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1. Introduction

AU, = B,V,, with: Z Vi + Z 0;j

Z<j

oij =y v"(rij) Off)

n

o _ [y , 00, S , (L-8)ij, ] ® (1, 1i-14] .

The same operatorial dependence is cast onto W,:
v, = F¢0

where ¢, is the mean-field wave tunction and

=511/ _SHZ]" (r:;) O

1< 1<y N
is a correlation operator.
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2. Ground State Properties: Cluster Expansion

e The ground state energy Eq is given by:

E, = h° dr [V2 (1 >('r r )] — Z/d'rld'rg 5™ ),0(2) (r1,719)
7 9m ) =7’ ()"

m

— ,0( )('r' r') = A/l_[d'rj\lf]L (r, 19,7 ) Volr 7oy, 4)
1=2

A(A -1 A (n
— pgi))(rl,'rg) = ( )/Hdrj\DZ(rl...,rA)O§2)\IJO(r1...,TA)

o p(l)(r, r’) and péi)) (r1,79) are cluster expanded:;

e expansion truncated at 1st order in7;; = f 2 .—1; (Mean Field is recovered
at Oth order; normalization is conserved)

e the wave functions and correlation functions which minimize the ground-
state energy used for the expectation value of any operator at same order
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e at first order of the —expansion, the full correlated one-body mixed
density matrix expression is as follows:

p<1)(7‘1,’r‘,1) — pg)(?" ’l"l) + pg)(rlarl) T pg

)(r17r1>
with
b vy = [ dra [Holria,rie) s rt) plrs) = Hilris, ) o0, 7)o,
o rr) = = [dradrapld ) [Hlran)oll (ras r)pu(ra) = Helraa)p s, o)l s )

and the functions Hp and Hp are defined as:

1.1
Hp(p)(rij, Tre1) = Z FP i) £90 ) l(;(]g;))(wﬂ“kz) Cl()(E))(”“z'ja""kl)
p,q=1
with Cg(’qE))(mj, r1.1) proper functions arising from spin-isospin traces;

(Alvioli, Ciofi degli Atti, Morita, PRC72 (2005))
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e at first order of the n—expansion, the full correlated two-body mixed
density matrix expression is as follows:

POyt rh) = pRa(ryraimtrh) + ol roir ) + (et rh) + pl(rmairt )
with:
pgﬁd(m,rg;r’l,ré) = Cp po(r1, 7)) po(ra, 7)) — CE po(r1,75) po(r2, 71)
:0<2212(7°177°2;”°l1;”°l2) = %77(7“12,7”1'2') Po(T1,T7) Po(Ta, T5) — %ﬁ(hg,rm/) Po(T1,75) po(ra, )

2 ~
o2y ry ! 1Y) = / dra (113, 713) [ o717 polTas ) polTas 73) +

(2) RS A AN
,04b(7°177"2;"°1a"°2) —

' Z (—1)7) [ Po(T1; 7P1) Po(T2, TP2r) Po(T3, TP3) Po(Tas TP4) |
peC

(Alvioli, Ciofi degli Atti, Morita, PRC72 (2005))
(Alvioli, Ciofi degli Atti, Morita, arXiv:0709.3989 [nucl-th])
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one-body, non-diagonal
— p(ry, 7)) diagrams

\%/
two-body, diagonal e @ @------@) e Fo----@ @
S YRS T A
. X O 0 X



Ground state energy: Y0 - Argonne V¢

<V.> <Vo> <Vo>s <V,.> <Vg> <Vg,> < V> <T > E E/A MeV
n—exp 0.19 -35.88 947  -171.32 -0.003 -172.89 || -389.40 323.50 -65.90 -4.12
FHNC | 0.694 -40.13 -10.61 -180.00 -0.07 -160.32 | -390.30 325.18 -65.12 -4.07
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correlation functions: Central, Spin-Isospin, Tensor
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3. TWO-BODY DENSITIES &
TWO-BODY MOMENTUM DISTRIBUTIONS
of
COMPLEX NUCLEI
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Two-Body Densities

1 1 1 1
,0(2)(7“) = /dR p(2) (R—I—;r, R—ifr ; R—I—;r, R—ir)

e normalization (number of pairs) conserved by the expansion
e isospin separation feasible

e closed j-shell nuclei included in the formalism
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Two-Body Densities: isospin separation

in each of the terms of our cluster-expansion expression of two body density:

