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MICROSCOPIC NUCLEAR-STRUCTURE
THEORY

1. Start with the bare interactions among the nucleons

2. Calculate nuclear properties using nuclear many-
body theory



HY = EY

We cannot, 1n general, solve the full problem 1n the
complete Hilbert space, so we must truncate to a finite

model space

—> We must use effective interactions and

operators!
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No Core Shell Model

“Ab Initio” approach to microscopic nuclear structure
calculations, in which all A nucleons are treated as
being active.

Want to solve the A-body Schrodinger equation

HA\PA: EA\P A

P. Navratil, J.P. Vary, B.R.B., PRC 62, 054311 (2000)
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Many-body experimental data
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P. Navratil and E. Caurier, Phys. Rev. C 6 9, 014311 (2004)
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-~ From few-body to many-body
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No Core Shell M

|

Starting Hamiltonian

Realistic NN and NNN potentials

Coordinate space -
Momentum space -

Argonne V18, AV18’,
CD-Bonn, chiral N*LO|

NNN Tucson - Melbourne
NNN chiral N2LO

s : 1 - 1
Binding center-of-mass EAm‘Q 252 _ 22

HO potential (Lipkin 1958)

Cluster Expansion:
Two-body cluster approximation
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Effective Hamiltonian for NCS

Solving He — E2 in “infinite space” 2n+l =450
A, 3*2 A, 3‘2 =2 relative coordinates
P+Q=1; P-model space; Q- excluded space;
EA o = UsH U, Uy = 2,P ET,PQ B9, = [L=242r |
20p Uag ‘ 0 Firg
7
H *h‘rxur'.l x !EE ,Eﬁ — {JTE ¥ F Ef! UQ 3
A — = A2 P T
\/UELPUQ P \/Ué pUz. p

Two ways of convergence:

1) For P —1 andfixed a:

2) Fora— A and fixed P:

Haﬁ

~ A2 HA
eff

sl:lxmﬁ.n % HA
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| NCSM results for °L1 with CD-Bonn NN bot
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‘ -l ffective Hamiltonian for SSM

Two ways of convergence:

1) For P —1 andfixed a: H",_, — H,: previous slide

2) For a, — A and fixed P,: H", =~ —H,

P.+Q =P; P, -small model space; Q, -excluded space;

A,
HNl,maxaNmax Uﬂfl Py Nmax, Ua'l P
A,aq A a1,
\/ ai, Pl 1 P \/ 6!1, '511 &1

Valence Cluster Expansion
N =0 space ( p-space); a,=A, +a, a,-order ofcluster;

1, max

A. - number of nucleons in core; a, - order of valence cluster,

F{ Vs Nimax A A+k
Mo —ZV




‘Two-body VCE for °Li,

0. N iovos 6.5 6.6
Hod gt — V + VY

Need NCSM resulits / 1
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2-body Valence Cluster
pproximation for A>6.
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2-body Valence Cluster
approximation for_ —

0.Nmax 1,64 6.5 6.6
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2-body Valence Cluster
proximation for A=7

m

Need NCSM results
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2-body Valence Cluster
gapproximation for A=7
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3 -body Valence Cluster
proximation for A>6..

0. N A4 A5 A6 AT
Hy al_T_VO + Vi + Vo + Vg

Need NCSM results / 1 \ \

in N _space for ‘He SHe °Li ‘He °Li ‘Be "He 'Li’B "Be
With effective interaction for A !!! H ,{AV maXQaQaeff

Construct 3-body interaction in terms of 3-body matrix elements: Yes

A’T— ON ONmax
Vo = H, - —Hy

A\
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3-body Valence Cluster
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3-step technique to construct effective Hamiltonian for SSM with a core :

#1 2-body UT of bare NN Hamiltonian (2-body cluster approximation)

#2 NCSM diagonalization in large N space for A=4,5,6,7

#3 many-body UT of NCSM Hamiltonian (up to 3-body valence cluster approximation)
Results:
1) strong mass dependence of core & one-body parts of H"
2) 3-body effective interaction plays crucial role

3) negligible role of 4-body and higher-order interactions for identical nucleons
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From 4h€2 NCSM to sd CSM for 1§F

Petr Navratil, Michael Thoresen, and Bruce R. Barrett, Phys. Rev. C 55, R573 (1997)

Step 2: Projection of 18-body 4hQ Hamiltonian onto 0hQ 2-body Hamiltonian for 18

H ([sdP) =X, |k,N__=4,A=18>E  (A=18) <k,N__=4,A=18)] 7 4hQ: Py=P,+Q,

kN, =4,A=18 > = U, |k ,[0hQ,18]> + U, , |k ,[2+4hQ,18]> : 0.
dim(P,) =6 706 870  dim(P,)=28  dim(Q,) = 6 706 842 o
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\ X i
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H,, = H,,(1b) + H_,(2b) + H_(3b) + H_,(4b) +...

- A. Lisetskiy A




