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tlihlielnts

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

v Motivation
v J-matrix formalism
v’ resonance information from E,

J-matrix 4= NCSM: Na scattering
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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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Y SnplaltiGxe

Schrédinger equation: Hlul (E,r)=Eu,(E,r).
Expansion: UZ(EJ’) = Eanz(E)Rnl(’”)-
=0

[+1
) 2n! r N
R (r)=(-1) —| exp|-— |L'"*| =
WI(n+l+3/2)\r, 2r; Iy

1, = Jh/ mS<2, HhQ is oscillator parameters, m is reduced mass.

E=(q"/2)hQ _ c.m. energy, q = kr, — dimensionless momentum.

Y (H,,-6,,E)a,,(E)=0.
n'=0



Y SnplaltilGinxe

Structure of Hamiltonian:

T+V
(N+1)x(N+1) 0

parameters: N, hQ

Infinite Hamiltonian matrix:
l l l
H =T +V

Non-zero kinetic energy
matrix elements:

Tnln=h79(2n+l+3/2)

T =T =—?\/(n+l)(n+l+3/2)

nn+l — T n+ln

) [ 2
T .~n V' —decrease with n,n' — o

nn

Truncated potential matrix:

v Vrin, if n and n»n' <N,
nnt Q) if n or n>N.



J=airps
Phase shift: Nl (£)- GNN (E) N N+l N+1,l (£)

) = B =Gy (B)T i Cos ()

Regular and irregular oscillator solutions

2r.n! ’ AR
Snl(E)=\/ 0 qllexp(_q_)Lz’11/2(q2) ’

I'n+l+3/2) 2
' 2
C (E)= 21y r(z+1/2) exp| —L |®d(-n-1-1/2,-1+1/2:4%) .
I'n+l+3/2) 7 q 2
2
E=L 1o
ESnz(E)Rnl(r) krjl<kr> 2

Ecn, (E)R ,(r) — - \/:kr n, (kr).
N /




Y SnnlaltilGixe

Phase shift:  tan 0(E) = —

G (B) =3 <N ' V>

Nl (E) GNN (E)T]ff N+ISN+1,l (E)

NI(E) GNN(E) N,N+1 N+1,Z(E)

CE, (nlv) v=01,...N)

N

are obtained from

EH <n|v> E<n|v> nsN

/

All NCSM states are needed that is impossible to obtain



Y SnnlaltilGixe

CEV)I(E) GNN (E) N N+1C§V+1 [ (E)

S-matrix: S(E) = o o
CN Z(E) GNN (E) N N+1CN+1,Z (E)

CH(E)=C (E)+iS (E)

[EC“ (E)R (r)— 2krh§+)(kr).}

n=0




N STnnaltigXy

v/  O(E,))=-—arctan Iy (Ey)
E = EV.' CN+1,Z(EV)
-)
vV  SE)= Cﬁ;” -
CN+1,Z (Ev)

Only one eigenvalue E , is an input!

E (7n€2), h€2— continuous parameter o(E), S(E)



N STnnaltigXy

universal function

SN+1,l (E)

.., (E)=—arctan
o Cyus(E)

o(E,)= fN+1,l (E,)

asymptotics N >>g 7 —>

fN+ll(Ev)=5(EV)zarCtan ]l(Zv) zll_zv
| nl(Zv) 2

2, =2q (N+D)+1/2+3/4



N STnnaltigXy

universal function

fnl (degrees)
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N STnnaltigXy

fnl (degrees)

universal function

Sy, =—arctan

180 I I I I ] I I | |
-1..
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JENAPL compare J-matrix with Lifshitz

« |. M. Lifshitz (1947).

* 0. Rubtsova, V. Kukulin, V. Pomerantsev,
JETP Lett. 90, 402 (2009);Phys. Rev. C 81, 064003 (2010).

Lifshitz: e
H=H"+V
E,-E;

D,

J

150"_-
o(E,))=-m

0 0
D =E, -F,

j+l

J-matrix: 3%

1 | 1 1 I 1 | 1 1 I 1 | 1 l/ I | 1

SN+1,Z (E/l)

O(E,) = —arctan
) Cryus(E2)

oy




Sghaltiing Im(o) | bound,  k_plane
ik % false
Syyimlnetiny
| O e
S(-k)=—— | ik, |
=50 i O =
1 -%r -ikv X ,%r Re(k)
S(k ) - S*(k) >=('""'""""""—iyf"""' virtual )l(
ik resonance
S(=k")=S8"(k)
S(k)=S.S;...S,S,...5,5;...5,S, ...
bound false virtual resonance state
S _ (k+ik,) _(k+iky) _ (k-ik,) < _ (k=x))(k+xK,)
C(k-ik) 7T (k-ik,) (k+ik,) " (k—x)(k+K))

K, =k -1y,



[Resenanee S(k)=S,S;...8,S, ...5;8;...8,S; ...

OE)=0+0] +...+40,+...+40, +...+0, +...

