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Motivation

K. Kisamori et al, Phys. Rev. Lett. 116, 052501 (2016)
proposed 4n resonance in *“He + 3He collisions

E, = 0.83 £ 0.65 (stat) +1.25 (syst) MeV
(above 4n disintegration threshold)

I' < 2.6 (MeV)
Pure statistics: only 6 events

Marques experiments of bound 4n in reaction
14Be — 19Be + 4n not confirmed

There are no theoretical predictions 4n resonance in low-
energy (about few MeV)

We try to find 4n resonance using SS-HORSE method



SS-HORSE

S E
* Phase shift tandy(E,) = — N+2,e( )
| 2 . CN+2,£(E1/>
Snt2,e(q) = \/F(#queﬂ A <_%) L5 (g2 e
; 2

mn! g q2) < 1 1t 2) 9
C — (= e e e
s islel \/r(n+£+g)r(—£+§) eXp( oy rr e ) R E:—q2 hQ

*

E,is Shell Model Hamiltonian’s eigenvalue with given quantum numbers of
channel with N and /{2 parameters

By varying A€} and N we may obtain £, and dyin some interval

HO
N+7/2

In other hand, dy can be parameterized in cases of resonance, bound, virtual,
false states and it’s various combinations

Scaling: phase shifts of relativity small energies depends from s =

Method gives reasonable results in naelastic scattering with NCSM
calculations °He and “He with JISP16 interaction,
see arXiv:1608.05885 [nucl-th]



*

*

Generalization SS-HORSE for
democratic 4n scattering

Hyperspherical harmonic oscillator representation proposed in
S. A. Zaitsev, Yu. F. Smirnov, A. M. Shirokowv.
Theor. Math. Phys. Vol. 117, Issue 2, pp 1291-1307 (1998)
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K is hypermomentum, K = Kpin, Kmin + 2, ...

Partial waves with Kpin + 2, Kmin + 4, . 4
suppressed by large centrlfugal barrier E(ﬁ —1— 1)/ p, p?= Z(ri = R

p=ll

s

2 neutrons on s-shell, 2 neutrons on p-shell:
N= Ng + Nmax = Nmax + 2, Nax is max excitation quanta



*

E [MeV]

4n scattering with JISP16

NCSM: lowest eigenvalues Ly,

L (in continuum) increase as

function of

Scaling par. s = A}/ (Npax + 17/2)
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4n scattermg with JISP16

Scaling par. s =

tand(FEy) = —

Nmax + 17/2

SNmax+4,5(E0)

CNomax+4,5(E0)

Selection criterion: forming
smooth curves
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Phase shift parameterization

* Symimetry: Im(k) k-plane
S(=k) =1/5(k), S(k*) =[S(k)]" oo X
*x  S(k)=e*®)  §(k)=—6(—k) Qe Zo """"""""""" ©
* S-matrix expression: X o k Relk
S(k) = O(k)Sp(k) =0+, S — x
ik, D
background  pole

* Types of poles

kb(f) — 1k k, + 1k (k — k2 (k+ Ky) :
— — r - y K = Ky — 1y
Sb(f) . S’U ]C,U—’I,k S (k—ﬁr)(k—'—/ﬁ};&) R ?’/y




Phase shift parameterization
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Parameterization 6 =, + ¢

aV'E

E — b2
B2 = Ap2 2

Resonance 0, = — arctan

Low energy limit & ~ k2471 ~ ( \/E)ll
wiVE + ws (\/E)g bl (@)5

1 4+ woF + wyE? + wgE3 4+ dE4

Background ¢ =

algebraic expressions of w;, i = 1,2, 3,4,6 provide
right low energy limit



4n scattering with JISP16
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Good convergence due to right limit to low energy
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Assumption of false pole

* False pole provides

phase shift: 180 ~————T——— - I -CCLCC=—o
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Conclusions

SS-HORSE method extended to democratic non-Coulomb
scattering

We found resonance in 4n system using SS-HORSE method
with JISP16 NN interaction and calculate phase shift

We propose resonance in 4n system with
E.,=08MeVand Il =14 MeV
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Thank you for attantion!



