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Motivation 
 Ø There are many ab initio approaches for describing bound 

states of light nuclei (for example, No Core Shell Model). 
In these approaches most states are in the continuum. 

Ø  Can we extract information about resonances and 
nonresonant scattering from shell model results? 
 

 
 



Motivation 
 Ø There are many ab initio approaches for describing bound 

states of light nuclei (for example, NCSM). 
 

Ø  Can we extract information about resonances and 
nonresonant scattering from shell model results? 
 

Ø We suggest an approach for describing scattering states 
based on shell model calculations of nuclei:  
NCSM Single-State HORSE method. 

 
Ø We suggest an interpretation of shell model results lying 

above decaying thresholds 
 



NCSM Single-State HORSE method: 
 

No-Core Shell Model  

  +   
Harmonic Oscillator Representation of Scattering 
Equation (Single-State version) 

  +  
Low-energy phase shift parametrization 
 
 



NCSM Single-State HORSE method: 
 

No-Core Shell Model  

  +   
Harmonic Oscillator Representation of Scattering 
Equation (Single-State version) 

  +  
Low-energy phase shift parametrization 
 
Application: 
 

The resonance and non-resonance Nα scattering 
within NCSM Single-State HORSE method  
with realistic  NN-interactions JISP16 and Daejeon16 
 



ü  Modern version of Nuclear Shell Model     
 B. R. Barrett, P. Navratil, J. P. Vary, Progr. Part. Nucl. Phys., 69, 131 (2013). 

No-Core Shell Model 



ü  Modern version of Nuclear Shell Model   

No-Core Shell Model 

 6Li :  0ħΩ 

+ 2ħΩ 

+ 4ħΩ 

+ + +   … 

+      … …       +   

+  …  + NmaxħΩ 

ü All nucleons are spectroscopically active 

Nmax – maximum number of excitation quanta   
ħΩ   – parameter of oscillator function 



ü  Modern version of Nuclear Shell Model   

No-Core Shell Model 

ü  All nucleons are spectroscopically active 

ü  Basis: many-body oscillator functions  
Example:   14F, model space Nmax = 8  
contains 1 990 061 078 basis functions  



ü  Modern version of Nuclear Shell Model   

No-Core Shell Model 

ü All nucleons are spectroscopically active 

ü  Basis: many-body oscillator functions  

ü  Only NN (+ NNN) interaction as input 
Below we use realistic NN interactions:  
 

JISP16        А. M. Shirokov, J. P. Vary, A. I. Mazur and T. A. Weber, 
                         Phys. Lett. B 644, 33 (2007). 
a Fortran code generating the JISP16 matrix elements is available at  
http://lib.dr.iastate.edu/energy_datasets/2/. 
 

Daejeon16  A. M. Shirokov, I. J. Shin, Y. Kim, M. Sosonkina, P. Maris 
                           and J. P. Vary, Phys. Lett. B 761, 87 (2016). 
a Fortran code generating the Daejeon16 matrix elements is available at 
http://lib.dr.iastate.edu/energy_datasets/1/ 



                            Harmonic  Oscillator Representation  
                            of Scattering Equations   
  is the effective method to describe two-body scattering 
HORSE  

T+V H=T+V 

H lul(E, r) = Eul(E, r)
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ul(E, r) =
1X

N=N0

aNl(E)RNl(r)
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N 0=N0

�
H l

N,N 0 � �N,N 0
�
aN 0l(E) = 0
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RNl(r) – Osc. functions
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N = 2n+ l
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HORSE  
ü  Potential matrix elements VNN’  

decrease when N,N’ grows  
while kinetic energy matrix 
elements TNN , TNN+2 increase 
(~ N).  
So potential matrix V may be 
truncated. 
 

ü  Tridiagonal kinetic matrix T  
is not truncated 

0 

0 

N, ~⌦Parameters  This is an  
exactly solvable problem ! 

N
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HORSE Phase shift: 

tan �`(E) = �
SN`(E)�GNN(E)T `

N,N+2SN+2,`(E)

CN`(E)�GNN(E)T `
N,N+2CN+2,`(E)

SN`(E) =

s
⇡n!

�(n+ `+ 3
2 )

✓
2E

~⌦

◆ `+1
2

exp

✓
� E

~⌦

◆
L
`+ 1

2
n

✓
2E

~⌦

◆

CN`(E) =

s
⇡n!

�(n+ `+ 3
2 )

(�1)

n

�(�`+ 1
2 )

✓
2E

~⌦

◆� `
2

exp

✓
� E

~⌦

◆
⇥

⇥1F1

✓
�n� `� 1

2

,�`+
1

2

;

2E

~⌦

◆

GNN 0(E) = �
N�1X

⌫=0

h⌫|N`i hN 0`|⌫i
E⌫ � E

All information 
about interaction 
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J. M. Bang, A. I. Mazur, A. M. Shirokov, Yu. F. Smirnov, S. A. Zaytsev,  
Ann. Phys. (N.Y.) 280, 299 (2000) 

HORSE: charged particles 

Optimal value of d is determined 
by classical turning point of basic 
state with oscillator  quantum 
number  

Auxiliary short range potential 

r0 =

s
~
µ⌦

<latexit sha1_base64="oUMho8S9mR0M+485tXibnYc682A=">AAACC3icbVBNS8NAEJ34WetX1KOXpUXwVBIR9CIUvXizgv2AJpTNdtMu3U3i7kYoIXcv/hUvHhTx6h/w5r9x2+agrQ8GHu/NMDMvSDhT2nG+raXlldW19dJGeXNre2fX3ttvqTiVhDZJzGPZCbCinEW0qZnmtJNIikXAaTsYXU389gOVisXRnR4n1Bd4ELGQEayN1LMrsudceOpe6swLJSaZNwywzDNPpN6NoAOc5z276tScKdAicQtShQKNnv3l9WOSChppwrFSXddJtJ9hqRnhNC97qaIJJiM8oF1DIyyo8rPpLzk6MkofhbE0FWk0VX9PZFgoNRaB6RRYD9W8NxH/87qpDs/9jEVJqmlEZovClCMdo0kwqM8kJZqPDcFEMnMrIkNsItEmvrIJwZ1/eZG0TmquU3NvT6v1yyKOEhxCBY7BhTOowzU0oAkEHuEZXuHNerJerHfrY9a6ZBUzB/AH1ucPJX+bvw==</latexit><latexit sha1_base64="oUMho8S9mR0M+485tXibnYc682A=">AAACC3icbVBNS8NAEJ34WetX1KOXpUXwVBIR9CIUvXizgv2AJpTNdtMu3U3i7kYoIXcv/hUvHhTx6h/w5r9x2+agrQ8GHu/NMDMvSDhT2nG+raXlldW19dJGeXNre2fX3ttvqTiVhDZJzGPZCbCinEW0qZnmtJNIikXAaTsYXU389gOVisXRnR4n1Bd4ELGQEayN1LMrsudceOpe6swLJSaZNwywzDNPpN6NoAOc5z276tScKdAicQtShQKNnv3l9WOSChppwrFSXddJtJ9hqRnhNC97qaIJJiM8oF1DIyyo8rPpLzk6MkofhbE0FWk0VX9PZFgoNRaB6RRYD9W8NxH/87qpDs/9jEVJqmlEZovClCMdo0kwqM8kJZqPDcFEMnMrIkNsItEmvrIJwZ1/eZG0TmquU3NvT6v1yyKOEhxCBY7BhTOowzU0oAkEHuEZXuHNerJerHfrY9a6ZBUzB/AH1ucPJX+bvw==</latexit><latexit sha1_base64="oUMho8S9mR0M+485tXibnYc682A=">AAACC3icbVBNS8NAEJ34WetX1KOXpUXwVBIR9CIUvXizgv2AJpTNdtMu3U3i7kYoIXcv/hUvHhTx6h/w5r9x2+agrQ8GHu/NMDMvSDhT2nG+raXlldW19dJGeXNre2fX3ttvqTiVhDZJzGPZCbCinEW0qZnmtJNIikXAaTsYXU389gOVisXRnR4n1Bd4ELGQEayN1LMrsudceOpe6swLJSaZNwywzDNPpN6NoAOc5z276tScKdAicQtShQKNnv3l9WOSChppwrFSXddJtJ9hqRnhNC97qaIJJiM8oF1DIyyo8rPpLzk6MkofhbE0FWk0VX9PZFgoNRaB6RRYD9W8NxH/87qpDs/9jEVJqmlEZovClCMdo0kwqM8kJZqPDcFEMnMrIkNsItEmvrIJwZ1/eZG0TmquU3NvT6v1yyKOEhxCBY7BhTOowzU0oAkEHuEZXuHNerJerHfrY9a6ZBUzB/AH1ucPJX+bvw==</latexit><latexit sha1_base64="oUMho8S9mR0M+485tXibnYc682A=">AAACC3icbVBNS8NAEJ34WetX1KOXpUXwVBIR9CIUvXizgv2AJpTNdtMu3U3i7kYoIXcv/hUvHhTx6h/w5r9x2+agrQ8GHu/NMDMvSDhT2nG+raXlldW19dJGeXNre2fX3ttvqTiVhDZJzGPZCbCinEW0qZnmtJNIikXAaTsYXU389gOVisXRnR4n1Bd4ELGQEayN1LMrsudceOpe6swLJSaZNwywzDNPpN6NoAOc5z276tScKdAicQtShQKNnv3l9WOSChppwrFSXddJtJ9hqRnhNC97qaIJJiM8oF1DIyyo8rPpLzk6MkofhbE0FWk0VX9PZFgoNRaB6RRYD9W8NxH/87qpDs/9jEVJqmlEZovClCMdo0kwqM8kJZqPDcFEMnMrIkNsItEmvrIJwZ1/eZG0TmquU3NvT6v1yyKOEhxCBY7BhTOowzU0oAkEHuEZXuHNerJerHfrY9a6ZBUzB/AH1ucPJX+bvw==</latexit>

is the oscillator radius   

(N+ 2)
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d = b0 = 2r0
p

N+ 7/4
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V Sh =

⇢
V Nucl + V Coul, r  d

0, r > d
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Phase shift  δsh can be 
calculated within HORSE 
 
 

Matching with  
Coulomb  
asymptotic at r = b0 
 
Quasi- 
Wronskians 
 
 
 

jl (kr), nl (kr)
Fl (η,kr), Gl (η,kr)

η =
µZ1Z2e

2

k

Spherical Bessel and Neumann functions; 
 
Coulomb wave functions; 
 
Sommerfeld parameter. 

