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1.  Method (CSM, SVM, CG) 
2.  Application of CSM+SVM+CG to the excited resonances of 4He	



E=0.83±0.65(stat)±1.25(syst) MeV	
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Complex Scaling Method for tetra neutron 4n 	

Typical number of dimension of 
Hamiltonian matrix for 4-nucleon 
systems is estimated as one million! 
=> It’ s beyond the computational 
ability of standard super computers.	
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Stochastic Variational Method 
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In order to treat the large model space, we use SVM 
(Stochastic Variational Method). 

K. Varga, Y. Suzuki, Y. Ohbayashi, 
Phys. Rev. C50, 189 (1994) 

ComputaAonal	Ame	is	proporAonal	to	NbXN	b	(or	NbXNbXNb	for	larger	dimension)	
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Real-range	Gaussian	 Complex-range	Gaussian	

Oscillating part is introduced to the Gaussian-type 
 basis function. 	

Complex-range Gaussian basis function	



The binding energy of triton by using CSM+SVM	
The bound state solution should not depend on 
the scaling angle θ.	

Precise	soluAon	

Standard	CSM	with	geometric	progression	

θ-dependence is large for real-range Gaussian	

θ-dependence is small for complex-range Gaussian	

800 dimension -> 30 dimension	
Standard	CSM																						CSM+SVM+CG	
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Energy Levels of 4He 	
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Hamiltonian and basis function 	



3P0 phase shift with MRM 	
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Complex Eigenvalues of 0- in 4He	

Real	Range	(RG)	Gaussian	 Complex	Range	(GG)	Gaussian	

CSM+SVM	

Nb=15	for	t	and	3He	
Nb=5	for	deutron	 b3max=50fm	and	N=30	for	3N+N	

b3max=40fm	for	N=20	for	2N+2N	



λ-trajectory of Complex Eigenvalues of 0- in 4He	
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θ-trajectory of Complex Eigenvalues of 0- in 4He	



Complex Eigenvalues of 0+ in 4He	



λ-trajectory of Complex Eigenvalues of 0+ in 4He	



Summary	
CSM+SVM is proposed and applied to the excited resonance of 
4He (0±). 

CSM+SVM with the RG basis function can not reproduce the 
excited resonance of 4He. 

CSM+SVM with the CG basis function can reproduce well the 
excited resonance of 4He. 

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.　 


