1S
------ KD (V)



e validity for V" combined with V5" ?
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e spin-dep. ?

1

0.5¢

0

-0.5¢

A (6)

H

30 60 90 120 150 0 30 60 90 120 150 180

1

p-""Pb, €, = 16 — 80 MeV

—> good s.p. pot. in —20 < e < (65 — 80) MeV' !
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e elastic scatt. off halo nuclei? oo UYU™P — questionable!

— %Ni: (nearly) doubly magic with n2s,, occ.  PRC 81, 051302(R)

10%} p-86Ni

86, ..
Ni —~
o)
— =
(? S
£ @
w— ©
Q ~
g O
~ @)
h G ©
AN
\\
I I I
12 14 16

0 30 60 90 120 150 180
Oc.m. (deg)
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% Validity / limitation of (Brieva-Rook) local approx.
NPA 291, 299 & 317; 297, 206

e Brieva-Rook LA --- VS « [V (1) only !
— valid for “any” A & ey ?
e beyond n](g?%(r) ?7 — 09r. ) (1-b. DM)

( g<0> within mt range : Well examined !
advantage of PW --- ¢ influence of ¢ v (& )
\ can be investigated

cf. H.F. Arellano et al., PRC 42, 652
K. Minomo et al., JPG 37, 085011



da,, / dQ (mb)

e cross sections (up to angle-dep.)
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e scatt. off halo nuclei ?

do, / dQ (mb)

108 |

106 |

i
\ \ . £=16.0 MeV (x10% |

KW ' SR\ 3
Y £,=30.0 MeV (x107)
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\ i}

s
\.~
N
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0

30 60 90 120 150 180
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exact (non-local SFP)
—————— LA for ¢(©

LA for (@ + 419
— - KD (empirical)

o notable influence of LA

Q@ ¢, = 16 MeV
< halo

o coupling to continuum

— V3P g00d enough ?

— future exp.?
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V. Summary & perspective

% Self-consistent single-nucleon pot.

— target w.f. & V°'" (non-local, ey-indep.)

N\
N-A scatt. (A — oo limit & finite nuclei)

e Wide energy range (¢ < 80MeV) can be covered
by a single energy-indep. int.! (— demonstrated by M3Y-P6)
. power of KS approach w/ semi-realistic int.
(%

e Optical pot. @ unstable nuclei
--- beyond empirical pot. e.g. halo effects

e (Brieva-Rook) LA
o insufficient @ large ¢ (ex < 80MeV)
o significant influence of LA for H(ILS)

o insufficient for halo nuclei (even at low ¢)
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e Extendability with enhanced analyticity of E%°[g]
(<> v-representability)
— collection of well-examined s.p. pot. & levels up to high-c

e Future extension to finite-7'?7 (optimistic view)
existence of F5[p] = (E — T.S)%5[g] @ each T

< min Fpr: constrained search
{v}—Q

dominance of s.p. d.o.f. @ higher-T" — rationality of FX5¢]
— analyticity w.r.t. 7?7 --. U®> @ high-¢?
— EoS @ finite-1" consistent with exp. data

cf. detailed balance — no absorption @ equilibrium
e S80MeV — T <30MeV =





