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Starting from realistic nuclear forces, the chiral N°LO and JISP16, we have applied many-body perturbation
theory (MBPT) to the structure of closed-shell nuclei, “He and '°Q. The two-body N*LO interaction is softened by
a similarity renormalization group transformation while JISP16 is adopted without renormalization. The MBPT
calculations are performed within the Hartree-Fock (HF) bases. The angular momentum coupled scheme is used,
which can reduce the computational task. Corrections up to the third order in energy and up to the second order in
radius are evaluated. Higher-order corrections in the HF basis are small relative to the leading-order perturbative
result. Using the antisymmetrized Goldstone diagram expansions of the wave function, we directly correct the
one-body density for the calculation of the radius, rather than calculate corrections to the occupation probabilities
of single-particle orbits as found in other treatments. We compare our results with other methods where available
and find good agreement. This supports the conclusion that our methods produce reasonably converged results
with these interactions. We also compare our results with experimental data.
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Ab initio many-body perturbation theory - MBPT

Two fundamental problems in nuclear structure calculations:

1) nuclear force; 2) many-body correlation

Ab initio calculations of nuclei

1. Starting from realistic nuclear forces

2. Renormalization (softening) to speed up convergence

3. Ab-initio methods to treat many-body problems
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MBPT calculations for closed-shell nuclei
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a) First we performed spherical HF calculation (in HO basis)
b) The HF state is chosen as a reference state, which limits to closed-shell nuclei.
¢) In the HF basis, we make MBPT: for energy up to 3rd-order perturbation
corrections, and for radius up to 2"9-order corrections, in the j-j scheme:
Hy = Z hhha1E a,
l1l2
H="Hy+ (H-Ho)=Ho+V
The exact solutions of the A-nucleon system are,
Hv, = E, v, n=0,12,..
The zero-order part is,

I:qujn = E;go)‘bn, n=0,1,2,..



Perturbation (MBPT)

For the ground state:
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Rayleigh-Schrodinger method


Выступающий
Заметки для презентации
resolvent [re,solvent], |i> for intermediate states corresponding to many particle-hole excitations.


Advantages in HF basis, compared with HO basis:
1) faster convergence;
2) some-type perturbation diagrams can be cancelled out, but not in HO basis;

3) In HO basis, calculations could be 7..w dependent, while less dependent in HF basis.
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Выступающий
Заметки для презентации
φ0就是HF wave function, 给出HF energy, i.e., E(0)+E(1)


Anti-Symmetrized Goldstone (ASG) diagram expansion
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Выступающий
Заметки для презентации
Vertex [və:’teks]


ASG diagrams for wave functions
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Root-mean-square radius calculation
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e A PP pp for charge radius (point-proton)
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Fig. 3. Ground-state energy of *He as a function of iQ at four different value:
(20, 3. 2, 1L.5fm™"). The initial potential is the 500 MeV N*LO NN-only pot
from Ref. [13]. The legend from Fig. [I] applies here.
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Our MBPT: N3 LO+SRG without 3NF
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Our MBPT calculations with N> LO+SRG: convergence in radius
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HF-MBPT calculations for 4He with N°LO-SRG, N, =13, hQ=35 MeV

SRG flow parameter A (fm_l)

1.5 2.0 2.5 3.0
Expt. [60] -28.296 -28.296 -28.296 -28.296
NCSM  [61] -98.20 -28.41 -27.43 -26.80
Blndlng energy SHF -25.754 -21.864 -15.854 -10.278
PT2 -1.788 -5.088 -9.652 -13.783
PT3 -0.391 -0.899 -1.523 -1.953
SHF+PT2+PT3 -27.933 -27.850 -27.029 -26.013
r, (NCSM)=1.418 fm with N, =10 SRG flow parameter A (fm™")
1.5 2.0 2.5 3.0
Expt. 1.477 1.477 1.477 1.477
Point-proton SHF 1.677 1.652 1.714 1.816
rms radius PT2 0.007 0.001 -0.021 -0.065
Arem. -0.226 -0.222 -0.227 -0.235
SHF+PT24+Arqm, 1.458 1.431 1.466 1.516




R. Roth et al. (2006) PRC 73, 044312

MBPT, but AV18 and UCOM

Corrections to 3" order in energy, 2"¢ order in radius
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FIG. 5. (Color online) Ground-state energies for selected closed-
shell nuclei in HF approximation and with added second- and
third-order MBPT corrections. The correlated AV18 potential with
Iy = 0.09 fm’ was used. The bars indicate the experimental binding
energies [31].
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FIG. 8. (Color online) Charge radii for selected closed-shell
nuclei in the HF approximation and with added second-order MBPT
corrections. The correlated AV18 potential with 7y, = 0.09 fm® was
used. The bars indicate experimental charge radii [32].
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A. Tichai, J. Langhammer, S. Binder, R. Roth, PLB 756 (2016) 283 (in March)
MBPT, N°LO(NN)+N?LO(NNN), SRG
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Fig. 1. Partial sums for the ground-state energy of !°0 in the HO basis (a) and
the HF basis (b) for the NN+3N-full interaction with o = 0.08 fm* and model-space
truncation parameters Npax =2 (@), 4 (A), and 6 (
corrections for each order are displayed in panels (c) and (d), respectively. All cal-
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culations are performed at frequency h2 = 24 MeV.
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Выступающий
Заметки для презентации
amplitude


1)
2)

3)

4)

Conclusions

ADb initio MBPT calculations of nuclear structures.
Hartree-Fock provides a good basis to get the MBPT
calculation converged.

It seems that realistic nuclear forces give smaller radii of nuclei

compared with data, not only in MBPT but also other ab initio

methods.

3NFs should be required for calculations of heavy nuclei.
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