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motivation & introduction

Faim . nuclear structure with realistic (NN) interactions

CD Bonn

Argonne V18

effects of 2-body correlations in nuclear matter :

Nijmwegen

/

’

reproduce NN phaseshifts
x* =1
charge-dependent

CD Bonn | ArgV18 | Nijm1 | Nijm2
(E) i 4.64 30.34 | 12.08 | 36.871
(E)ggyr | -17.11 -15.85 | -15.82 | -13.93
(T g 23 23 23 23
(T 36.23 47.07 | 39.26 | 48.01
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outline ‘

N -

* questions :

1. correlations in finite nuclei ?
2. what to do for strong cores ?

* contents :
1. ¢ method
2. diagrammatic expansion
3. results for the ground-state
4. correlated wave-functions

L _
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evaluation of the S,, - amplitudes

|_Projecting the Schrodinger-equation T
Hlp) = E)
He?|lg) = Ee”|¢)
eIl |¢) = B o)

multiply with (¢| :

Nested commutators :

A A

N ) o 1 )
e P He® = H+[H,S]+§[[H,S],S]+-~

\_———> connected diagrams for evaluation of S, _|
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evaluation of the S,, - amplitudes

| Projecting with (¢| a]a, = (a,7a; |¢))T it follows @

/

_ : X h
0=y +hyS .y, — hi Sy + Vol Seiyi

Wao po | 1y/h'p p'p" 1y /WR' a PP
_|_hp/ S(Q)hh’ _|_ 2‘/p/p//8(2)h/h 2‘/p/h S(Q)h/h//

R p' p h'p P’ p" 1 R K P’ p
—hp/ S h S h! _|_ ‘/p/p//s h’S h ‘/p/h S h' S(l)h"
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KR!
T %/p// S
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7S
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h/h//
2 S(l)z” —I_ %/p// S
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h' S

(AP (1) (VAP (2)hh

_1yAR' o P p  1y/Ah'o DD p"
2‘/]9/19// S(Q)h/h S(l)h// 2‘/]9/]9// S(?)h’h”s(l)h
with

ho — T vah’

& Bh
L

2T. D. Crawford, H. F. Schaefer lll, Rev. in Comp. Chemistry 14(2000)33.
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diagrams of one-body equation
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definition of intermediates

f definitions2: ©® T

(n)]};;.?.vfhn = (D] azl x -a;rlna(n) ca(l) | U) =

[dalyy o daly (ol O o) - (|

n —

\Ij(l)%l — <l’1’h> + S(l)il

n =2

‘I’(z)ﬂﬁ = A [‘I’u)ﬁq’(l)ﬁ] ™ S(zﬁi?ii

?K. H. Lihrmann, Annals of Physics 103 (1977)253
‘ R. J. Bartlett, M. Musial, Reviews of Modern Physics 79 (2007)291 \
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definition of intermediates

fnzi%

W(sﬁiﬁiﬁ :Ah[\I’(n{fzi\Ij(nﬁ\Ij(l)ﬁ]
+Ah5hx[‘1’(1)ills(2)lfzi§]
+5 3 bk
or
\Ij r1x2x3 \Ij 51325133\1] 1 _|_ (23)$1£C2333
(3)hihahs — = (2)hahs © (k1 X(3) hihshs
with

(23):61:62:63 L S

X(3) hihahs — ®(2)hihs 2)h1hs

Screens hardcore potentials

I

o ¥ (ks TS )nans Y (e T S(@hanas

hih2hs
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evaluation of the S| - amplitudes with intermediates

N -

Projecting with (¢| a! a, = (a}ay |¢))T it follows

TPy iThS']m

P hh” 3)pa _ _h p
Vs ‘I’( )hh’ + Vas X(3 ) hh'h € \Ij(l)h’
with
hg th O‘ﬁ
eh—T’WU + Vg W
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diagrams of two-body equation for nuclear matter
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Projecting with (¢| agla

oYY e
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a3l

T
P

ap, ap, It follows @

48 b
Al 1Al
O D
aR. F. Bishop, K. H. Lihrmann, Phys. Rev. B 17(1978)3757. \
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diagrams for

nuclear matter
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original Bochum HC Resumation :
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Bethe-Goldstone diagrams for nuclear matter
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BHF HC Resumation :
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Bethe-Goldstone diagrams for nuclear matter
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BHF HC Resumation : T
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general structure

