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Taylor-type power-series
expansion
in scattering theory:

k21 cot Op Z Con k2™

short-range potential

Effective-range expansion
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kcot 8g(k) = —— + _rok? — Prik® + Qrok® +
P / a \
Scattering length Effective radius
Limitations :

» valid near k=0 (low energies)
 single-channel problem
» three-dimensional problems

izt « Expansion near any complex E
generalization > * N-channel problem

e 2D-problems

Present work



Single-channel problem V(r) — 0  exponentially
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Spectral points

fe (k) = 0

Bound
states

Imk

resonances

bound states { I
Rek
0 ®
) . ® ®
o virtual ®
mirror state resonances
Zeros //
/ ®
/'//
/ °
o °
r.f"zr{j
/ sub-threshold
O resonances ReFE =0
o) °

fe(in/out)(k) N féin/OUt)(E)

k =

2mkE
;2



How can we calculate the Jost functions for a given potential ?

w(B,r) — fi" (B (kr) + £ (B)hP (kr)
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IFactorization of the branching point

fg(in)(E) and j}(om)(E) are NOT single valued functions of E
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because they involve ODD POWERS of k = =&
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Absolutely convergent power-series expansions
for the

Riccati-Bessel and Riccati-Neumann functions
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Numerical example
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25 terms In the expansion
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Multi-channel problem
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(hfg’(klr) 0 0 \
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; (—)
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spherical
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Scattering Spectral points

S(E) = fu)(E) [Jc(in)(E)}—l det fM(E,) =0
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Riemann surface
kn,=*\/—(E — E,) , n=1,2

Schematically shown interconnections of the layers of the Riemann
surface for a two-channel problem at three different energy intervals.
The layers correspond to different combinations of the signs (indicated

In brackets) of Ty g, and Im k-,

(++)
(—+)
(=)

FE < E; Fi < E < Es E > E,
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In the present work, we construct the Jost matrices in such a way that in their
matrix elements the dependences on odd powers of all channel momenta are
factorized analytically

Matrices a(E) and b(E) are
asymptotic values of solutions of a
system of differential equations
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- |
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Example

Two-channel model

Im E -
§ Re FE
r—v—v—|—v—v—v—v—‘—v—v—v—v—‘—v—r'r'|":'||||j|h||‘

vor= (3

_7.5
X rle="
7.5 )

p1 = pg = he =1

FE{ =0and E; = 0.1
b, = £y = 0.

I
-2.314391 0
-1.310208 0
-0.537428 0
-0.065258 0

4. 768197

0.001420

7.241200

1.511912

S 171217

6.508332,
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ImFE

expansion

0.02

0.01 :*’\V/’__,,~

4.765

4.775

S-matrix poles

Re E
E. I
-2.314391 0
-1.310208 0
-0.537428 0
-0.065258 0
4.768197 | 0.001420

7.241200

1.511912

8.171217

6.508332




o(l — 2)
expansion

0.5 0.05

0.3 - T TTTTTT]

4.765 4.775

0.2

0.1

23



o(2 — 2)

[ ¢

expansion
|

1.5

1.0

0.5 -

4.765

4.775
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ImFE

Eog=5-4+10 M =15
1
3
0 ~ —1
—1

First resonance

— Expansion (M=5): E =4.768178-10.000686
Exact value: E =4.768197-i10.000710
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Re F

Two resonances

v

; E =7.241200 -i0.755956
- : E =7.131204-i0.768670
ImFE

E = 8.241795 - i2.982867
E = 8.171217 - i3.254166




Two-dimensional problem
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we(Byr) — f " (BYy ) pp(kr) + £ (B)E) 5 (k)

hP (2) = ja(z) £ iya(2)

For half-integer A, the Riccati-Neumann function has
logarithmic branching point

27



yr(kr) = k_)\Zkanfj)(T)+h(k)jA(kT) Half-integer \
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((EB) = < {aB) + kP h(k) - ilb(B) |

N = N =

{
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Single-valued,
< analytic
functions of E
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r=-- T T -~ T H
a(E) = o, (E — Eg)™ | Possible
) nz::(] ( 2 i applications
1
1
= = . 1 | Semi-analytic expression for the S-matrix
b(E) = Z Bn(E — Eo)™ | y P
1
1

_______________________ Locating resonances

Moving a resonance to a given point F,

Fitting experimental cross-section and thus extracting
the resonance parameters from experimental data




SUMMARY

odd powers of the channel momenta in the
Jost matrices are factorized

for the remaining energy dependent factors,
a system of differential equations is obtained

these energy dependent functions are
expanded in power series

the expansion coefficients are determined by
a system of differential equations



	Slide Number 1
	Slide Number 2
	Slide Number 3
	Slide Number 4
	Slide Number 5
	Slide Number 6
	Slide Number 7
	Slide Number 8
	Slide Number 9
	Slide Number 10
	Slide Number 11
	Slide Number 12
	Slide Number 13
	Slide Number 14
	Slide Number 15
	Slide Number 16
	Slide Number 17
	Slide Number 18
	Slide Number 19
	Slide Number 20
	Slide Number 21
	Slide Number 22
	Slide Number 23
	Slide Number 24
	Slide Number 25
	Slide Number 26
	Slide Number 27
	Slide Number 28
	Slide Number 29
	Slide Number 30
	Slide Number 31

