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some general properties for oscillator basis calculations; 
this is the only relevance to NCSM 
 

 
 

 
ü Motivation  
ü  J-matrix formalism 
ü  resonance information from Eν  
 
             J-matrix         NCSM:   Nα scattering 
 
  



Conventional:  
bound state energies are associated with  
variational minimum in shell model calculations 
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Can we extract resonance energy and width from  
calculations with oscillator basis? 
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Schrödinger equation: 

Expansion: 

 is oscillator parameters,  m is reduced mass. 
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q = kr0        – dimensionless momentum.  



 Infinite Hamiltonian matrix: 

Structure of Hamiltonian: 
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 Non-zero kinetic energy 
matrix elements: 
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 Truncated potential matrix: 
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Phase shift: 
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Regular and irregular oscillator solutions 
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Phase shift: tan!(E) = ! SNl (E)!GNN (E)TN ,N+1
l SN+1,l (E)
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All NCSM states are needed that is impossible to obtain       
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 E = Eν :  

Only one eigenvalue Eν is an input!  

✔ 

✔ 

E! (!!), !!" continuous parameter !(E), S(E)



universal function         
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asymptotics               
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universal function         
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universal function         
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compare J-matrix with Lifshitz 
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•  I. M. Lifshitz (1947). 
•  O. Rubtsova, V. Kukulin, V. Pomerantsev,  

JETP Lett. 90, 402 (2009);Phys. Rev. C 81, 064003 (2010). 
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 In vicinity of the resonance with  Er, !
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!arctan SN+1,l (E! )
CN+1,l (E! )
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How should depend  Eν  on hΩ and N  
in the vicinity of resonance?   
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Resonance:  

 

 

Model potential 

V0 = !50 MeV, Vs = 207 MeV, d1 = 0.53 fm, d2 = 3.774 fm, R = 3.08 fm
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Er = 3.403 MeV
! = 0.225 MeV
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Er = 3.404 MeV
! = 0.223 MeV

a = 0.0605 MeV 1/2

b2 = 3.4061 MeV
c = !0.7059 MeV !1/2
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E1(hΩ) 

E1(N) 

dE1 /d(hΩ) >0 ! 
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Resonance:  

 

 

Phase shift comparison 

Er = 3.403 MeV
! = 0.225 MeV

fit:  

 

 
a = 0.0605 MeV 1/2

b2 = 3.4061 MeV
c = !0.7059 MeV !1/2

Er = 3.404 MeV
! = 0.223 MeV

0 1 2 3 4 5 6 7
E (MeV)

-60

-30

0

30

60

90
 (d

eg
re

es
)

best fit
N = 20, E1



Resonance:  
 
 

 

Model potential 

V0 = !48 MeV, Vs = !20 MeV, d1 = 0.53 fm, d2 = 3.774 fm, R = 3.08 fm

V (r) =V0
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1+ exp (r ! R) / d1( )
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Er = 0.8319 MeV
! = 0.0612 MeV
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Er = 0.8319 MeV
! = 0.0589 MeV

fit:  

 

 
a = 0.0317 MeV 1/2

b2 = 0.8324 MeV
c = !0.0955 MeV !1/2
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Resonance:  
 
 

 

Er = 0.8319 MeV
! = 0.0612 MeV

a = 0.0317 MeV 1/2

b2 = 0.8324 MeV
c = !0.0955 MeV !1/2

fit:  
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NCSM calculations for 5He with JISP16 
Redefined level energy from nα threshold:  E = E(5He, 3/2-) – E(4He, gs)  
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NCSM calculations for 5He with JISP16 

E(5He, 3/2-) – E(4He, gs)  !arctan SN+1,l (E! )
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a = 0.392 MeV 1/2

b2 =1.286 MeV
c = !0.475 MeV !1/2

Best fit:  

 

 

Er =1.209 MeV
! = 0.875 MeV

! 2 / datum =1.2!

Resonance:  

 

 



Phase shift and resonances parameters 

Resonance:  

 

 

Er =1.209 MeV
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Experiment:  

 

 
•     

Er = 0.80 MeV
! = 0.65 MeV
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NCSM calculations for 5He with JISP16 

E(5He, ½-) – E(4He, gs)  !arctan SN+1,l (E! )
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Best fit:  

 

 

a =1.292 MeV 1/2

b2 = 3.432 MeV
c = !0.535 MeV !1/2

Resonance:  
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Phase shift and resonances parameters 

Resonance:  
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Experiment:  

 

 

Er = 2.07 MeV
! = 5.57 MeV
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•  We suggest a new method to evaluate resonance 
energy and width. This method based on J-matrix 
is simple enough. But it works and provides a good 
estimate of  resonance parameters. 

•   It seems that we achieved convergence of results 
for nα scattering extracted from NCSM 
calculations. It appears that disagreements 
between theory and experiment are due to JISP16, 
the NN interaction utilized in the study.    



Thank you! 