HORSE: charged particles 

tan �sh = �
SN,l �GNNT l

N,N+2SN+2,l

CN,l �GNNT l
N,N+2CN+2,l
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tan �l = � Wb0(jl, Fl)�Wb0(nl, Fl) tan �Sh
l

Wb0(jl, Gl)�Wb0(nl, Gl) tan �Sh
l
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Wb0(jl, Fl) =

✓
djl(kr)

dr
Fl(⌘, kr)� fl(kr)

dFl(⌘, kr)

dr

◆����
r=b0
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HORSE  requires  ALL  shell  model states: 
 
 
 
 
 
 

 
 
 
 
So it is impossible for modern large-scale calculation in NCSM! 
 

Single-State HORSE 

tan �`(E) = �
SN`(E)�GNN(E)T `

N,N+2SN+2,`(E)

CN`(E)�GNN(E)T `
N,N+2CN+2,`(E)

GNN 0(E) = �
N�1X

⌫=0

h⌫|N`i hN 0`|⌫i
E⌫ � E



Single-State HORSE 
A. M. Shirokov, A. I. Mazur,  I. A. Mazur and J. P. Vary,  
Phys. Rev. C 94, 064320 (2016);  Phys. Part. Nucl. 48, 84 (2017). 

 
But in the case 
 
        Now we get rid not only of the need to sum over a huge 
number of eigenstates but also from the shell model wave 
function component defining the desired channel.  
        Hence this equation can be used for scattering channels  
of any type. 

E = E⌫ tan �`(E⌫) = �SN+2,`(E⌫)

CN+2,`(E⌫)

By               variation, we get              in some energy interval! �`(E)
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N, ~⌦



In the case                 phase shift 
 
 
 
also depends only on the energy      . 

E = E⌫

Single-State HORSE: 
 charged particles. 

E⌫

tan �l(E⌫) = � Wb0(nl, Fl)SN+2,l(E⌫) +Wb0(jl, Fl)CN+2,l(E⌫)

Wb0(nl, Gl)SN+2,l(E⌫) +Wb0(jl, Gl)CN+2,l(E⌫)
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Here we use the K-parametrization 

Neutral particles (             ) 
 
Coulomb-modified effective radius function 
 
 
 
 
  
 

H (η) =Ψ(iη)+ (2iη)−1 − ln(iη)

⌘ = 0
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<latexit sha1_base64="uUrqWMN0c0pxN/2b/GLAw/ZK3pM="></latexit><latexit sha1_base64="uUrqWMN0c0pxN/2b/GLAw/ZK3pM="></latexit><latexit sha1_base64="uUrqWMN0c0pxN/2b/GLAw/ZK3pM="></latexit><latexit sha1_base64="uUrqWMN0c0pxN/2b/GLAw/ZK3pM="></latexit>

Parametrization of the  
K-matrix by means of a 
Padé-approximant 

Low-energy phase shift parametrization 
An important feature of the Single-State HORSE method  
is the correct description a phase shift in the low-energy region. 
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l (E) = k2l+1

cot �l(E
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0 )



Fitting procedure 
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1
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(i) −ε (i)( )

2

i=1

d

∑
The final values for  
are determined by minimizing 
the functional 

w0, w1, w2, v1
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"(i)0
<latexit sha1_base64="QG+RnmdCXKV5bXuvF9j11ZMYoPE=">AAAB/HicbVDLSgNBEOz1GeNrNUcvg0GIl7Argh6DXjxGMA9I1jA76SRDZh/MzAaWJf6KFw+KePVDvPk3TpI9aGJBQ01VN9Ndfiy40o7zba2tb2xubRd2irt7+weH9tFxU0WJZNhgkYhk26cKBQ+xobkW2I4l0sAX2PLHtzO/NUGpeBQ+6DRGL6DDkA84o9pIPbvUnVCJseLCvJzHrMLPpz277FSdOcgqcXNShhz1nv3V7UcsCTDUTFClOq4Tay+jUnMmcFrsJgpjysZ0iB1DQxqg8rL58lNyZpQ+GUTSVKjJXP09kdFAqTTwTWdA9UgtezPxP6+T6MG1l/EwTjSGbPHRIBFER2SWBOlziUyL1BDKJDe7EjaikjJt8iqaENzlk1dJ86LqOlX3/rJcu8njKMAJnEIFXLiCGtxBHRrAIIVneIU368l6sd6tj0XrmpXPlOAPrM8fgTSUpw==</latexit><latexit sha1_base64="QG+RnmdCXKV5bXuvF9j11ZMYoPE=">AAAB/HicbVDLSgNBEOz1GeNrNUcvg0GIl7Argh6DXjxGMA9I1jA76SRDZh/MzAaWJf6KFw+KePVDvPk3TpI9aGJBQ01VN9Ndfiy40o7zba2tb2xubRd2irt7+weH9tFxU0WJZNhgkYhk26cKBQ+xobkW2I4l0sAX2PLHtzO/NUGpeBQ+6DRGL6DDkA84o9pIPbvUnVCJseLCvJzHrMLPpz277FSdOcgqcXNShhz1nv3V7UcsCTDUTFClOq4Tay+jUnMmcFrsJgpjysZ0iB1DQxqg8rL58lNyZpQ+GUTSVKjJXP09kdFAqTTwTWdA9UgtezPxP6+T6MG1l/EwTjSGbPHRIBFER2SWBOlziUyL1BDKJDe7EjaikjJt8iqaENzlk1dJ86LqOlX3/rJcu8njKMAJnEIFXLiCGtxBHRrAIIVneIU368l6sd6tj0XrmpXPlOAPrM8fgTSUpw==</latexit><latexit sha1_base64="QG+RnmdCXKV5bXuvF9j11ZMYoPE=">AAAB/HicbVDLSgNBEOz1GeNrNUcvg0GIl7Argh6DXjxGMA9I1jA76SRDZh/MzAaWJf6KFw+KePVDvPk3TpI9aGJBQ01VN9Ndfiy40o7zba2tb2xubRd2irt7+weH9tFxU0WJZNhgkYhk26cKBQ+xobkW2I4l0sAX2PLHtzO/NUGpeBQ+6DRGL6DDkA84o9pIPbvUnVCJseLCvJzHrMLPpz277FSdOcgqcXNShhz1nv3V7UcsCTDUTFClOq4Tay+jUnMmcFrsJgpjysZ0iB1DQxqg8rL58lNyZpQ+GUTSVKjJXP09kdFAqTTwTWdA9UgtezPxP6+T6MG1l/EwTjSGbPHRIBFER2SWBOlziUyL1BDKJDe7EjaikjJt8iqaENzlk1dJ86LqOlX3/rJcu8njKMAJnEIFXLiCGtxBHRrAIIVneIU368l6sd6tj0XrmpXPlOAPrM8fgTSUpw==</latexit><latexit sha1_base64="QG+RnmdCXKV5bXuvF9j11ZMYoPE=">AAAB/HicbVDLSgNBEOz1GeNrNUcvg0GIl7Argh6DXjxGMA9I1jA76SRDZh/MzAaWJf6KFw+KePVDvPk3TpI9aGJBQ01VN9Ndfiy40o7zba2tb2xubRd2irt7+weH9tFxU0WJZNhgkYhk26cKBQ+xobkW2I4l0sAX2PLHtzO/NUGpeBQ+6DRGL6DDkA84o9pIPbvUnVCJseLCvJzHrMLPpz277FSdOcgqcXNShhz1nv3V7UcsCTDUTFClOq4Tay+jUnMmcFrsJgpjysZ0iB1DQxqg8rL58lNyZpQ+GUTSVKjJXP09kdFAqTTwTWdA9UgtezPxP6+T6MG1l/EwTjSGbPHRIBFER2SWBOlziUyL1BDKJDe7EjaikjJt8iqaENzlk1dJ86LqOlX3/rJcu8njKMAJnEIFXLiCGtxBHRrAIIVneIU368l6sd6tj0XrmpXPlOAPrM8fgTSUpw==</latexit>



Resonance energy and width 
The renormalized  
Coulomb-nuclear  
scattering amplitude:  

fl =
k2l

Kl(k2)� 2⌘k2l+1H(⌘) (cl⌘)
�1

<latexit sha1_base64="l47jlRuAmgxxToE4gqI3IU180mU="></latexit><latexit sha1_base64="l47jlRuAmgxxToE4gqI3IU180mU="></latexit><latexit sha1_base64="l47jlRuAmgxxToE4gqI3IU180mU="></latexit><latexit sha1_base64="l47jlRuAmgxxToE4gqI3IU180mU="></latexit>

We obtain resonance energies        and widths        by a 
numerical location of the S -matrix poles which coincide with the 
poles of scattering amplitude, that is by solving the equation 

 
 
 