(2) (2) (2) (2)

PO (1, ro; i rh) = peng (P TP Th) 4 pop (P1, o L) + ey (T, oy P TE) A+ pyp (P, o T, )

the contributions from proton-proton, proton-neutron and neutron-neutron
can be separated:

Py, o, wh) =
A
— pgj)(rl,rg;r/l,ré) + ,0?2)(?"1,"“2;""/1:""/2) +p

nn ] /
(2)(""17 T9; T, T5)

by inserting the proper isospin projection operators in the cluster expansion
for particle 1 and 2;
as a consequence, the same holds for the two body momentum distributions:

nD k1, ko) = npp(k1, k) + npn(k1, ko) + nn(k1, ko)
which is defined in the next slide.
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Two-Body Momentum Distributions

1
krelEkzé(kl—kg) r =1Tr|{—"79 r' =] -7}
1 1
Koy = K =k + ks R = (ri+7s) R’:§( L rh)
we have
1 . .
n(k, K) = (2 )6/d’rdr’deR’e_ZK'(R_R/) 6_1k°(r_rl),0(2)(?°,?°/;R, R
7T
and
1 :
n(k) = / dK n(k, K) = pr / drdr'dRe~ k"=, o' R R)
i
1 .
TL(K) — /dkn(k,K) — (2 )3/drdeR/€ZK°(RR/),0(2)(T',T‘;R7 R/)
T

K s = 0 corresponds to kg = —kq, i.e. back-to-back nucleons
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1He: comparison with VMC

NN (krer) = | dK car npn (Krer, K o) nNN(Krel, Koy = 0)
10* 4 i
10°4 ~.. © __10 ‘He Total
102 >0 n(k_) £ 10°
S0 N -—-pp st "\
= 0 N v I
—~ 10 ST, T p-Nn 3102
10 S 1o
= 107 TRea D <
107 T~ 10° cN\oEemEas
L e e N 101.-1]-2-1-4..
0 1 2 3 A 0 3 4 5
100
] 4
e cood agreement with VMC calculations =% He present work
B 60-
® pn(Krer, 0)/npp(kyer, 0) peak location ok — = ol
(AV18: Schiavilla at al. PRL98 (2007)) )
-_-.-_ Moond ¥
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nyn (ko) for Complex Nuclei

nNN(Kre) = [ dK oy nvN(krer, Kong)

4 12 1

10 C Total o °0 Total 10° “Ca Total

10° - - --SM+2bd ; - - - - SM+2bd \ - - - - SM+2bd
N U 104 N @000 ... 107 -\ ...
£ 10 10° 10°
—_ 1
8. 10 10’ 10°
= 10° 10° 10’

10” 10” 10°

10-2| T T T T T T — J '1 : 10-2| T T T T T T T - T T 1 10-1' ' ! ' ! ' ! ' - I I I

0 1 23 k4m5 0 1 2 3 g5 O 23 Km'pP
rel rel

e normalization (number of pairs) conserved by the expansion
e isospin separation feasible
e closed j-shell nuclei included in the formalism

e three and four-body diagrams essential
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npn(kre1) | npp(krer): central vs. full correlations

—~5- .
5‘2 | 160 \x/@ | 4OCa
= full & ol
= ] ----central / -~ ~
©3- / 3 ---- central
I T Cg N e T
Z° ] Z2(Z-1)2 = 2.28/ 1 Z°1 Z(Z-1)12 = 2.11 j
1 - . . ; . .

o 1 2

3 1 4
kreI [fm ]

34
K [fm]

npN(Erel) = / dK oy npN ke, Kon) =

1

- / drdr' dR e~ Krer(T=1") ;PN

(2m)°

(2) (7"7 ’I"/; R7 R)

and the blue line is the number of pn to pp pairs ratio (Z = N = A/2):
Z(Z —1)
2
(#)1(%57)
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nyn (ko) for Complex Nuclei: Koy =0

nyN (e, Koy = 0)

5

3 4 5 54
krel[frn-:I

-1
k_ [fm]

e 12C three and four-body diagrams evaluation is still preliminary - relevant
for k,.; around 2 fm~!

e pn to pp ratio decreases with increasing A - due to decreasing number of
pailrs ratio
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nyn (ko) for Complex Nuclei: Koy =0

® Npn(Kkrer, 0)/npp(krer, 0) is a measure of relative pn to pp correlation
strenghts

10°+ . 4

s S He
I . .
j) 120
x“@ : “ o 160
C&101 E .: P - \‘ 40Ca
~ Sy N
?E b e sl o m . ../.l. ................. .\ .\..§ .;.. .....

