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Mean-field (Hartree-Fock) Theory

V() (MeV)

o © 1sy),

shell model

p(r")dr’

naively speaking,

V(r) ~ [ (e, r)p(r")dr’




Mean-field (Hartree-Fock) Theory

V() (MeV)

shell model

p(r")dr’

naively speaking,

V(r) ~ [ (e, r)p(r")dr’

p(r) = 3 [i(r) 2




Mean-field (Hartree-Fock) Theory

p(rNdr naively speaking,

V() ~ [ (e, )p(r)dr’

p(r) =3 [$i(r)I?

52
0 = —%VQ‘FV(T) Ez] Y (1)
TLQ 2 2
= |—-V2+ [u(r, ) (war)\) } i (r)

the potential depends on the solutions



Mean-field (Hartree-Fock) Theory

2
0 = —%Vz + V(r) — Ei] V(1)
: 52 2 / I\ |2 /
= —%V —I—/’U(’I’,’P) (Zhbj("‘ )| ) dr’ — ez] Yi(r)
_ J

the potential depends on the solutions

—— self-consistent solutions

lteration:  {1;} — p =V — {¢;} — -

repeat until the first and the last wave functions are the same.

“self-consistent mean-field theory”
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Skyrme-Hartree-Fock calculations for 4°Ca
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Skyrme-Hartree-Fock calculations for “°Ca
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p (fm")

Skyrme-Hartree-Fock calculations for 4°Ca

03 . 270 ——
| 2280
2290
2300
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E (MeV)
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| |
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6 8 ’ 5 10 15
1teration

=
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optimize the density by taking into account the
nucleon-nucleon interaction



Skyrme-Hartree-Fock calculations for “°Ca

0.3 | . 270 — |
| -280
-290
-300
-310

p (fim™)

E (MeV)

-320
-330
-340

-350 | | | | |
o 5 10 15 20 25
r (fin) 1teration

o0
=
J

optimize the density by taking into account the
nucleon-nucleon interaction

— optimized density (and shape) can be determined
automatically



Variational Principle (X7 RE)
optimization «<—— variational principle

(WIH|W)
(W|w) —

g.s.

H : many-body Hamiltonian
V(ry,ro,--) = ¥1(r1) - ¥a(r2) - ¥3(rz) - -
—— many-body wave function for

Independent particles
g i V2 No(r'dr! =0
3 V2 [ ntar ] i) =
*RIRNF—DRDICHELELSITELOET D
PFRTOOVILEEZTLK
*ERLEADNIRILEF—DNTHLIDTHNIEERESESD




many-body Hamiltonian: 5 _ _ f: ﬁ_zvg +% iv(m'rj)

— SEE

TLQ A
(WIHW) = —2= 3 [ i) V24 dr
=1

“2m 2
1 A

+2 50 [ 0, Py () drds”
z,]

Variation with respectto ;"
{07} = {0 + 097} ELTEIRILE—HEHSEL
(EELUEEIEMORBRBIENELLLGWNV -0 DMERZEDITH)

2
68 = [ draui(r) [—ﬁ—mv%m + 3 [ i yolr, vy )i (r) dr’ = egi(r)| =0
J

c Hartree equation:

2
_Qh—mVQwi('r) + Z[ WE(rDo(r, v (r) () dr' = ei(r)
J




Mean-field (Hartree-Fock) Theory

;%IJ;
I
S
N
op

FIFERFEDHEE/ER
—RAFMEN B E

V(r) ~ /fu(r,r’)p(r')dr’




anti-symmetrization

nucleon: fermion

w(rla 2, r3-: ) — —W(TQ, r1,r3-" )

Y1(r1)Ya(ra) — \/15 [1(7r1)Y2(ro) — Yo(r1)yi1(ra)]

< Slater determinat

0 = ——V2 ‘|‘/’U(r 7') (Zhb](r )|2) dr' — & | i (r)

S |V [, (Zwr')ﬁ) dr' — | ¥i(r)