�
<latexit sha1_base64="xXeP4fWvUDKmvgl18vZjV9Y7J+c=">AAAB7XicbVDLSgNBEOz1GeMr6tHLYhA8hV0R9Bj0oMcI5gHJEnons8mYeSwzs0II+QcvHhTx6v9482+cJHvQxIKGoqqb7q445czYIPj2VlbX1jc2C1vF7Z3dvf3SwWHDqEwTWieKK92K0VDOJK1bZjltpZqiiDltxsObqd98otowJR/sKKWRwL5kCSNondTo3KIQ2C2Vg0owg79MwpyUIUetW/rq9BTJBJWWcDSmHQapjcaoLSOcToqdzNAUyRD7tO2oREFNNJ5dO/FPndLzE6VdSevP1N8TYxTGjETsOgXagVn0puJ/XjuzyVU0ZjLNLJVkvijJuG+VP33d7zFNieUjR5Bo5m71yQA1EusCKroQwsWXl0njvBIGlfD+oly9zuMowDGcwBmEcAlVuIMa1IHAIzzDK7x5ynvx3r2PeeuKl88cwR94nz9V6471</latexit><latexit sha1_base64="xXeP4fWvUDKmvgl18vZjV9Y7J+c=">AAAB7XicbVDLSgNBEOz1GeMr6tHLYhA8hV0R9Bj0oMcI5gHJEnons8mYeSwzs0II+QcvHhTx6v9482+cJHvQxIKGoqqb7q445czYIPj2VlbX1jc2C1vF7Z3dvf3SwWHDqEwTWieKK92K0VDOJK1bZjltpZqiiDltxsObqd98otowJR/sKKWRwL5kCSNondTo3KIQ2C2Vg0owg79MwpyUIUetW/rq9BTJBJWWcDSmHQapjcaoLSOcToqdzNAUyRD7tO2oREFNNJ5dO/FPndLzE6VdSevP1N8TYxTGjETsOgXagVn0puJ/XjuzyVU0ZjLNLJVkvijJuG+VP33d7zFNieUjR5Bo5m71yQA1EusCKroQwsWXl0njvBIGlfD+oly9zuMowDGcwBmEcAlVuIMa1IHAIzzDK7x5ynvx3r2PeeuKl88cwR94nz9V6471</latexit><latexit sha1_base64="xXeP4fWvUDKmvgl18vZjV9Y7J+c=">AAAB7XicbVDLSgNBEOz1GeMr6tHLYhA8hV0R9Bj0oMcI5gHJEnons8mYeSwzs0II+QcvHhTx6v9482+cJHvQxIKGoqqb7q445czYIPj2VlbX1jc2C1vF7Z3dvf3SwWHDqEwTWieKK92K0VDOJK1bZjltpZqiiDltxsObqd98otowJR/sKKWRwL5kCSNondTo3KIQ2C2Vg0owg79MwpyUIUetW/rq9BTJBJWWcDSmHQapjcaoLSOcToqdzNAUyRD7tO2oREFNNJ5dO/FPndLzE6VdSevP1N8TYxTGjETsOgXagVn0puJ/XjuzyVU0ZjLNLJVkvijJuG+VP33d7zFNieUjR5Bo5m71yQA1EusCKroQwsWXl0njvBIGlfD+oly9zuMowDGcwBmEcAlVuIMa1IHAIzzDK7x5ynvx3r2PeeuKl88cwR94nz9V6471</latexit><latexit sha1_base64="xXeP4fWvUDKmvgl18vZjV9Y7J+c=">AAAB7XicbVDLSgNBEOz1GeMr6tHLYhA8hV0R9Bj0oMcI5gHJEnons8mYeSwzs0II+QcvHhTx6v9482+cJHvQxIKGoqqb7q445czYIPj2VlbX1jc2C1vF7Z3dvf3SwWHDqEwTWieKK92K0VDOJK1bZjltpZqiiDltxsObqd98otowJR/sKKWRwL5kCSNondTo3KIQ2C2Vg0owg79MwpyUIUetW/rq9BTJBJWWcDSmHQapjcaoLSOcToqdzNAUyRD7tO2oREFNNJ5dO/FPndLzE6VdSevP1N8TYxTGjETsOgXagVn0puJ/XjuzyVU0ZjLNLJVkvijJuG+VP33d7zFNieUjR5Bo5m71yQA1EusCKroQwsWXl0njvBIGlfD+oly9zuMowDGcwBmEcAlVuIMa1IHAIzzDK7x5ynvx3r2PeeuKl88cwR94nz9V6471</latexit>

Er
<latexit sha1_base64="RrlPbsH0IxPY8ekHZq1i4pBrwWs=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiCB4r2g9oQ9lsJ+3SzSbsboQS+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8IBFcG9f9dgpr6xubW8Xt0s7u3v5B+fCopeNUMWyyWMSqE1CNgktsGm4EdhKFNAoEtoPxzcxvP6HSPJaPZpKgH9Gh5CFn1Fjp4bav+uWKW3XnIKvEy0kFcjT65a/eIGZphNIwQbXuem5i/Iwqw5nAaamXakwoG9Mhdi2VNELtZ/NTp+TMKgMSxsqWNGSu/p7IaKT1JApsZ0TNSC97M/E/r5ua8MrPuExSg5ItFoWpICYms7/JgCtkRkwsoUxxeythI6ooMzadkg3BW355lbQuqp5b9e4vK/XrPI4inMApnIMHNajDHTSgCQyG8Ayv8OYI58V5dz4WrQUnnzmGP3A+fwAggo2u</latexit><latexit sha1_base64="RrlPbsH0IxPY8ekHZq1i4pBrwWs=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiCB4r2g9oQ9lsJ+3SzSbsboQS+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8IBFcG9f9dgpr6xubW8Xt0s7u3v5B+fCopeNUMWyyWMSqE1CNgktsGm4EdhKFNAoEtoPxzcxvP6HSPJaPZpKgH9Gh5CFn1Fjp4bav+uWKW3XnIKvEy0kFcjT65a/eIGZphNIwQbXuem5i/Iwqw5nAaamXakwoG9Mhdi2VNELtZ/NTp+TMKgMSxsqWNGSu/p7IaKT1JApsZ0TNSC97M/E/r5ua8MrPuExSg5ItFoWpICYms7/JgCtkRkwsoUxxeythI6ooMzadkg3BW355lbQuqp5b9e4vK/XrPI4inMApnIMHNajDHTSgCQyG8Ayv8OYI58V5dz4WrQUnnzmGP3A+fwAggo2u</latexit><latexit sha1_base64="RrlPbsH0IxPY8ekHZq1i4pBrwWs=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiCB4r2g9oQ9lsJ+3SzSbsboQS+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8IBFcG9f9dgpr6xubW8Xt0s7u3v5B+fCopeNUMWyyWMSqE1CNgktsGm4EdhKFNAoEtoPxzcxvP6HSPJaPZpKgH9Gh5CFn1Fjp4bav+uWKW3XnIKvEy0kFcjT65a/eIGZphNIwQbXuem5i/Iwqw5nAaamXakwoG9Mhdi2VNELtZ/NTp+TMKgMSxsqWNGSu/p7IaKT1JApsZ0TNSC97M/E/r5ua8MrPuExSg5ItFoWpICYms7/JgCtkRkwsoUxxeythI6ooMzadkg3BW355lbQuqp5b9e4vK/XrPI4inMApnIMHNajDHTSgCQyG8Ayv8OYI58V5dz4WrQUnnzmGP3A+fwAggo2u</latexit><latexit sha1_base64="RrlPbsH0IxPY8ekHZq1i4pBrwWs=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiCB4r2g9oQ9lsJ+3SzSbsboQS+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8IBFcG9f9dgpr6xubW8Xt0s7u3v5B+fCopeNUMWyyWMSqE1CNgktsGm4EdhKFNAoEtoPxzcxvP6HSPJaPZpKgH9Gh5CFn1Fjp4bav+uWKW3XnIKvEy0kFcjT65a/eIGZphNIwQbXuem5i/Iwqw5nAaamXakwoG9Mhdi2VNELtZ/NTp+TMKgMSxsqWNGSu/p7IaKT1JApsZ0TNSC97M/E/r5ua8MrPuExSg5ItFoWpICYms7/JgCtkRkwsoUxxeythI6ooMzadkg3BW355lbQuqp5b9e4vK/XrPI4inMApnIMHNajDHTSgCQyG8Ayv8OYI58V5dz4WrQUnnzmGP3A+fwAggo2u</latexit>

Kl(k
2)� 2⌘k2l+1H(⌘) (cl⌘)

�1 = 0
<latexit sha1_base64="+ZqygK6llIGZPo6jtMtUuMYR03I="></latexit><latexit sha1_base64="+ZqygK6llIGZPo6jtMtUuMYR03I="></latexit><latexit sha1_base64="+ZqygK6llIGZPo6jtMtUuMYR03I="></latexit><latexit sha1_base64="+ZqygK6llIGZPo6jtMtUuMYR03I="></latexit>