* Integral equations ( in normal or momentum space )
* coupled , nonlinear ( term S,V Wy )

hierarchical

1. 1-body equation : S;, So , S3

2. 2-body equation : S1, Sy, S3, Sy
* first approximation : S3 =5, =0

1. ifSQV\IJQ — 0 BHF:V\PQNG
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evaluation of S5

—

I

equation for Sy’s

Bethe-Goldstone-equation :

summation of two-particle-ladders

_
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evaluation of 3

—

[n

equation for y3’s

Bethe-Faddeev-equation :

summation of three-particle-ladders

The

_
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CM-correction

1 N2 1 2 1 5 -
fTCM—2772—14(22'11%) = 597 i Di +mzi¢jpz><173 T
two-body case
(p_i+p_§) L p1 XpQ
2mA 2mA _I_ 2mA +
with
pixps _ ((pitp2)*=pi—p3)?) _ P*—(2p)?
mA 4dmA o 4dmA

I
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CM-correction ‘

] - I —)2
ﬁ incorporation of CM-correction 52

In the general Kinetic energy expression

T = Z T TC’M Zz 5 TC’M :

T, — T;(1—-1/A)

the CM-correction —ZX22 yield the following contributions

to the kinetic energy expression

—5) =)
D P __ Tr.y,
A and AX9m — A
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results for He

Energy over hbarw (CD-Bonn potential) for He He for various potentials
without CM correction with CM- correction
—1 2 T T T T T T ‘22 T T T T T
| | | | | |
| | i — CDBonn ]
3 —— Argonne v14 n
1251 - - 1
24 —
> > L _
2 2
o -13 5251 —
5] )
=] =]
[sa} [8a} B 7]
26 —
135 - 1
27 _
-14 1 | 1 | 1 | 1 | 1 | 1 28 L | 1 | 1 | 1 | 1
19 20 21 22 23 24 25 10 15 20 25 30
hbarw/MeV hbarw/MeV
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results for '°O(without CM-correction) ‘

ﬁ SUB 2 approximation: S3 =S4 = 0, open symbols T
SUB 3 approximation: S5 = 0, filled symbols

. . 16
Energie und Radius von O
SUB2 und SUB3 Approximation

—4 T T | T | T |

i O Argvi4 |
> ®
=)
g -6~ B
~ m|
Z
%_7 . Cd-Bonn N- a
B
=
83

8- —F— .

Exp. | \
| | | | | | | | | |

) 2.3 2.4 2.5 2.6 2.7 2.8 The exponential-S-method in momentum space — p.21/4
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results for '°O(without CM-correction) ‘

L SUB 3 (opt. b)

CD Bonn Arg V14
E/A [MeV] RI[fm] | E/A[MeV] R [fm]
Exp. -7.98 2.70
SUB 2 -6.31 2.421 -4.75 2.735
SUB 3 -6.96 2.445 -5.50 2.780
SUB 3 (XGX) -5.40 2.774
-6.76 2.386 -5.26



results for '°O(without CM-correction) ‘

- -

3
N=0L=0, Sl,v1=v2=1

S— Sz(r) CDBonn SUB2-Naeherung
. 0.1 . S,(r) CDB SUB3-Naeherung
= S,(r) ARGonne v14 SUB2-Naeherung
N Sz(r) ARG v14 SUB3-Naeherung
02— —

! | ! | \
0 2 4

r [fm]
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results for '°O(without CM-correction) ‘

- -

3
N=1L=0, Dl,v1=v2=2

0.07 [ [ |

I S Sz(r) CDBonn SUB2-Naeherung
0.06= ... S (r) CDB SUB3-Naeherung

B .. Sz(r) ARGonne v14 SUB2-Naeherung
0.05 - S,(r) ARG v14 SUB3-Naeherung

0.04 —

S,(r)

