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tlihlielnts

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

v" Problem
v J-matrix formalism
v' resonance information from E,

J-matrix 4= NCSM: Na scattering

NB this is still work in progress,
some observations, examples
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Conventional:
bound state energies are associated with

variational minimum in shell model calculations
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Is it also true for resonant states?
Can we get resonance width from such calculations?

Opportunity: H=H’+V

e LM.Lifshitz (1947). SE)=—n E -E
J D

e 0O.Rubtsova, V.Kukulin, V.Pomerantsey, .

JETP Lett. 90, 402 (2009);
Phys. Rev. C 81, 064003 (2010). D =E, -E;

So, the phase shift Unfortunately, this does not work:
at the eigenenergies E; » The dimensionality of the matrix is
: J small, the average spacing between
can be easily calculated! the levels is not well-defined.
* One needs sometimes D; value below
the lowest E?
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Schrédinger equation: Hlul (E,r)=Eu,(E,r).
Expansion: UZ(EJ’) = Eanz(E)Rnl(’”)-
=0

[+1
0 2n! r R
R (r)=(=1) —| exp|-— |L'"*| =
rnI'(n+l+3/2)\r, 2r; Iy

Iy = A/ mo, hw - oscillator parameters, m— reduced mass.

2
E = (q / 2)ha) — C€.m. energy, q = kr, — dimensionless momentum.

Y (H,,-6,,E)a,,(E)=0.
n'=0
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Structure of Hamiltonian:

N+1

T+V

N+1

parameters: N +1, hw

Hamiltonian matrix:
l l I
Hl’ll’l' - Tl’ll’l' + Vl’ll’l‘

Non-zero kinetic energy
matrix elements:

Tnln=h7w(2n+l+3/2)

nn+l — T n+ln

T =T =—h7w\/(n+l)(n+l+3/2)

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

nn

Truncated potential matrix:

_ nn'

- 74 if n and n' <N;
0 if n or n > N.
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Nl(q) GNN(E) NN+1 Snas(q)

Phase shift: tano(E)=
Z(Q) G N(E) N,N+1 N+1,Z(Q)

Gy (E) = - E<NM>

N
L, <n|)L> (A=0,1,...,N) are obtained from EH,lm.<n'|)L>=EA<nI)L>, n=sN

n'=0

Regular and irregular oscillator solutions

ar.n! . Y.
S.(q) =\/ d q leXp(—q—)LZ (@),

I'n+l+3/2) 2

-l 2

|
Cnl(q)=(—1)\/ ddoi el Xp(—q—)d)(—n—l—1/2,—l+1/2;q2) .

T(n+1+3/2) T(=1+1/2) 2
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SN+1,Z (E)L)

E—E,: =tand=-
C’N+1,l(l?}.)

arctan(- SN+l,l / ('N+1,1)

N+1=10, 1=0
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phase shift (degrees)
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compare J-matrix with Lifshitz
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Lifshitz: e
H=H"+V
E,-E;

D,

J

o(E,))=-m

0 0
D =E, -F,

j+l
J-matrix: 3%

SN+1,Z (E/l)

O(E,) = —arctan
) Cryus(E2)




J-matrc  resonance information from E,

Let us try to extract resonance information Sy (ES)
from E, behavi [ O(E,)=—arctan :
rom E, behavior only Cyus(E,)

IS based on WS (ver. 3) phase shift

N+1=4, 1=2, AE =4 MeV

180 T T T T | T T T T T I: R

. (== hQ=10 MeV I

 E, should increase IR 15 MeV 3
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E, (MeV)
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E, (hQ)
WS with 1 bound state, 1=2
o R N =4 40 T
[ N = © /] corresponding phase shift values
40 — N:= 10 9_/‘/ . S (E )
—+N_ =12 / i
| e / i
N, = 14 / : S(E,) = —arctan| L2
301~ mx = /! —
[ v d CN+1,l (E)L )
- . v .
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[Resenanee
1I'/2

. . 6°" = arctan +
e Breit-Wigner: B =5
tano(E,)=— Swi1s(d1)
Cria(qy)
E =E,+A,
e Simple approximation: ¢=0
_ SN+1,l(q/1) _I'/2
tan5(Eﬂ)__CN+”(ql) A Do not expect to get
| a reasonable result
dtano(E) _ /2 forE.or T
dE |p-r, A if /24 is small!

Derivatives calculated through

If |I'/24] is large,
E,(hQ),E; (hQ+ A(hQ)) we get good results
for E., " and .



phase shifts (degrees)
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IS based on WS (vers. 3)

N+1=7, 1=2, without shift
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Breit-Wigner:

E,(hw)

T
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Breit-Wigner:
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What can we do if we obtain E,
in @ nhon-resonant region
above the resonance’?

« We can extrapolate energies to larger
(but finite) N, value when E, is in the
resonant region.

exp(—a\/NmaX +b)
\/Nmax + b

Expected dependence is E;(N,, )=A
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extrapolation
exp(—a\/ N_. +Db)

E,(N_, )=A
E,, hQ=40 MeV, N__*10,12 ’ N
WS with 1 bound state, 1=2
] L B I L B B R I I L
B + - -+ h0=40 ]
[~ + ....... - N-2.5 -
1o} ‘;I; —
z | % ] This works.
:'_ -+ . However this
N 4+ .
Al . extrapolation
E ' seems to be
: unstable and
! ] inconvenient
ol | | | | ' | | | |
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More convenient is

: : E, (N
an exponential xtrapolation A

max

) =aexp(—cN

max

)+ E; (o)

E, exponential extrapolation. hQ=35 MeV

WS with 1 bound state, 1=2
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Resonance parameters

obtained from NCSM calculations for °He

 We get stable
E, and T;

e [is too small
as compared

£
4 F
with _g asf

experiment.

P, hQ2=22.5 MeV
JISP16-J4, E for “He from respechve model space. Extrapolation (10-12-14) ->N__
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Coneclusions

e The best way to compare the calculated results
with experiment is to use “experimental” phase
shifts and get E, consistent with scattering data
using simple inverse scattering technique.

e Studying hw dependence of E, obtained in NCSM,
one can get resonance energy and width.
However, usually an extrapolation to a reasonable

N.. . value is required.

max
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