Er = Re(Ep), �/2 = Im(Ep)
<latexit sha1_base64="SjsthEr24QWJcWcPiSrhuSRODPk=">AAACDnicbZDLSsNAFIYn9VbrLerSzWApVJCaFEE3QlGKuqtiL9CEMJlO2qEzSZiZCCX0Cdz4Km5cKOLWtTvfxmmbhVZ/GPj5zjmcOb8fMyqVZX0ZuYXFpeWV/GphbX1jc8vc3mnJKBGYNHHEItHxkSSMhqSpqGKkEwuCuM9I2x9eTOrteyIkjcI7NYqJy1E/pAHFSGnkmaW6J+AZvCWwXPfig0PoQOcScY6Oqhpf8xn2zKJVsaaCf42dmSLI1PDMT6cX4YSTUGGGpOzaVqzcFAlFMSPjgpNIEiM8RH3S1TZEnEg3nZ4zhiVNejCIhH6hglP6cyJFXMoR93UnR2og52sT+F+tm6jg1E1pGCeKhHi2KEgYVBGcZAN7VBCs2EgbhAXVf4V4gATCSidY0CHY8yf/Na1qxbYq9s1xsXaexZEHe2AflIENTkANXIEGaAIMHsATeAGvxqPxbLwZ77PWnJHN7IJfMj6+AaLjmAw=</latexit><latexit sha1_base64="SjsthEr24QWJcWcPiSrhuSRODPk=">AAACDnicbZDLSsNAFIYn9VbrLerSzWApVJCaFEE3QlGKuqtiL9CEMJlO2qEzSZiZCCX0Cdz4Km5cKOLWtTvfxmmbhVZ/GPj5zjmcOb8fMyqVZX0ZuYXFpeWV/GphbX1jc8vc3mnJKBGYNHHEItHxkSSMhqSpqGKkEwuCuM9I2x9eTOrteyIkjcI7NYqJy1E/pAHFSGnkmaW6J+AZvCWwXPfig0PoQOcScY6Oqhpf8xn2zKJVsaaCf42dmSLI1PDMT6cX4YSTUGGGpOzaVqzcFAlFMSPjgpNIEiM8RH3S1TZEnEg3nZ4zhiVNejCIhH6hglP6cyJFXMoR93UnR2og52sT+F+tm6jg1E1pGCeKhHi2KEgYVBGcZAN7VBCs2EgbhAXVf4V4gATCSidY0CHY8yf/Na1qxbYq9s1xsXaexZEHe2AflIENTkANXIEGaAIMHsATeAGvxqPxbLwZ77PWnJHN7IJfMj6+AaLjmAw=</latexit><latexit sha1_base64="SjsthEr24QWJcWcPiSrhuSRODPk=">AAACDnicbZDLSsNAFIYn9VbrLerSzWApVJCaFEE3QlGKuqtiL9CEMJlO2qEzSZiZCCX0Cdz4Km5cKOLWtTvfxmmbhVZ/GPj5zjmcOb8fMyqVZX0ZuYXFpeWV/GphbX1jc8vc3mnJKBGYNHHEItHxkSSMhqSpqGKkEwuCuM9I2x9eTOrteyIkjcI7NYqJy1E/pAHFSGnkmaW6J+AZvCWwXPfig0PoQOcScY6Oqhpf8xn2zKJVsaaCf42dmSLI1PDMT6cX4YSTUGGGpOzaVqzcFAlFMSPjgpNIEiM8RH3S1TZEnEg3nZ4zhiVNejCIhH6hglP6cyJFXMoR93UnR2og52sT+F+tm6jg1E1pGCeKhHi2KEgYVBGcZAN7VBCs2EgbhAXVf4V4gATCSidY0CHY8yf/Na1qxbYq9s1xsXaexZEHe2AflIENTkANXIEGaAIMHsATeAGvxqPxbLwZ77PWnJHN7IJfMj6+AaLjmAw=</latexit><latexit sha1_base64="SjsthEr24QWJcWcPiSrhuSRODPk=">AAACDnicbZDLSsNAFIYn9VbrLerSzWApVJCaFEE3QlGKuqtiL9CEMJlO2qEzSZiZCCX0Cdz4Km5cKOLWtTvfxmmbhVZ/GPj5zjmcOb8fMyqVZX0ZuYXFpeWV/GphbX1jc8vc3mnJKBGYNHHEItHxkSSMhqSpqGKkEwuCuM9I2x9eTOrteyIkjcI7NYqJy1E/pAHFSGnkmaW6J+AZvCWwXPfig0PoQOcScY6Oqhpf8xn2zKJVsaaCf42dmSLI1PDMT6cX4YSTUGGGpOzaVqzcFAlFMSPjgpNIEiM8RH3S1TZEnEg3nZ4zhiVNejCIhH6hglP6cyJFXMoR93UnR2og52sT+F+tm6jg1E1pGCeKhHi2KEgYVBGcZAN7VBCs2EgbhAXVf4V4gATCSidY0CHY8yf/Na1qxbYq9s1xsXaexZEHe2AflIENTkANXIEGaAIMHsATeAGvxqPxbLwZ77PWnJHN7IJfMj6+AaLjmAw=</latexit>

Neutral 
particles  Kl(k

2)� i k2l+1 = 0
<latexit sha1_base64="nF7gWihFSWTiU8lIx8CJZXHKwDg=">AAAB/3icbVDLSsNAFJ3UV62vqODGzWARKmpJiqAboehGcFPBPqBNw2Q6aYdMJmFmIpTYhb/ixoUibv0Nd/6N0zYLbT1w4XDOvdx7jxczKpVlfRu5hcWl5ZX8amFtfWNzy9zeacgoEZjUccQi0fKQJIxyUldUMdKKBUGhx0jTC67HfvOBCEkjfq+GMXFC1OfUpxgpLbnm3q3LSkG3cnRKOydBN62wY3t0ablm0SpbE8B5YmekCDLUXPOr04twEhKuMENStm0rVk6KhKKYkVGhk0gSIxygPmlrylFIpJNO7h/BQ630oB8JXVzBifp7IkWhlMPQ050hUgM5643F/7x2ovwLJ6U8ThTheLrITxhUERyHAXtUEKzYUBOEBdW3QjxAAmGlIyvoEOzZl+dJo1K2rbJ9d1asXmVx5ME+OAAlYINzUAU3oAbqAINH8AxewZvxZLwY78bHtDVnZDO74A+Mzx8P7pQv</latexit><latexit sha1_base64="nF7gWihFSWTiU8lIx8CJZXHKwDg=">AAAB/3icbVDLSsNAFJ3UV62vqODGzWARKmpJiqAboehGcFPBPqBNw2Q6aYdMJmFmIpTYhb/ixoUibv0Nd/6N0zYLbT1w4XDOvdx7jxczKpVlfRu5hcWl5ZX8amFtfWNzy9zeacgoEZjUccQi0fKQJIxyUldUMdKKBUGhx0jTC67HfvOBCEkjfq+GMXFC1OfUpxgpLbnm3q3LSkG3cnRKOydBN62wY3t0ablm0SpbE8B5YmekCDLUXPOr04twEhKuMENStm0rVk6KhKKYkVGhk0gSIxygPmlrylFIpJNO7h/BQ630oB8JXVzBifp7IkWhlMPQ050hUgM5643F/7x2ovwLJ6U8ThTheLrITxhUERyHAXtUEKzYUBOEBdW3QjxAAmGlIyvoEOzZl+dJo1K2rbJ9d1asXmVx5ME+OAAlYINzUAU3oAbqAINH8AxewZvxZLwY78bHtDVnZDO74A+Mzx8P7pQv</latexit><latexit sha1_base64="nF7gWihFSWTiU8lIx8CJZXHKwDg=">AAAB/3icbVDLSsNAFJ3UV62vqODGzWARKmpJiqAboehGcFPBPqBNw2Q6aYdMJmFmIpTYhb/ixoUibv0Nd/6N0zYLbT1w4XDOvdx7jxczKpVlfRu5hcWl5ZX8amFtfWNzy9zeacgoEZjUccQi0fKQJIxyUldUMdKKBUGhx0jTC67HfvOBCEkjfq+GMXFC1OfUpxgpLbnm3q3LSkG3cnRKOydBN62wY3t0ablm0SpbE8B5YmekCDLUXPOr04twEhKuMENStm0rVk6KhKKYkVGhk0gSIxygPmlrylFIpJNO7h/BQ630oB8JXVzBifp7IkWhlMPQ050hUgM5643F/7x2ovwLJ6U8ThTheLrITxhUERyHAXtUEKzYUBOEBdW3QjxAAmGlIyvoEOzZl+dJo1K2rbJ9d1asXmVx5ME+OAAlYINzUAU3oAbqAINH8AxewZvxZLwY78bHtDVnZDO74A+Mzx8P7pQv</latexit><latexit sha1_base64="nF7gWihFSWTiU8lIx8CJZXHKwDg=">AAAB/3icbVDLSsNAFJ3UV62vqODGzWARKmpJiqAboehGcFPBPqBNw2Q6aYdMJmFmIpTYhb/ixoUibv0Nd/6N0zYLbT1w4XDOvdx7jxczKpVlfRu5hcWl5ZX8amFtfWNzy9zeacgoEZjUccQi0fKQJIxyUldUMdKKBUGhx0jTC67HfvOBCEkjfq+GMXFC1OfUpxgpLbnm3q3LSkG3cnRKOydBN62wY3t0ablm0SpbE8B5YmekCDLUXPOr04twEhKuMENStm0rVk6KhKKYkVGhk0gSIxygPmlrylFIpJNO7h/BQ630oB8JXVzBifp7IkWhlMPQ050hUgM5643F/7x2ovwLJ6U8ThTheLrITxhUERyHAXtUEKzYUBOEBdW3QjxAAmGlIyvoEOzZl+dJo1K2rbJ9d1asXmVx5ME+OAAlYINzUAU3oAbqAINH8AxewZvxZLwY78bHtDVnZDO74A+Mzx8P7pQv</latexit>
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NCSM Single-State HORSE method: 
how it works 
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<latexit sha1_base64="L0ntvCbTl+Kkfz0O+VKa6SWTGJU=">AAAB/XicbVDLSsNAFL2pr1pf8bFzEyxC3ZREBF0WRXBnBfuAJpTJdNIOnZmEmYlQQ/FX3LhQxK3/4c6/cdpmoa0HLhzOuZd77wkTRpV23W+rsLS8srpWXC9tbG5t79i7e00VpxKTBo5ZLNshUoRRQRqaakbaiSSIh4y0wuHVxG89EKloLO71KCEBR31BI4qRNlLXPrjuZr5IxxV/ECLp33LSRyddu+xW3SmcReLlpAw56l37y+/FOOVEaMyQUh3PTXSQIakpZmRc8lNFEoSHqE86hgrEiQqy6fVj59goPSeKpSmhnan6eyJDXKkRD00nR3qg5r2J+J/XSXV0EWRUJKkmAs8WRSlzdOxMonB6VBKs2cgQhCU1tzp4gCTC2gRWMiF48y8vkuZp1XOr3t1ZuXaZx1GEQziCCnhwDjW4gTo0AMMjPMMrvFlP1ov1bn3MWgtWPrMPf2B9/gDsj5Td</latexit><latexit sha1_base64="L0ntvCbTl+Kkfz0O+VKa6SWTGJU=">AAAB/XicbVDLSsNAFL2pr1pf8bFzEyxC3ZREBF0WRXBnBfuAJpTJdNIOnZmEmYlQQ/FX3LhQxK3/4c6/cdpmoa0HLhzOuZd77wkTRpV23W+rsLS8srpWXC9tbG5t79i7e00VpxKTBo5ZLNshUoRRQRqaakbaiSSIh4y0wuHVxG89EKloLO71KCEBR31BI4qRNlLXPrjuZr5IxxV/ECLp33LSRyddu+xW3SmcReLlpAw56l37y+/FOOVEaMyQUh3PTXSQIakpZmRc8lNFEoSHqE86hgrEiQqy6fVj59goPSeKpSmhnan6eyJDXKkRD00nR3qg5r2J+J/XSXV0EWRUJKkmAs8WRSlzdOxMonB6VBKs2cgQhCU1tzp4gCTC2gRWMiF48y8vkuZp1XOr3t1ZuXaZx1GEQziCCnhwDjW4gTo0AMMjPMMrvFlP1ov1bn3MWgtWPrMPf2B9/gDsj5Td</latexit><latexit sha1_base64="L0ntvCbTl+Kkfz0O+VKa6SWTGJU=">AAAB/XicbVDLSsNAFL2pr1pf8bFzEyxC3ZREBF0WRXBnBfuAJpTJdNIOnZmEmYlQQ/FX3LhQxK3/4c6/cdpmoa0HLhzOuZd77wkTRpV23W+rsLS8srpWXC9tbG5t79i7e00VpxKTBo5ZLNshUoRRQRqaakbaiSSIh4y0wuHVxG89EKloLO71KCEBR31BI4qRNlLXPrjuZr5IxxV/ECLp33LSRyddu+xW3SmcReLlpAw56l37y+/FOOVEaMyQUh3PTXSQIakpZmRc8lNFEoSHqE86hgrEiQqy6fVj59goPSeKpSmhnan6eyJDXKkRD00nR3qg5r2J+J/XSXV0EWRUJKkmAs8WRSlzdOxMonB6VBKs2cgQhCU1tzp4gCTC2gRWMiF48y8vkuZp1XOr3t1ZuXaZx1GEQziCCnhwDjW4gTo0AMMjPMMrvFlP1ov1bn3MWgtWPrMPf2B9/gDsj5Td</latexit><latexit sha1_base64="L0ntvCbTl+Kkfz0O+VKa6SWTGJU=">AAAB/XicbVDLSsNAFL2pr1pf8bFzEyxC3ZREBF0WRXBnBfuAJpTJdNIOnZmEmYlQQ/FX3LhQxK3/4c6/cdpmoa0HLhzOuZd77wkTRpV23W+rsLS8srpWXC9tbG5t79i7e00VpxKTBo5ZLNshUoRRQRqaakbaiSSIh4y0wuHVxG89EKloLO71KCEBR31BI4qRNlLXPrjuZr5IxxV/ECLp33LSRyddu+xW3SmcReLlpAw56l37y+/FOOVEaMyQUh3PTXSQIakpZmRc8lNFEoSHqE86hgrEiQqy6fVj59goPSeKpSmhnan6eyJDXKkRD00nR3qg5r2J+J/XSXV0EWRUJKkmAs8WRSlzdOxMonB6VBKs2cgQhCU1tzp4gCTC2gRWMiF48y8vkuZp1XOr3t1ZuXaZx1GEQziCCnhwDjW4gTo0AMMjPMMrvFlP1ov1bn3MWgtWPrMPf2B9/gDsj5Td</latexit>
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NCSM Single-State HORSE method 
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<latexit sha1_base64="S3LqRtlWJgVxFYaO9a9a/p/eE3o=">AAACAXicbZDLSgMxFIYz9VbrbdSN4CbYCoJQZrrRjVB046pUsBdohyGTZtrQJDMkGbEM48ZXceNCEbe+hTvfxrSdhVZ/CHz85xxyzh/EjCrtOF9WYWl5ZXWtuF7a2Nza3rF399oqSiQmLRyxSHYDpAijgrQ01Yx0Y0kQDxjpBOOrab1zR6SikbjVk5h4HA0FDSlG2li+fVBp+ClH99lpw3cu+hzpURCkjazi22Wn6swE/4KbQxnkavr2Z38Q4YQToTFDSvVcJ9ZeiqSmmJGs1E8UiREeoyHpGRSIE+WlswsyeGycAQwjaZ7QcOb+nEgRV2rCA9M5XVEt1qbmf7VeosNzL6UiTjQReP5RmDCoIziNAw6oJFiziQGEJTW7QjxCEmFtQiuZENzFk/9Cu1Z1Dd/UyvXLPI4iOARH4AS44AzUwTVoghbA4AE8gRfwaj1az9ab9T5vLVj5zD74JevjG0qsliE=</latexit><latexit sha1_base64="S3LqRtlWJgVxFYaO9a9a/p/eE3o=">AAACAXicbZDLSgMxFIYz9VbrbdSN4CbYCoJQZrrRjVB046pUsBdohyGTZtrQJDMkGbEM48ZXceNCEbe+hTvfxrSdhVZ/CHz85xxyzh/EjCrtOF9WYWl5ZXWtuF7a2Nza3rF399oqSiQmLRyxSHYDpAijgrQ01Yx0Y0kQDxjpBOOrab1zR6SikbjVk5h4HA0FDSlG2li+fVBp+ClH99lpw3cu+hzpURCkjazi22Wn6swE/4KbQxnkavr2Z38Q4YQToTFDSvVcJ9ZeiqSmmJGs1E8UiREeoyHpGRSIE+WlswsyeGycAQwjaZ7QcOb+nEgRV2rCA9M5XVEt1qbmf7VeosNzL6UiTjQReP5RmDCoIziNAw6oJFiziQGEJTW7QjxCEmFtQiuZENzFk/9Cu1Z1Dd/UyvXLPI4iOARH4AS44AzUwTVoghbA4AE8gRfwaj1az9ab9T5vLVj5zD74JevjG0qsliE=</latexit><latexit sha1_base64="S3LqRtlWJgVxFYaO9a9a/p/eE3o=">AAACAXicbZDLSgMxFIYz9VbrbdSN4CbYCoJQZrrRjVB046pUsBdohyGTZtrQJDMkGbEM48ZXceNCEbe+hTvfxrSdhVZ/CHz85xxyzh/EjCrtOF9WYWl5ZXWtuF7a2Nza3rF399oqSiQmLRyxSHYDpAijgrQ01Yx0Y0kQDxjpBOOrab1zR6SikbjVk5h4HA0FDSlG2li+fVBp+ClH99lpw3cu+hzpURCkjazi22Wn6swE/4KbQxnkavr2Z38Q4YQToTFDSvVcJ9ZeiqSmmJGs1E8UiREeoyHpGRSIE+WlswsyeGycAQwjaZ7QcOb+nEgRV2rCA9M5XVEt1qbmf7VeosNzL6UiTjQReP5RmDCoIziNAw6oJFiziQGEJTW7QjxCEmFtQiuZENzFk/9Cu1Z1Dd/UyvXLPI4iOARH4AS44AzUwTVoghbA4AE8gRfwaj1az9ab9T5vLVj5zD74JevjG0qsliE=</latexit><latexit sha1_base64="S3LqRtlWJgVxFYaO9a9a/p/eE3o=">AAACAXicbZDLSgMxFIYz9VbrbdSN4CbYCoJQZrrRjVB046pUsBdohyGTZtrQJDMkGbEM48ZXceNCEbe+hTvfxrSdhVZ/CHz85xxyzh/EjCrtOF9WYWl5ZXWtuF7a2Nza3rF399oqSiQmLRyxSHYDpAijgrQ01Yx0Y0kQDxjpBOOrab1zR6SikbjVk5h4HA0FDSlG2li+fVBp+ClH99lpw3cu+hzpURCkjazi22Wn6swE/4KbQxnkavr2Z38Q4YQToTFDSvVcJ9ZeiqSmmJGs1E8UiREeoyHpGRSIE+WlswsyeGycAQwjaZ7QcOb+nEgRV2rCA9M5XVEt1qbmf7VeosNzL6UiTjQReP5RmDCoIziNAw6oJFiziQGEJTW7QjxCEmFtQiuZENzFk/9Cu1Z1Dd/UyvXLPI4iOARH4AS44AzUwTVoghbA4AE8gRfwaj1az9ab9T5vLVj5zD74JevjG0qsliE=</latexit>