@’) (Z w;-‘(r’m(r’)@
J

exchange term

Hartree-Fock theory



anti-symmetrization

_ 52 . . _
0= [-Ev24 [ur r)(zwj(rn )dr ~ai| i)
- 5 -
— R V2 ‘|‘/'U(T T) (thj(r )|2) dr' — €| Pi(r)

- / v(r, ') (zw (r )febz('r")) dr'y;(r)

— [ V2 —+ V(fr') — 62 wz(?‘) +/ .’z(?"

non-local potential



Bare nucleon-nucleon interaction

V(r)] +o

Existence of short range
repulsive core



Bare nucleon-nucleon interaction

Phase shift for p-p scattering

M 1 I a I 1 I I El:’

1 3
- Sp (deg) -  “Ppideg)
a
10 = —
“"ﬁ
L L
= W
™
o o
= ey
10 b -
e
TiMeV) %
T — I . | 5 i " an 2 | PR | | PR
0 100 200 300 400 0 100 200 300 400

(V.G.J. Stoks et al., PRC48(°93)792)



Phase shift: I N on .

KE+k? k
Radial wave function /
w(r),, .
Wi(r) = =Y (7) 0
R2 42 N
4V -V, >0
[ 2m dr2+ (r) ¢
(14 1)R? (a) 51 7
+ U ; — E|luw(r)=0
2mr PR S
v,.kz,,_KZ 2”
+Vo k
Asymptotic form: |

ui(r) — sin(kr —In/2 + 4;)

0

(r — o0)




V(r) +eo
A
c~0.4—0.5fm
- 0—4 ~2.5fm
400
Phase shift: positive — negative Existence of short range

at high energies repulsive core



Bruckner’s G-matrix Nucleon-nucleon interaction in medium

Nucleon-nucleon interaction with a hard core

——> HF method: does not work
< Matrix elements: diverge

.....but the HF picture seems to work in nuclear systems

Solution: a nucleon-nucleon interaction in medium (effective
Interaction) rather than a bare interaction

i

Bruckner’s G-matrix



» two-body (multiple) scattering in vacuum

",
Ky T K’y Ky K’y Ky ; g K’y
K, K, kK, kYK,
',
+ Lippmann-Schwinger equation
1
T—'U—I—'UE_HOT



(note) Lippmann-Schwinger equation

define

<

|
<

h

h

—%VQ—I—V—E V=0 or [—%VQ—E
1
V=0 — — VWV
Hog — FE — 11
T'd = VI (T-matrix)
1
T =VP-V — TP
Hqo — FE —in

]wz—vw

I'=V -V

1

T

Ho—E—iT]




» two-body (multiple) scattering in vacuum

",
kl k’1 kl k’l kl i k,l
T ] = U + Ke, 7o)
Ky K™, Ky K™, Ky — K”,
',
+ Lippmann-Schwinger equation
1
T=v+ ’UE - HOT

» two-body (multiple) scattering in medium
K. > k NV R
1 F

kl k,l kl - k,1 kl | ! k,l
G .= v, * v v
K, K’ kK, k’, kK, — k%
K”5> ke
...,
*hRRAET k. LI L Bethe-Goldstone equation
ISFRIEHFRIEESENDT, R CD R

ARELANHNE — 37 F iR E — Hy



e Hard core

v
G=v+v Qr G <> G= Or
E—HO 1_UE——.Hb

< Even if o tends to infinity, G may stay finite.

< Independent particle motion

1.0F ling di ook
I -\I‘—“|ea Ing distance___ B-G equation
| s jo {(kr)

———— Free scattering

- //“

0.5¢ | //

.‘
0'0()
—0.5%

— use G instead of « In mean-field calculations



V(r) [MeV]

]m_---.

bare interaction

G3RS

Gogny D1---------

effective

r [-t:m]

4

Interaction

M. Matsuo, Phys. Rev. C73(°06)044309
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