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HORSE formalism

Radial Schrodinger equation Hlul (k,7) = Eu;(k,7)
w.f. expansion u(k,r) = Y a, (k)p,;(r)
n=0

(1,1 (1) oscillator function

OO

Y (H. =&, E)a, (k) =0 n=0,1,...

n’'=0

H' = (pu(M)|H9n (1))



HORSE formalism o |
Hamiltonian matrix

Hamiltonian elements:

structure: z z z
Hnn/ - Tnn/ + Vnn/

Non-zero kinetic energy m. e.

, hw 3
Ton=—7\2n+1+=

N

2 2
l l nw 3
Tn+1,n — Tn,n+1 — ) m+Din+l+ E
N
T'runcated potential energy

matrix

r

V. if nsN and n'sN
0O if n>N or n>N




HORSE formalism o |
Hamiltonian matrix

Hamiltonian elements:

structure: z z z
N Hnn/ - Tnn/ + Vnn/

Potential m. e. decrease
with nn’

Kinetic energy m. e.
increase with nn’

N, hw — basis parameters

Y (Hpr = S Eanr () = 0
n



HORSE formalism

OO
When n, n’> N Z(Himf —0,,/E)a, (k) =0
/
reduce to

T‘rlln 1an 1l(k) + (T‘rin — E)a (k) + T£n+1an+1l(k) =0

ay; (k) = cosd; S, (k) + sind; C, (k)

When n, n’< N: Ej — eigenvalues, y ., — eigenvectors

Y Yan¥an' (ans, = — Sni(k) — OynSyt1,1(k)
© T Cyi(k) = GynCrgr i (k)




HORSE formalism

Coulomb interaction

IV = |/ Nucl 1 | Coul
VAL S

| Coul (T) — -

u;(k,r) ~ coso;(k)F;(n, kr) + sind;(k)G;(n, kr), r - o

F;(n, kr) — regular Coulomb function

G,(n, kr)— irregular Coulomb function

B ,LlZ1Z2€2
= "h2g

— Sommerfeld parameter



HORSE formalism

Coulomb interaction

N M

NI\

Hamiltonian matrix
elements:

[ _ il l
Hnnl — Tnnl + Vnnl

[l _ ysyNucl Coul
Vnn, — Vnn, _+ Vnn, |
Nuclear potential m. e. decrease with nn’
Kinetic energy m. e. increase with nn’

Coulomb m. e. decrease slowly than
nuclear potential m. e.



HORSE formalism

Coulomb interaction  method of I. P. Okhrimenko:

N M — oo

VCoul

N\

T \ Van + 21 + 3

. P. Okhrimenko, Nucl. Phys. A 424,121 (1984).



HORSE formalism

Coulomb interaction

[
Trlzn 1an 1l(k) + (Trin o E)a (k) + Tnn+1an+1l(k) +
. P. Okhrimenko, Nucl. Phys. A 424,121 (1984).




HORSE formalism

Coulomb interaction

N M

Modified Okhrimenko method:
use M>N, but Coulomb matrix
IS square.

L\




HORSE formalism

Coulomb interaction

N

Hamiltonian matrix
elements:

I _ gl l
HTlTl’ — Tnnl + Vnnl

[l _ ysyNucl Coul
Vnn, = Vnn, + Vnn,
Both components of

interaction are cutted with
the same N



HORSE formalism

Coulomb interaction

u;(k,r) ~ coso;(k)F;(n, kr) + sind;(k)G;(n, kr), r —

wk,r) = 3 au()pu()

a% (k) = c08,(k)Sny () + sind; (k) Cy ()

Finkr) = 3 Su(0)@n(r)

Gi(n, kr) = ZOCnl (k) Pni () . Gi(n, kr)
n=



HORSE formalism

Coulomb interaction

Near to the classical turning point r;,,-, = roV4n + 21 + 3:

27,

oui(r) = [=26( —vry)
—00 vV

\ v = hk/u

1 1
Sni(k) = ﬁf Fi(n, kr)@y (r)dr 2 ﬁ\ TFI (n,vkry)

1
Cri (k) 2 \/—;f Gi(n, kr) @y (r)dr 2 ﬁ\ ~ G,(n, vkry)




HORSE formalism

Coulomb interaction

Sni(k) = GynSy1, (k)

tang) = - ——— ——
(k) = Gy Cya (k)



Efros method

p—1
W.f.: u,(k,7) = F;(n, kr) + tan 6,(k) G,(n, kr) + ngobn(k)ﬁnl (1)

Brn = @ = Inl)

S b, (k), n=0,..v—1
no tan 61(’{), n =17

(ﬁnl|(H — E)lul(k,r)> =0 n=0,..,v

(%
E /
Pnlncnl — Qn/; n = O, ...,v
n=0



Efros method

System of equations: Pc=0Q

=0, ...
nnr — <ﬁnl|(H E)|,Bnl> nnl _ SnnlE: {n,Tl: 0, ___’vli 1

= (Bt (H — )| Gy(n, k) = Z Cn (K)o + Ao, M= 0,0

|
&
<

On = —(Bual (H = E)|Fy(n, k) = Z S (Ko, 7

tan 6;(k) = c,



Model problem

- Woods—Saxon potential:

1d V.

V,
VWS(r) = > +(1-8)=—
1+ exp (T — Rl)

1+exp(r;RO) rar p
0 1

- with Coulomb interaction:

VAT
r

| Coul (T‘) —



Smoothing of potential energy m. e.

V=00l

nm m

v _ 1-exp{-[o(n- N-1)/(N+D]*}

n

O 2
l-exp{-a~}

J. Révai, M. Sotona, and J. Zofka, J. Phys. G 11, 745 (1985).
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Summary

- We modified the method of |. P. Okhrimenko, there is no need In different
dimension for Coulomb matrix

- We checked the proposed TRR, comparing the expansion coefficients obtained
from it with the exact values, it turns out that the asymptotic formula works in a
wide range of n

- This approach is compatible with the Efros method, which allows the use of an
even smaller potential matrix



Thank you for your attention!
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hw=20 MeV, E=40 MeV, I=1, nstart=50
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HORSE formalism

Coulomb interaction

Casorati determinant:

Ku(C,S) = Cn+1,l(k)5nl (k) — Sn+1,l(k)cnl (k)

h
T1"lt,n+1jcnl(c» §) = E

This combination doesn’'t depend on n;
we could use it for calculation starting from large n and going down with TRR:



Z1=1, Al=1, Z2=2, A2=4

hw=20 MeV, nstart=150

K (C,5)/

0.99

nn+1

l

0.98

AN

E/hw




Z1=1, Al=1, Z2=2, A2=4
hw=20 MeV, error=0.5%
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Efros’ method

System of equations: Pc=0Q
n=20,..,v
b = Huny =Onni {n’ =0,..,v—1

N

z C. ()T, + A(K)S, o + 2 C, (K)VEU n=0 . v

m=N+1

N
= = > S (K)o 2 SV =0, ., v
m=0

m=N+1



/Z1*72=2, Al=1, A2=4
hw=20 MeV, 1=0, j=1/2
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