tan �l(E⌫) = � Wb0(nl, Fl)SN+2,l(E⌫) +Wb0(jl, Fl)CN+2,l(E⌫)

Wb0(nl, Gl)SN+2,l(E⌫) +Wb0(jl, Gl)CN+2,l(E⌫)
<latexit sha1_base64="ObcMKMUjfF2kc1KuH1uV4BIJUZ0="></latexit><latexit sha1_base64="vdk8mV92LnmMZ/gBBRAvE6i8cKc="></latexit><latexit sha1_base64="vdk8mV92LnmMZ/gBBRAvE6i8cKc="></latexit><latexit sha1_base64="m7rKvJPKq6RoxbsqxsAIxSzV7yA="></latexit>
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NCSM Single-State HORSE method 
5Li (3/2-) 

NCSM (JISP16) 
Single-State HORSE 

phase shifts 
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NCSM Single-State HORSE method 
5Li (3/2-) 

NCSM (JISP16) 
Single-State HORSE 

phase shifts 

+ the selection of the input data  
+  phase shift parametrization 
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1 + v1k2
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NCSM Single-State HORSE method 
5Li (3/2-) 

NCSM (JISP16) 
Single-State HORSE 

phase shifts 
+ the selection of the input data  
+  phase shift parametrization 
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Ep = Er - i Γ/2  Kl(k

2)� 2⌘k2l+1H(⌘) (cl⌘)
�1 = 0

<latexit sha1_base64="+ZqygK6llIGZPo6jtMtUuMYR03I="></latexit><latexit sha1_base64="+ZqygK6llIGZPo6jtMtUuMYR03I="></latexit><latexit sha1_base64="+ZqygK6llIGZPo6jtMtUuMYR03I="></latexit><latexit sha1_base64="+ZqygK6llIGZPo6jtMtUuMYR03I="></latexit>



Nα-scattering. Results. 
Within NCSM with interactions JISP16 and Daejeon16   
we  calculated: 

Ø   the lowest energy       of the nuclei 5He и 5Li  
 for states                               
 (in model spaces                     with                         )  