1%

2k
resonance phase shift 0 =- arctan( Vr )

phase shift behaviour far from resonance ¢ =~ 2ky, ~C \/E

k
bound (false) Oy = arctan( b]if )) far from resonance O, ~ ¢, — sz/E

1%

k
virtual 0, = —arctan(f far from resonance O, ~c, + czx/E



ReSenance

In vicinity of the resonance with E | T

avE

E -b*

O = —arctan

+oJE [E

b>’-—, —=a
2 2

-
47

definition of the resonance parameters

2 2
E=ti = (k- ) =
2m 2m 2m
+ J-matrix: —arctan

SN+1,l (Ev)

— (&7 -7})-i2k7,

r

2m

2

m

PR
E ——(k,,—yr), I''2=—=%k,

CN+1,l (Ev )

= —arctan

ayE,

E -b’°

+eyJE,



ReSenance

+ J-matrix:

oJE,

E -b°

2
E=p-2. E—a,/bz—a—
27 2 4

How should depend E, on hQ) and N
in the vicinity of resonance?

SN+1,Z (Ev)
CN+1,Z (Ev)

—arctan = —arctan

+cyJE,




Meelel iz s-weave Sealitering

1 Ly b exp(-R)/d)
Lrexp((=R)/d) " r [leexp(—R)/d))]

Model potential V(r)=V,

V, ==50 MeV, V. =207 MeV, d. =0.53 fm, d,=3.774 fm, R=3.08 fm

Resonance: ool ' ' e e e L
E =3.403 MeV :

[ =0225 MeV 60

fit: ~ !

E =3.404 MeV 8 .|

T =0223 MeV S ol

a =0.0605 MeV'"* _30'

b* =3.4061 MeV :

c =-0.7059 MeV™"* -60




E, (MeV)

Meelel iz s-weave Sealitering

E JE
Eo(hﬂ) —arctan SNH’Z ( Y ) = —arctan a V2 +C4/ EV
v Ey) E,-b

dE,/d(hQ) >0 !

® hQ=80MeV| .
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E, (MeV)
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Meelel iz s-weave Sealitering

‘SN ll(E ) a\/Ev
_ o AELC eV e E
E,(h.Q) arctan( N+1,l( V) arctan V > +c«/ .

dE, /d(hQ) >0 !

E,(N)
5_ - - I ]
- ® hQ=20MeV]| ]
[ — E,N)
451 B hQ=15MeV
hQ (MeV) I — E(N) ]
o A hQ =10 MeV| -
— E,(N) -
é 4+ A 1
e
35E
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Meelel iz s-weave Sealitering

Phase shift comparison

Resonance: 90l
E, =3.403 MeV -
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fit: ~
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Meelel 2Z: e-weave Seatiering

1 b exp(-R)/d)
Lrexp((—R)/d) " [leexp(—R)/d))]

Model potential V(r)=V,

V, =—48 MeV, V. =-20 MeV, d =053 fm, d, =3.774 fm, R=3.08 fmn
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fit:
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Meelel 2Z: e-weave Seatiering

E,(hQ)
T T a
EV

SN+1,l (Ev)
Crai(E,)

= —arctan

E
—arctan 4
—_b?

dE,/d(hQ) should be >0 !

Eo(N)




Meelel 2Z: e-weave Seatiering

Phase shift comparison
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Ne = SCALCIING], FESCNANGCE %
NCSM calculations for °"He with JISP16

Redefined level energy from na threshold: E = E(°He, 3/2°) — E(*He, gs)

E(°He, 3/2)
‘\““\‘“‘\““\‘s_;ﬁr;ax‘z‘lé‘
HNmax:16
aaN =14

E(4He, gs)

HNmax= 16
AAN =14
max

—27HH

. -20 v'_‘VI\Imax= 12 V—VNmax= 12
S N =10 — 275 _
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Ne = SCALCIING], FESCNANGCE %
NCSM calculations for °"He with JISP16

E(°He, 3/2") — E(*He, gs) —arctan SaiEy) = —arctan a\/Ejz +cyE,
4 T T I T T T T I CN"'I’Z (EV) EV - b
35K _
i Best fit:
a3 A a =0392 MeV"”
> [ b> =1.286 MeV
S 1 ¢ =-0475 Mev™”
tig - .
. v o ! = 18|+
2- O A v N =16l Resonance:
- 0 g Sk B N =10/
- o a N =141 E =1209 MeV
15 - . - 17/
: v Nox=12(1 T =0.875 MeV
1 1 1 1 l 1 1 1 1 l 1 1 1 1 1 1 1

10 20 30 40 \/Xz / datum =1.2°



Ne = SCALCIING], FESCNANGCE %

Phase shift and resonances parameters

I
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Ne = SCALCIING], FeSCRaNe® /%
NCSM calculations for °He with JISP16

E E
E(°He, '2’) — E(*He, gs) —arctan Sys (Ey) = —arctan a\/72 +c\/E7V
8 CN+1 I(Ev) EV - b
[~ | T | T )
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Ne = SCALCIING], FESCNANGCE %

Phase shift and resonances parameters

60
Resonance:
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Coneclusions

o 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.

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