Does a rotation by an energy dependent overall phase
change the pole-positions in a partial wave?

- Some formal aspects -

Yannick Wunderlich,
work done in collaboration with Alfred Svarc

HISKP, University of Bonn

February 2016




L-+P-parametrization and energy dependent overall phase

> (/ovwﬁial&f Pm&a@ (W SYY) T = vwathi,x» - (Q(vw%f T (W? i @l’r

Q.\(WLV»\,F& Vgl Lt T4 LA p arawetniz ation :

La)

T(w = __L_

zri Wil

'tper({y

> For redd We el

TWe) =(Twel| e

. , eé & w) s %l\r&\,\

on the vweal axis as:

tbtwe)  Tlwy)
R AT

Chwy)
!

+

b Cw)

g_'___J

18 Lm?mui o@ Piet arimen - @mv’tlvws
PN P | LTI  Bov)= chzwr

o<+\{xL -w/ w=pr

\
: Cocal A&(,\’iyﬁ&im“

Imt\«/]
real axis, phase Ruovn
j e i
= LA " Relud
Wj
h % (Coeat) !
o ;
~ s Lk
o Lo ?0&5 Ch,\l'(zr\—/
Lae %—‘v\ll/
T Bt o




Toy model
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Toy model - plot
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Central question

P Question: (wotivated by ALQeed's results)
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Analytic continuation of phase rotation function

D Does  Comtinuation D’e Flw) exist ;

D Cdm,wu{ zé,w;{ N PQU»%" CMP&X‘ V\/MLC\"S \J\_/ ijc() Q»i(t(w"): ‘T(w")]

1/

T (we)
Siwee | TCw)( (68 wow - Maﬁwﬁc,!
L) _HM Owe cam (at Zeast N AT e
ku.mch{r/waq% ) %ha_ S FMA
an &“d&kzc @w{;tw E(w) ; e'L K @J. LNA»QK-’&L
o & i and
\Ar'gwtﬂh ow \Ac real 04 @1(1) =(li(t)mn
gust Wappens " Lo be eq,zu,Q o> L=t
b et TCm ] a

il (Wr‘)
b This Flw) showld be wmigue

Commedk: Tdaes w. ACS?MLM relokions written but wot et P(A&% calealated ,



Phase rotation function e~
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Phase rotation function e~

id(W,)

on the real axis

Re[Exp(-i¢)]

Re[Exp(-i¢)]

Full energy range (including branch points):

_0.5F
-0.6f
0.7}k
-0.8f

-0.9¢

of

-
N
w
g
a
(o]

W[GeV]

=

Im[Exp(-i¢

-0.5
-0.6
-0.7
-0.8
-0.9

W[GeV]

Range between branch points where continuation is done:

-0.5¢
—0.6!
-0.7¢
—-0.8!

-0.94

1.0

15 20 25 30 35 40
W[GeV]

Im[Exp(-i@)]

-0.5
-0.6
-0.7
-0.8

-0.9

1.0

15 20 25 30 35 4.0
W[GeV]



Ansatz for numerical analytic continuation
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Results for the phase close to the real axis

Re[F(W)]

Im{F(W)]

Dependence on Re [W] for fixed Im [W]:
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Results for the phase close to the real axis

Re[F(W)]

Re[W] = 1100 MeV/

Dependence on Im [W] for fixed Re [W]:
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Results for the phase further into the complex plane

Dependence on Re [W] for fixed Im [W]:
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Problem: Numeric analytic continuation is not stable!
Cf.: [C.L. Fu et al., “A simple regularization method for stable analytic continuation”,
Inverse Problems 24, 065003 (2008)]



Results for the phase further into the complex plane

Re[W] = 1100 MeV/

Dependence on Im [W] for fixed Re [W]:
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Obtained function still OK at pole positions
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Proof of pole position invariance |
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Proof of pole position invariance |l
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Does this work for the Toy model function?
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Rotated Toy model functions for A = 0.99

Non-rotated T (W):
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Problems
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Issue of angular dependent overall phase |
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Issue of angular dependent overall phase Il
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Omelaenko’s warning about angular dependent phase

The large amount of experimental information which
is needed for the complete experiment does not allow
one, however, to obtain values of partial amplitudes
(' 2 from model assumptions, In fact, in a complete

experiment the amplitudes F; are determined with
accuracy to the transformation
PU(EL 0) ~oxp (i3 (1, 0)) F.(E,0), | ! .'

where @(E_, 6) is an independent real function. By
choosing @(E,, 6) one can vary the angular distributions
of the amplitudes F;, although the observables remain KL/@(,
unchanged, Going over then to multi i 3
one obtains as a result various sets of partial ampli-
' tudes differing both in the number of excited waves and *’%”‘N-‘-ﬂ
in their magnitudes.
In a multipole analysis with Ls L the uncertainty in
-the phase manifests itself as an ambiguity in the
choice of L. In the amplitude corresponding to the
solution with some L one can also introduce a phase
depending arbitrarily on angle, and the number of
terms in the multipole expansions then changes. - H
Having this in mind, obv,i‘zugly it is expedient to use the ' Warnmg written on
[Omelaenko (1981), page 6]

smallest value L for which one achieves a descrip-
tion of the experimental data.