Ø  the lowest energy ground state of the nucleus 4He 

E0
<latexit sha1_base64="TPWND7kXPl//xdfWv0wpfRN6XUI=">AAAB+XicbZDLSsNAFIZP6q3WW9Slm8EiuCqJCLosiuCygr1AG8JketIOnVyYmRRK6Ju4caGIW9/EnW/jNM1CqwcGPv7/nDkzf5AKrrTjfFmVtfWNza3qdm1nd2//wD486qgkkwzbLBGJ7AVUoeAxtjXXAnupRBoFArvB5Hbhd6coFU/iRz1L0YvoKOYhZ1QbybftQXFHHogM5+TOd3y77jScoshfcEuoQ1kt3/4cDBOWRRhrJqhSfddJtZdTqTkTOK8NMoUpZRM6wr7BmEaovLzYOidnRhmSMJHmxJoU6s+JnEZKzaLAdEZUj9WqtxD/8/qZDq+9nMdppjFmy0VhJohOyCIGMuQSmRYzA5RJbt5K2JhKyrQJq2ZCcFe//Bc6Fw3X8MNlvXlTxlGFEziFc3DhCppwDy1oA4MpPMELvFq59Wy9We/L1opVzhzDr7I+vgEy0pNa</latexit><latexit sha1_base64="TPWND7kXPl//xdfWv0wpfRN6XUI=">AAAB+XicbZDLSsNAFIZP6q3WW9Slm8EiuCqJCLosiuCygr1AG8JketIOnVyYmRRK6Ju4caGIW9/EnW/jNM1CqwcGPv7/nDkzf5AKrrTjfFmVtfWNza3qdm1nd2//wD486qgkkwzbLBGJ7AVUoeAxtjXXAnupRBoFArvB5Hbhd6coFU/iRz1L0YvoKOYhZ1QbybftQXFHHogM5+TOd3y77jScoshfcEuoQ1kt3/4cDBOWRRhrJqhSfddJtZdTqTkTOK8NMoUpZRM6wr7BmEaovLzYOidnRhmSMJHmxJoU6s+JnEZKzaLAdEZUj9WqtxD/8/qZDq+9nMdppjFmy0VhJohOyCIGMuQSmRYzA5RJbt5K2JhKyrQJq2ZCcFe//Bc6Fw3X8MNlvXlTxlGFEziFc3DhCppwDy1oA4MpPMELvFq59Wy9We/L1opVzhzDr7I+vgEy0pNa</latexit><latexit sha1_base64="TPWND7kXPl//xdfWv0wpfRN6XUI=">AAAB+XicbZDLSsNAFIZP6q3WW9Slm8EiuCqJCLosiuCygr1AG8JketIOnVyYmRRK6Ju4caGIW9/EnW/jNM1CqwcGPv7/nDkzf5AKrrTjfFmVtfWNza3qdm1nd2//wD486qgkkwzbLBGJ7AVUoeAxtjXXAnupRBoFArvB5Hbhd6coFU/iRz1L0YvoKOYhZ1QbybftQXFHHogM5+TOd3y77jScoshfcEuoQ1kt3/4cDBOWRRhrJqhSfddJtZdTqTkTOK8NMoUpZRM6wr7BmEaovLzYOidnRhmSMJHmxJoU6s+JnEZKzaLAdEZUj9WqtxD/8/qZDq+9nMdppjFmy0VhJohOyCIGMuQSmRYzA5RJbt5K2JhKyrQJq2ZCcFe//Bc6Fw3X8MNlvXlTxlGFEziFc3DhCppwDy1oA4MpPMELvFq59Wy9We/L1opVzhzDr7I+vgEy0pNa</latexit><latexit sha1_base64="TPWND7kXPl//xdfWv0wpfRN6XUI=">AAAB+XicbZDLSsNAFIZP6q3WW9Slm8EiuCqJCLosiuCygr1AG8JketIOnVyYmRRK6Ju4caGIW9/EnW/jNM1CqwcGPv7/nDkzf5AKrrTjfFmVtfWNza3qdm1nd2//wD486qgkkwzbLBGJ7AVUoeAxtjXXAnupRBoFArvB5Hbhd6coFU/iRz1L0YvoKOYhZ1QbybftQXFHHogM5+TOd3y77jScoshfcEuoQ1kt3/4cDBOWRRhrJqhSfddJtZdTqTkTOK8NMoUpZRM6wr7BmEaovLzYOidnRhmSMJHmxJoU6s+JnEZKzaLAdEZUj9WqtxD/8/qZDq+9nMdppjFmy0VhJohOyCIGMuQSmRYzA5RJbt5K2JhKyrQJq2ZCcFe//Bc6Fw3X8MNlvXlTxlGFEziFc3DhCppwDy1oA4MpPMELvFq59Wy9We/L1opVzhzDr7I+vgEy0pNa</latexit>

3/2�, 1/2�, 1/2+
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N
max

 18
<latexit sha1_base64="aA2KZ3hT+56hJZEfDrlUajPhBZE=">AAACA3icbZDLSsNAFIYn9VbrLepON4NFcFUSEeyy6MaVVLAXaEOYTE/aoZOLMxOxhIAbX8WNC0Xc+hLufBunaRbaemDg4//PmTPzezFnUlnWt1FaWl5ZXSuvVzY2t7Z3zN29towSQaFFIx6JrkckcBZCSzHFoRsLIIHHoeONL6d+5x6EZFF4qyYxOAEZhsxnlCgtueZBP78j9XgCGb5204A8ZH0Od3bdNatWzcoLL4JdQBUV1XTNr/4gokkAoaKcSNmzrVg5KRGKUQ5ZpZ9IiAkdkyH0NIYkAOmk+f4MH2tlgP1I6BMqnKu/J1ISSDkJPN0ZEDWS895U/M/rJcqvOykL40RBSGeL/IRjFeFpIHjABFDFJxoIFUy/FdMREYQqHVtFh2DPf3kR2qc1W/PNWbVxUcRRRofoCJ0gG52jBrpCTdRCFD2iZ/SK3own48V4Nz5mrSWjmNlHf8r4/AE3J5fc</latexit><latexit sha1_base64="aA2KZ3hT+56hJZEfDrlUajPhBZE=">AAACA3icbZDLSsNAFIYn9VbrLepON4NFcFUSEeyy6MaVVLAXaEOYTE/aoZOLMxOxhIAbX8WNC0Xc+hLufBunaRbaemDg4//PmTPzezFnUlnWt1FaWl5ZXSuvVzY2t7Z3zN29towSQaFFIx6JrkckcBZCSzHFoRsLIIHHoeONL6d+5x6EZFF4qyYxOAEZhsxnlCgtueZBP78j9XgCGb5204A8ZH0Od3bdNatWzcoLL4JdQBUV1XTNr/4gokkAoaKcSNmzrVg5KRGKUQ5ZpZ9IiAkdkyH0NIYkAOmk+f4MH2tlgP1I6BMqnKu/J1ISSDkJPN0ZEDWS895U/M/rJcqvOykL40RBSGeL/IRjFeFpIHjABFDFJxoIFUy/FdMREYQqHVtFh2DPf3kR2qc1W/PNWbVxUcRRRofoCJ0gG52jBrpCTdRCFD2iZ/SK3own48V4Nz5mrSWjmNlHf8r4/AE3J5fc</latexit><latexit sha1_base64="aA2KZ3hT+56hJZEfDrlUajPhBZE=">AAACA3icbZDLSsNAFIYn9VbrLepON4NFcFUSEeyy6MaVVLAXaEOYTE/aoZOLMxOxhIAbX8WNC0Xc+hLufBunaRbaemDg4//PmTPzezFnUlnWt1FaWl5ZXSuvVzY2t7Z3zN29towSQaFFIx6JrkckcBZCSzHFoRsLIIHHoeONL6d+5x6EZFF4qyYxOAEZhsxnlCgtueZBP78j9XgCGb5204A8ZH0Od3bdNatWzcoLL4JdQBUV1XTNr/4gokkAoaKcSNmzrVg5KRGKUQ5ZpZ9IiAkdkyH0NIYkAOmk+f4MH2tlgP1I6BMqnKu/J1ISSDkJPN0ZEDWS895U/M/rJcqvOykL40RBSGeL/IRjFeFpIHjABFDFJxoIFUy/FdMREYQqHVtFh2DPf3kR2qc1W/PNWbVxUcRRRofoCJ0gG52jBrpCTdRCFD2iZ/SK3own48V4Nz5mrSWjmNlHf8r4/AE3J5fc</latexit><latexit sha1_base64="aA2KZ3hT+56hJZEfDrlUajPhBZE=">AAACA3icbZDLSsNAFIYn9VbrLepON4NFcFUSEeyy6MaVVLAXaEOYTE/aoZOLMxOxhIAbX8WNC0Xc+hLufBunaRbaemDg4//PmTPzezFnUlnWt1FaWl5ZXSuvVzY2t7Z3zN29towSQaFFIx6JrkckcBZCSzHFoRsLIIHHoeONL6d+5x6EZFF4qyYxOAEZhsxnlCgtueZBP78j9XgCGb5204A8ZH0Od3bdNatWzcoLL4JdQBUV1XTNr/4gokkAoaKcSNmzrVg5KRGKUQ5ZpZ9IiAkdkyH0NIYkAOmk+f4MH2tlgP1I6BMqnKu/J1ISSDkJPN0ZEDWS895U/M/rJcqvOykL40RBSGeL/IRjFeFpIHjABFDFJxoIFUy/FdMREYQqHVtFh2DPf3kR2qc1W/PNWbVxUcRRRofoCJ0gG52jBrpCTdRCFD2iZ/SK3own48V4Nz5mrSWjmNlHf8r4/AE3J5fc</latexit>

