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Inclusion of continuum into ab-inito nuclear structure unavoidable

m Experimental data obtained from scattering

m Nuclear reactions

m Inclusion of resonances

m Unified framework for bound states and scattering effects
m Discrepancies in experiment and theory
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Motivation

9Be

m 9Be as system of 8Be+n
m 8Be+n Threshold at 1.665 MeV
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Scattering
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Scattering

m Lippmann-Schwinger equation

l$) = 1¢o) + (E—Ho)~Vy)

m Lippmann-Schwinger in coordinate space
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Scattering

m Plane and spherical wave for large r

Y(F) =¥ + (6, 9)

elkr

r

m Scattering information in scattering amplitude f¢(6, ¢)
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Scattering

m Partial wave decomposition for large r

o © P/(cos 6) N 1e""“ elkr
Y(r) ;;(2/4— 1)7[( 1)Jr T—I-Sl(k)T

m Scattering matrix S,
Si(k) = 1 + 2ikfi(k)

m Unitarity of S,
S/(k) _ e2i5/(k)
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Scattering

m Phaseshift interpretation

u(r) u(r)

W

m Radial Schrédinger equation
( d2  I(l+1) 2u

dr? r h?

m Long range behaviour
uy(r) = cos(6,)Fi(n, kr) + sin(6,)Gy(n, kr)

ui(r) = Ci(Hy (n, kr)— S, H/ (n, kr))
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NCSM/RGM
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NCSM/RGM

m See lecture by Petr Navréatil

m Partial wave binary cluster basis

Iy ZJ'
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Y r
& —
m Generalized eigenvalue problem

Zf drr? (’HV/,V(r’, ry—ENy (', r)) :
v

m Non-local potential
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B R-Matrix Theory
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R-Matrix Theory

m Define channel radius a

Internal External
region region
Vv
V=Vc
int ext
U, :( ') Up g (7)
> r
a

m Continuity condition of logarithmic derivative
t/
u;nt (a) ex (a)

u;nt(a) o ext(a)
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R-Matrix Theory

m Definition of R-matrix
u(a) = R/(E)(au,’(a) - Bu,(a))

® Hamiltonian not Hermitian

Jo dr r2 (‘Pf(r)(ﬂllﬂz(f))— (Hl‘ﬂl(r))*wZ(r)) #0

m Introduce Bloch-Operator into Hamiltonian
B ﬁ25 d B
=—6(r—a)(———

(B) = 5 8r=a) (g~ 1)
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R-Matrix Theory

m Bloch-Schrédinger equation

(Hi+ £L(B)— E)uilnt(l’) = L(B)uilnt(r) - L(B)ulext(r)

Internal External

region region
Vv
V=Ve
inty,. cextog
upy(r) uy (1)
r
a

m Expand interior solution

N
u™(r)= > c9i(r)
j=1
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R-Matrix Theory

m Project onto expansion basis

Zfo drgi(r)( + L(B) ~ E)ei(r) ¢ = f dr gi(r)£(B)u(r)
J

0

Cjj
m Solve for u(a)

u;(a):Zq)f(a)ci th, ~)ijei(a )( uj(a )—Bu/(a))

m Compare to R-matrix deﬁnition

Z(P: ~1ij9j(a)

2ua
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R-Matrix Theory

m Reminder of ansatz

Internal External
region region
Vv
V=Vc
”ﬁ (r) u};xf (r)
r
a
u(a) uP®(a) cos(8))kF](n, ka)+sin(6)kG](n, ka)
u}”t(a) uf"t(a) N cos(6))Fi(n, ka) + sin(8,)Gy(n, ka)

m Solve for phaseshift

tan(6;) =—

Fi(n, ka) + kaR(E)F/(n, ka)
Gi(n, ka) + kaR/(E)G|(n, ka)
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Lagrange Mesh

Stefan Alexa — TUD - 28 ISS 2016 - 18
e




Lagrange Mesh

m Free choice of basis functions: Lagrange functions

r Pn(2r/a—1)
r) = (- —/axj(1— xj) —————
@i(r)=(—1) ax; i i) r—ax

m Mesh points

Pv(2xi—1)=0

m Simple integration with Gauss quadrature

f drj dr/r2ei(r)W(r, r')e;(r) °%% a\/xAW(ax;, ax))
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Outline

@ Benchmarks
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Benchmarks

m 12C+p scattering, effective potential
m /=0 single channel

150
100
7 — a=8fm, N=15
oA a=8 fm, N=7
< a=5 fm, N=15
— a=14 fm, N=20
***** Resonance: 0.418 MeV

0.5 1.0 15 2.0
Energy [MeV]

Stefan Alexa — TUD - 28 ISS 2016 - 21
e




Benchmarks

m o-+d scattering
m bLi effective potential
m /=0 and /=2 channel

Eigenphase shifts @ a=8 fm , N=15
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Summary

Stefan Alexa — TUD - 28 ISS 2016 - 23




m Necessity for continuum in nuclear structure
m Basics of scattering physics
m Relative motion wave function in NCSM/RGM

R-matrix Theory on Lagrange Mesh
m Use of asymptotic solution
m Reformulation to matrix inversion
m Simple integral evaluation
m Non-local potential treatment
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Epilog
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