0.03 —

0.02 —

0.01 —

_
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p/h symmetry diagrams for nuclear matter
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p/h symmetry diagrams for nuclear matter
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expanded definition of intermediates

fdefini’[ion of (p1] W1 |11) = T
(@] alyap, V)
also in particle-particle space

(1| 01 |p1) = (@] af,ap, |¥) = —1

— summation of more diagrams

L _
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Hugenholtz diagrams
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Hugenholtz diagrams of one-body equation
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Hugenholtz diagrams of two-body equation

| Hmww w)
H<z,z>+zsa>\§< X/ \X),/ I M \éy Qy

H(1'3)+3S(1)‘ 1!5 é}l ‘

L H<')+5()(M w J
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Hugenholtz diagrams of two-body equation

I
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summary

N -

e correlations are important
for nuclear structure-calculations

e systematic study of n-body correlations
with the ¢°-method

e HC truncations revisited

e NO single answer

L _
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evaluation of the S,, - amplitudes

N -

Projecting with (¢| a al jaqay 1t follows

S (TS )8+ TES 1) + 3y ViERW )7
+ 2 klag?d )Z?Vfé aﬁ Zk( kgek% T S(z)?lfekj)
+ > _kap Ve X(l)g)?;lf + 2 kap ngEQ)S)?;?
+ 5 Y ktas VIS Tkt
— 0

\::> equation for S _I
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contribution of 3-body-correlations to the 1-body-equation

\
- -

ZVl,VQ <ﬂV1V2| ‘A/XAB ‘VV1V2> —
Y (102l X1G(1+ X B E)TIXA(S00) )
with
X1 = [231) (123
— [123) (231]

and with the permutation operator
X =|231) (123| + |312) (123]
= [123) (231| + |123) (312

L _
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contribution of 3-body-correlations to the 2-body-equation

\
U -

S p1pav| QV X3 v ov)

S (pipav| XG(1 + Xg—;é)_lXAy(gz\ill) Zy21%
with

(1] U1 1) = (21]n) + (1] 1 |1)

éS — €V1 _I_ €V2 _I_ €V3 T (Tl _I_TQ _I_TB)

L _
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3-particle-Bases

ﬁ)roblem ; T

change between

(v1v2)v3) — vy (v213))
rel. coord. between 1-2 rel. coord. between 2-3

transformation in the harmonic oscillator bases

problem :
best oscillator-length b for two-body correlations
— comparison of (kN L(ls)jJT| Ss |v11s) for different b

_
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examples

f’[o’[al angular momentum J = 0, isospin 7' =1 T

5,(K)

0.02

0.01

-0.01

occupied two-body orbitals v = v, = Ops

CM-coord. N = 0,L = 0, relativ-coord. 2s*1; =1 S

Oszillatorlaenge b = 2.526 fm

rot:n_=30,gruen:n__ =40
ax max

ma

5,(K)

0.02

0.01

-0.01

-0.02

Oszillatorlaenge b = 0.435%2.526 fm

rot:n__ =30
max
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results for *°Ca

I

E/A [MeV] R [fm]

Exp. -8.55 3.450
SUB 2 -8.78 2.898
SUB 3 -9.17 2.916
SUB 3 (XGX) -9.01 2.935
SUB 3 (opt. b) -9.34 2.909

_
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results for 1°O ‘

S, (k)

0.04

0.03

0.02

0.01

-0.01

-0.02

-0.03
0

S Sz(k) CDBonn SUB2-Naeherung
- S,(k) CDB SUB3-Nacherung

Sz(k) ARGonne v14 SUB2-Naeherung
Sz(k) ARG v14 SUB3-Naeherung

' : _
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results for 1°O ‘

—

S,(k)

0.06

0.05

0.04

0.03

0.02

0.01

N=0L=0,"D,,v,=v,=1

2

S Sz(k) CDBonn SUB2-Naeherung
. Sz(k) CDB SUB3-Naeherung
Sz(k) ARGonne v14 SUB2-Naeherung
Sz(k) ARG v14 SUB3-Naeherung
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