10  ~⌦  40
<latexit sha1_base64="3J5UEg/EyL5HDORr5qS5hR9aH/I=">AAACDnicbVC7TsMwFHXKq5RXgJHFoqrEVCUICcYKFjaKRB9SE1WOe9NatZNgO0hV1C9g4VdYGECIlZmNv8FNM0DLkSwdn3Pv9fUJEs6Udpxvq7Syura+Ud6sbG3v7O7Z+wdtFaeSQovGPJbdgCjgLIKWZppDN5FARMChE4yvZn7nAaRicXSnJwn4ggwjFjJKtJH6ds3LZ2QBT2GKXcfjcO+NAiK9GwFDMrviM6dvV526kwMvE7cgVVSg2be/vEFMUwGRppwo1XOdRPsZkZpRDtOKlypICB2TIfQMjYgA5Wf5KlNcM8oAh7E0J9I4V393ZEQoNRGBqRREj9SiNxP/83qpDi/8jEVJqiGi84fClGMd41k2eMAkUM0nhhAqmdkV0xGRhGqTYMWE4C5+eZm0T+uu4bdn1cZlEUcZHaFjdIJcdI4a6Bo1UQtR9Iie0St6s56sF+vd+piXlqyi5xD9gfX5A38Om7c=</latexit><latexit sha1_base64="3J5UEg/EyL5HDORr5qS5hR9aH/I=">AAACDnicbVC7TsMwFHXKq5RXgJHFoqrEVCUICcYKFjaKRB9SE1WOe9NatZNgO0hV1C9g4VdYGECIlZmNv8FNM0DLkSwdn3Pv9fUJEs6Udpxvq7Syura+Ud6sbG3v7O7Z+wdtFaeSQovGPJbdgCjgLIKWZppDN5FARMChE4yvZn7nAaRicXSnJwn4ggwjFjJKtJH6ds3LZ2QBT2GKXcfjcO+NAiK9GwFDMrviM6dvV526kwMvE7cgVVSg2be/vEFMUwGRppwo1XOdRPsZkZpRDtOKlypICB2TIfQMjYgA5Wf5KlNcM8oAh7E0J9I4V393ZEQoNRGBqRREj9SiNxP/83qpDi/8jEVJqiGi84fClGMd41k2eMAkUM0nhhAqmdkV0xGRhGqTYMWE4C5+eZm0T+uu4bdn1cZlEUcZHaFjdIJcdI4a6Bo1UQtR9Iie0St6s56sF+vd+piXlqyi5xD9gfX5A38Om7c=</latexit><latexit sha1_base64="3J5UEg/EyL5HDORr5qS5hR9aH/I=">AAACDnicbVC7TsMwFHXKq5RXgJHFoqrEVCUICcYKFjaKRB9SE1WOe9NatZNgO0hV1C9g4VdYGECIlZmNv8FNM0DLkSwdn3Pv9fUJEs6Udpxvq7Syura+Ud6sbG3v7O7Z+wdtFaeSQovGPJbdgCjgLIKWZppDN5FARMChE4yvZn7nAaRicXSnJwn4ggwjFjJKtJH6ds3LZ2QBT2GKXcfjcO+NAiK9GwFDMrviM6dvV526kwMvE7cgVVSg2be/vEFMUwGRppwo1XOdRPsZkZpRDtOKlypICB2TIfQMjYgA5Wf5KlNcM8oAh7E0J9I4V393ZEQoNRGBqRREj9SiNxP/83qpDi/8jEVJqiGi84fClGMd41k2eMAkUM0nhhAqmdkV0xGRhGqTYMWE4C5+eZm0T+uu4bdn1cZlEUcZHaFjdIJcdI4a6Bo1UQtR9Iie0St6s56sF+vd+piXlqyi5xD9gfX5A38Om7c=</latexit><latexit sha1_base64="3J5UEg/EyL5HDORr5qS5hR9aH/I=">AAACDnicbVC7TsMwFHXKq5RXgJHFoqrEVCUICcYKFjaKRB9SE1WOe9NatZNgO0hV1C9g4VdYGECIlZmNv8FNM0DLkSwdn3Pv9fUJEs6Udpxvq7Syura+Ud6sbG3v7O7Z+wdtFaeSQovGPJbdgCjgLIKWZppDN5FARMChE4yvZn7nAaRicXSnJwn4ggwjFjJKtJH6ds3LZ2QBT2GKXcfjcO+NAiK9GwFDMrviM6dvV526kwMvE7cgVVSg2be/vEFMUwGRppwo1XOdRPsZkZpRDtOKlypICB2TIfQMjYgA5Wf5KlNcM8oAh7E0J9I4V393ZEQoNRGBqRREj9SiNxP/83qpDi/8jEVJqiGi84fClGMd41k2eMAkUM0nhhAqmdkV0xGRhGqTYMWE4C5+eZm0T+uu4bdn1cZlEUcZHaFjdIJcdI4a6Bo1UQtR9Iie0St6s56sF+vd+piXlqyi5xD9gfX5A38Om7c=</latexit>

Single-State HORSE: 

Ø Energies  were measured from the threshold 

Ø  The total number of oscillator quanta of NCSM is 
identified with the number of quanta of relative         
motion in HORSE: N

max

+ 1 = N
<latexit sha1_base64="LQnbdQdFjrviPuUxxjx4AzmaIZ4=">AAAB/XicbVDLSgMxFM34rPU1PnZugkUQhDIjgm6EohtXpYJ9QDsMmTTThiaZIcmIdRj8FTcuFHHrf7jzb8y0s9DWA4HDOfdyT04QM6q043xbC4tLyyurpbXy+sbm1ra9s9tSUSIxaeKIRbITIEUYFaSpqWakE0uCeMBIOxhd5377nkhFI3GnxzHxOBoIGlKMtJF8e7/upxw9ZCfuZY8jPQyCtJ75dsWpOhPAeeIWpAIKNHz7q9ePcMKJ0JghpbquE2svRVJTzEhW7iWKxAiP0IB0DRWIE+Wlk/QZPDJKH4aRNE9oOFF/b6SIKzXmgZnME6pZLxf/87qJDi+8lIo40UTg6aEwYVBHMK8C9qkkWLOxIQhLarJCPEQSYW0KK5sS3Nkvz5PWadU1/PasUrsq6iiBA3AIjoELzkEN3IAGaAIMHsEzeAVv1pP1Yr1bH9PRBavY2QN/YH3+ACqnlQc=</latexit><latexit sha1_base64="LQnbdQdFjrviPuUxxjx4AzmaIZ4=">AAAB/XicbVDLSgMxFM34rPU1PnZugkUQhDIjgm6EohtXpYJ9QDsMmTTThiaZIcmIdRj8FTcuFHHrf7jzb8y0s9DWA4HDOfdyT04QM6q043xbC4tLyyurpbXy+sbm1ra9s9tSUSIxaeKIRbITIEUYFaSpqWakE0uCeMBIOxhd5377nkhFI3GnxzHxOBoIGlKMtJF8e7/upxw9ZCfuZY8jPQyCtJ75dsWpOhPAeeIWpAIKNHz7q9ePcMKJ0JghpbquE2svRVJTzEhW7iWKxAiP0IB0DRWIE+Wlk/QZPDJKH4aRNE9oOFF/b6SIKzXmgZnME6pZLxf/87qJDi+8lIo40UTg6aEwYVBHMK8C9qkkWLOxIQhLarJCPEQSYW0KK5sS3Nkvz5PWadU1/PasUrsq6iiBA3AIjoELzkEN3IAGaAIMHsEzeAVv1pP1Yr1bH9PRBavY2QN/YH3+ACqnlQc=</latexit><latexit sha1_base64="LQnbdQdFjrviPuUxxjx4AzmaIZ4=">AAAB/XicbVDLSgMxFM34rPU1PnZugkUQhDIjgm6EohtXpYJ9QDsMmTTThiaZIcmIdRj8FTcuFHHrf7jzb8y0s9DWA4HDOfdyT04QM6q043xbC4tLyyurpbXy+sbm1ra9s9tSUSIxaeKIRbITIEUYFaSpqWakE0uCeMBIOxhd5377nkhFI3GnxzHxOBoIGlKMtJF8e7/upxw9ZCfuZY8jPQyCtJ75dsWpOhPAeeIWpAIKNHz7q9ePcMKJ0JghpbquE2svRVJTzEhW7iWKxAiP0IB0DRWIE+Wlk/QZPDJKH4aRNE9oOFF/b6SIKzXmgZnME6pZLxf/87qJDi+8lIo40UTg6aEwYVBHMK8C9qkkWLOxIQhLarJCPEQSYW0KK5sS3Nkvz5PWadU1/PasUrsq6iiBA3AIjoELzkEN3IAGaAIMHsEzeAVv1pP1Yr1bH9PRBavY2QN/YH3+ACqnlQc=</latexit><latexit sha1_base64="LQnbdQdFjrviPuUxxjx4AzmaIZ4=">AAAB/XicbVDLSgMxFM34rPU1PnZugkUQhDIjgm6EohtXpYJ9QDsMmTTThiaZIcmIdRj8FTcuFHHrf7jzb8y0s9DWA4HDOfdyT04QM6q043xbC4tLyyurpbXy+sbm1ra9s9tSUSIxaeKIRbITIEUYFaSpqWakE0uCeMBIOxhd5377nkhFI3GnxzHxOBoIGlKMtJF8e7/upxw9ZCfuZY8jPQyCtJ75dsWpOhPAeeIWpAIKNHz7q9ePcMKJ0JghpbquE2svRVJTzEhW7iWKxAiP0IB0DRWIE+Wlk/QZPDJKH4aRNE9oOFF/b6SIKzXmgZnME6pZLxf/87qJDi+8lIo40UTg6aEwYVBHMK8C9qkkWLOxIQhLarJCPEQSYW0KK5sS3Nkvz5PWadU1/PasUrsq6iiBA3AIjoELzkEN3IAGaAIMHsEzeAVv1pP1Yr1bH9PRBavY2QN/YH3+ACqnlQc=</latexit>