N = -
é&’
L T HY.

kK *1fm°
rel

e pn to pp ratio decreases with increasing A - due to decreasing number of
pairs ratio

e peak gets filled with increasing A

M. Alvioli 17 SRCO7



Conclusions

e We have calculated one- and two-body ground state properties of complex
nuclei in the framework of cluster expansion

e The cluster expansion method proved to be relatively easy to use and com-
putationally affordable; comparison with acccurate many-body calculations
is very satistactory

e We have checked our two-body n,, N (k,.;, K ¢ ) against the prediction of
Two-Nucleon correlation model

e Tensor correlations appear to be an essential ingredient for the correct
description of (one- and two-body) high-momentum distributions
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One-Body Momentum Distributions

k) = g [ dmdrl KT )i

o~ Mean Field =,  ----- Mean Field . - - - Mean Field
m'g' ---- Central ---- Central - — — Central
510_3 Full 1 Full Full 40C
< C :
-
107 . 2
, e VMC ' --—- FHNC j--- FHNC -
0 2 1.4 0 2 1. 4 0 2 14 4
k [fm™] k [fm™] k [fm]

M. Alvioli 20 SRCO7



and

- Mean Field
— — - First order
—— First + Second order

+— cluster expansion

—
<

n(k) [fm’]

107
10™ .
Mean Field
1073 : 5 5 10 - — - Central
k [fm] m'g 102 Central
Yu

+ Tensor
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1He: comparison with VMC

NN (kret) = [ dK o npn (Rrer, K o)

nnN (e, Ko = 0)

Total

-— e oy
- -

10* 4
He 5
10%% -.. ‘ — 10
10°] ™ n(k_) £ 10°
o5 1 \‘. —_ — - _ —~~ 3
”§.180 \.‘.. gﬁ ?2102
—_ S -
<10 S Ban
(o -2 ~ ® x“']O
10 T~ o = ;
10° ~a 10
10-4 T T T T T T T T T T 1 10 1(I) T 'l]
0 1 2 3 K 45
100 -
e cood agreement with VMC calculations B
% 601
® pn(Krer, 0)/npp(kyer, 0) peak location ok — = ol
(AV18: Schiavilla at al. PRL98 (2007)) < 2
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Spectral Function properties at low K~); and high k..

PA(K|, B) = / AP e 1 ([ — P /2]) i (Pl -

() <A_2) (A_l)Pcm 2
OB = By = QM(A—1)'(k_ (A —2) )

10
& 1%
~ MB: n(k,.;, Kc)
L10°
B 1 CS: Ciofi, Simula
10 PRC53, (1996)

10° CA nQH(krel) nCS<KCM)
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Spectral Function properties at K); =0 and high k,;

A
Pi(lk[, E) = /chm nrep ([ = P /2)) nig([Peml) -

2) (A=2) (A= 1P\ "
0 |FE — F 1)-<k— )

thr M (A — (A —2)
S10% L pp
13 o C. n (k)n, (0)
—_ o pn
T_107] C, ny(K)n.,(0) pp and pn: MB n(k,,0)
O NS ~
A0 “Sral e CS: Ciofi, Simula
X 10%----- pp Tl e PRC53, (1996)
= TRisll C' A norrlk n 0
101 ........ p_n | ~3 A H( Tel) CM()
2 3 k4 [fm 1] )
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o n(k,.;, K )s) factorization in the Two-Nucleon correlation model Spectral
Function requires n(ky.qj, Ko, 0) o< n(kyep, Ky 0)

7_
= Kem = Ko 160 -0 =9OO
26{—— 0.0-02 kK
¥_5- 0.0-0.5
P --- 00-10 ,---oo o _
E 44 0.5-1.0//
— 1\
GD“E 3‘.\ //
O 1.\ /
x_;2— A Y O T
o 1 \ /7.
i‘z 1_—‘%\;'
cC | N 2T
0 ——————————
1 2 3k [fm"]4
rel

e high £,.; and low K s factorization verified by many-body calcu-
lation
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