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Review

CompleX SCahng MethOd S. Aoyama, T. Myo, K. Kato, K.Ikeda,

Prog. Theor. Phys. 116(2006).
The complex scaling for the coordinate is described as YO8, Lheor. TAys

U@)r=re’, UB)p=pe™.

The Schrodinger equation is rewritten as

HOU(O)Y = EB)U(H)Y,
H(0)¥(0) = E(0)¥(0),

where

H(0)=UO)HU '(9).

The complex eigenvalue is obtained by the diagonalization of the Hamiltonian matrix.

Zc (Wil HO);) = E 020 (Wl5),
ZC (B, 0)[v;).

) J. Agullar and J. M. Combes, Commun. Math. Phys. 22 (1971).
According to the ABC-theorem, E. Balslev and J. M. Combes, Commun. Math. Phys. 22(1971).

i)The energies of bound states and resonances (6 > tan™'(I'/2E,)) are not changed by scaling.

i) The continuum spectra are obtained along 26 lines, which start at the threshold energies of the sub-systems.



Complex Scaling Method for tetra neutron *n

E.Hiyama, R.Lazauskas, J.Carbonell, M.Kamimura,
: . : : . . PRC93(2016)044004
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Stochastic Variational Method K. Varga, Y. Suzuki, Y. Ohbayashi,
Phys. Rev. C50, 189 (1994)

In order to treat the large model space, we use SVM

(Stochastic Variational Method).
MN

Present Ref.[24] Exp.
E 7‘ ‘.\ ‘; I{l‘!.'lf‘ E Rrrnf- E

cluster
MeV MeV MeV MeV fm MeV fm MeV
t(") 838 27.24 -3562 0 1.70 —8.38 1.71 —8.48
15 base <3 h(:') —7.70 26.73 -35.11 0.67 L.72 —7.71 1.74 —T7.72

Sbase =—> 14y 290 1049 -12.69 0 1.94 —2.20 1.95 —2.22
[24]Y. Suzuki ef al. FBS42(2008)33

Example for a t+p channel

t p

30 :>

SVM

t p

15

N,=20X20X30=12000bases Np=15X20=450bases

Computational time is proportional to N, XN , (or N XN XN, for larger dimension)



Complex-range Gaussian basis function

Oscillating part 1s introduced to the Gaussian-type
basis function.

u(a;,r) = r! exp(—(1 z‘f‘2),
uf(ai,r) = rlexp(—(1 -Gwlair?).
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The binding energy of triton by using CSM+SVM

The bound state solution should not depend on

the Scaling angle e Standard CSM with geometric progression
Precise solution

RG CG(OG)  CG(OG) GP |/
N, 15 30 30 800
w 0.0 0.6 1.57(=%) 0.0
E@ =0.0)(MeV)  —8.38 —8.30 —477 —8.385

E(6 = 0.2)(MeV) —8.51—i0.04 —8.34—i0.03 —5.23—i1.10 —8.385—i0.872x10 *
E(6 = 0.4)(MeV) —8.89—i0.48 —8.47+i0.02 —6.35—i1.85  —8.388—i0.006

/ N\

0-dependence is small for complex-range Gaussian

0-dependence is large for real-range Gaussian

800 dimension -> 30 dimension
Standard CSM CSM+SVM+CG



Energy Levels of “He
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Hamiltonian and basis function

The Hamiltonian is

4 4
T _'jin1+‘§£:i2j'+:§::ii?

1<J 1<

Il
i
N

where Vij is the two-nucleon potential (Minnesota), 173 is the Coulomb potential.

-

The basis function of *He is written as
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’P,phase shift with MRM

Estimated resonance energy
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Complex Eigenvalues of 0" in “He

CSM+SVM

Real Range (RG) Gaussian

Complex Range (GG) Gaussian
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A-trajectory of Complex Eigenvalues of 0" in “He
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0-trajectory of Complex Eigenvalues of 0" in “He
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Complex Eigenvalues of 0*1n “He
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A-trajectory of Complex Eigenvalues of 0 in “He
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Summary

CSM+SVM is proposed and applied to the excited resonance of
‘He (0+).

CSM+SVM with the RG basis function can not reproduce the
excited resonance of ‘He.

CSM+SVM with the CG basis function can reproduce well the
excited resonance of ‘He.

Typical computational time with CSM+SVM is 100 times faster
than the conventional CSM(GEM) at least.

Future problem

Systematic investigation of four-nucleon resonances with
realistic interactions.