N↵
<latexit sha1_base64="1UETqG9sEYMwynNO4VoePRVEFDw=">AAAB/nicbVDLSgMxFL1TX7W+quLKTbAIrsqMCLosunElFewDOkO5k2ba0MyDJCOUoeCvuHGhiFu/w51/YzqdhbYeCBzOuTcnOX4iuNK2/W2VVlbX1jfKm5Wt7Z3dver+QVvFqaSsRWMRy66PigkesZbmWrBuIhmGvmAdf3wz8zuPTCoeRw96kjAvxGHEA05RG6lfPXLzOzJfIB1PyZ2LIhlhv1qz63YOskycgtSgQLNf/XIHMU1DFmkqUKmeYyfay1BqTgWbVtxUscQk4JD1DI0wZMrL8ugpOTXKgASxNCfSJFd/b2QYKjUJfTMZoh6pRW8m/uf1Uh1ceRmPklSziM6DglQQHZNZF2TAJaNaTAxBKrl5K6EjlEi1aaxiSnAWv7xM2ud1x/D7i1rjuqijDMdwAmfgwCU04Baa0AIKGTzDK7xZT9aL9W59zEdLVrFzCH9gff4AYi+VvQ==</latexit><latexit sha1_base64="1UETqG9sEYMwynNO4VoePRVEFDw=">AAAB/nicbVDLSgMxFL1TX7W+quLKTbAIrsqMCLosunElFewDOkO5k2ba0MyDJCOUoeCvuHGhiFu/w51/YzqdhbYeCBzOuTcnOX4iuNK2/W2VVlbX1jfKm5Wt7Z3dver+QVvFqaSsRWMRy66PigkesZbmWrBuIhmGvmAdf3wz8zuPTCoeRw96kjAvxGHEA05RG6lfPXLzOzJfIB1PyZ2LIhlhv1qz63YOskycgtSgQLNf/XIHMU1DFmkqUKmeYyfay1BqTgWbVtxUscQk4JD1DI0wZMrL8ugpOTXKgASxNCfSJFd/b2QYKjUJfTMZoh6pRW8m/uf1Uh1ceRmPklSziM6DglQQHZNZF2TAJaNaTAxBKrl5K6EjlEi1aaxiSnAWv7xM2ud1x/D7i1rjuqijDMdwAmfgwCU04Baa0AIKGTzDK7xZT9aL9W59zEdLVrFzCH9gff4AYi+VvQ==</latexit><latexit sha1_base64="1UETqG9sEYMwynNO4VoePRVEFDw=">AAAB/nicbVDLSgMxFL1TX7W+quLKTbAIrsqMCLosunElFewDOkO5k2ba0MyDJCOUoeCvuHGhiFu/w51/YzqdhbYeCBzOuTcnOX4iuNK2/W2VVlbX1jfKm5Wt7Z3dver+QVvFqaSsRWMRy66PigkesZbmWrBuIhmGvmAdf3wz8zuPTCoeRw96kjAvxGHEA05RG6lfPXLzOzJfIB1PyZ2LIhlhv1qz63YOskycgtSgQLNf/XIHMU1DFmkqUKmeYyfay1BqTgWbVtxUscQk4JD1DI0wZMrL8ugpOTXKgASxNCfSJFd/b2QYKjUJfTMZoh6pRW8m/uf1Uh1ceRmPklSziM6DglQQHZNZF2TAJaNaTAxBKrl5K6EjlEi1aaxiSnAWv7xM2ud1x/D7i1rjuqijDMdwAmfgwCU04Baa0AIKGTzDK7xZT9aL9W59zEdLVrFzCH9gff4AYi+VvQ==</latexit><latexit sha1_base64="1UETqG9sEYMwynNO4VoePRVEFDw=">AAAB/nicbVDLSgMxFL1TX7W+quLKTbAIrsqMCLosunElFewDOkO5k2ba0MyDJCOUoeCvuHGhiFu/w51/YzqdhbYeCBzOuTcnOX4iuNK2/W2VVlbX1jfKm5Wt7Z3dver+QVvFqaSsRWMRy66PigkesZbmWrBuIhmGvmAdf3wz8zuPTCoeRw96kjAvxGHEA05RG6lfPXLzOzJfIB1PyZ2LIhlhv1qz63YOskycgtSgQLNf/XIHMU1DFmkqUKmeYyfay1BqTgWbVtxUscQk4JD1DI0wZMrL8ugpOTXKgASxNCfSJFd/b2QYKjUJfTMZoh6pRW8m/uf1Uh1ceRmPklSziM6DglQQHZNZF2TAJaNaTAxBKrl5K6EjlEi1aaxiSnAWv7xM2ud1x/D7i1rjuqijDMdwAmfgwCU04Baa0AIKGTzDK7xZT9aL9W59zEdLVrFzCH9gff4AYi+VvQ==</latexit>

N↵
<latexit sha1_base64="1UETqG9sEYMwynNO4VoePRVEFDw=">AAAB/nicbVDLSgMxFL1TX7W+quLKTbAIrsqMCLosunElFewDOkO5k2ba0MyDJCOUoeCvuHGhiFu/w51/YzqdhbYeCBzOuTcnOX4iuNK2/W2VVlbX1jfKm5Wt7Z3dver+QVvFqaSsRWMRy66PigkesZbmWrBuIhmGvmAdf3wz8zuPTCoeRw96kjAvxGHEA05RG6lfPXLzOzJfIB1PyZ2LIhlhv1qz63YOskycgtSgQLNf/XIHMU1DFmkqUKmeYyfay1BqTgWbVtxUscQk4JD1DI0wZMrL8ugpOTXKgASxNCfSJFd/b2QYKjUJfTMZoh6pRW8m/uf1Uh1ceRmPklSziM6DglQQHZNZF2TAJaNaTAxBKrl5K6EjlEi1aaxiSnAWv7xM2ud1x/D7i1rjuqijDMdwAmfgwCU04Baa0AIKGTzDK7xZT9aL9W59zEdLVrFzCH9gff4AYi+VvQ==</latexit><latexit sha1_base64="1UETqG9sEYMwynNO4VoePRVEFDw=">AAAB/nicbVDLSgMxFL1TX7W+quLKTbAIrsqMCLosunElFewDOkO5k2ba0MyDJCOUoeCvuHGhiFu/w51/YzqdhbYeCBzOuTcnOX4iuNK2/W2VVlbX1jfKm5Wt7Z3dver+QVvFqaSsRWMRy66PigkesZbmWrBuIhmGvmAdf3wz8zuPTCoeRw96kjAvxGHEA05RG6lfPXLzOzJfIB1PyZ2LIhlhv1qz63YOskycgtSgQLNf/XIHMU1DFmkqUKmeYyfay1BqTgWbVtxUscQk4JD1DI0wZMrL8ugpOTXKgASxNCfSJFd/b2QYKjUJfTMZoh6pRW8m/uf1Uh1ceRmPklSziM6DglQQHZNZF2TAJaNaTAxBKrl5K6EjlEi1aaxiSnAWv7xM2ud1x/D7i1rjuqijDMdwAmfgwCU04Baa0AIKGTzDK7xZT9aL9W59zEdLVrFzCH9gff4AYi+VvQ==</latexit><latexit sha1_base64="1UETqG9sEYMwynNO4VoePRVEFDw=">AAAB/nicbVDLSgMxFL1TX7W+quLKTbAIrsqMCLosunElFewDOkO5k2ba0MyDJCOUoeCvuHGhiFu/w51/YzqdhbYeCBzOuTcnOX4iuNK2/W2VVlbX1jfKm5Wt7Z3dver+QVvFqaSsRWMRy66PigkesZbmWrBuIhmGvmAdf3wz8zuPTCoeRw96kjAvxGHEA05RG6lfPXLzOzJfIB1PyZ2LIhlhv1qz63YOskycgtSgQLNf/XIHMU1DFmkqUKmeYyfay1BqTgWbVtxUscQk4JD1DI0wZMrL8ugpOTXKgASxNCfSJFd/b2QYKjUJfTMZoh6pRW8m/uf1Uh1ceRmPklSziM6DglQQHZNZF2TAJaNaTAxBKrl5K6EjlEi1aaxiSnAWv7xM2ud1x/D7i1rjuqijDMdwAmfgwCU04Baa0AIKGTzDK7xZT9aL9W59zEdLVrFzCH9gff4AYi+VvQ==</latexit><latexit sha1_base64="1UETqG9sEYMwynNO4VoePRVEFDw=">AAAB/nicbVDLSgMxFL1TX7W+quLKTbAIrsqMCLosunElFewDOkO5k2ba0MyDJCOUoeCvuHGhiFu/w51/YzqdhbYeCBzOuTcnOX4iuNK2/W2VVlbX1jfKm5Wt7Z3dver+QVvFqaSsRWMRy66PigkesZbmWrBuIhmGvmAdf3wz8zuPTCoeRw96kjAvxGHEA05RG6lfPXLzOzJfIB1PyZ2LIhlhv1qz63YOskycgtSgQLNf/XIHMU1DFmkqUKmeYyfay1BqTgWbVtxUscQk4JD1DI0wZMrL8ugpOTXKgASxNCfSJFd/b2QYKjUJfTMZoh6pRW8m/uf1Uh1ceRmPklSziM6DglQQHZNZF2TAJaNaTAxBKrl5K6EjlEi1aaxiSnAWv7xM2ud1x/D7i1rjuqijDMdwAmfgwCU04Baa0AIKGTzDK7xZT9aL9W59zEdLVrFzCH9gff4AYi+VvQ==</latexit>



nα scattering: resonant state 3/2- 
Er 

MeV 
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Exp. 0.80 0.65 
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nα scattering: resonant state 3/2- 
Er 
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(2-4) 
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nα scattering: resonant state 1/2- 
Er 

MeV 
Γ 

MeV 
JISP 1.86 5.46 
Dj16 2.22 5.13 
Exp. 2.07 5.57 

JISP16 (Phys. Rev. C 94, 0624320, 2016) 
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Non-resonant nα scattering: 1/2+ 
JISP16 (Phys. Rev. C 94, 0624320, 2016) 
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pα scattering: resonant state 3/2- 
Er 

MeV 
Γ 

MeV 
JISP 1.81 1.78 
Dj16 1.52 1.05 
Exp. 1.69 1.23 
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pα scattering: resonant state 1/2- 
Er 

MeV 
Γ 

MeV 
JISP 3.54 6.05 
Dj16 3.18 5.63 
Exp. 3.18 6.60 
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Non-resonant pα scattering: 1/2+ 
JISP16 
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Energies and widths 
Er 

MeV 
Γ 

MeV 
Ξ 

keV 
Er 

MeV 
Γ 

MeV 
Ξ 

keV 
Δ 

MeV 
5Li,   3/2- 5Li,   1/2- 

Experim. 1.69 1.23 3.18 6.60 1.49 
JISP16  1.81 1.78 44 3.54 6.05 66 1.73 
Daejeon16 1.52 1.05 24 3.18 5.63 50 1.66 

5He,   3/2- 5He,   1/2- 

Experim. 0.80 0.65 2.07 5.57 1.27 
JISP16  0.89 0.99 37 1.86 5.46 53 0.97 
Daejeon16 0.68 0.52 22 2.22 5.13 48 1.54 

Δ = Er 
(1/2-) - Er 

(3/2-)   
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Conclusions 
ü Method NCSM Single-State HORSE  

for description scattering states,  
based on shell model calculations of nuclei, 
is suggested 

 

ü This method has been applied to Nα 
resonant and non-resonant scattering 

Phys. Rev. C 98, 044624 (2018) 
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