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What we are going to do: Identify poles




What we are going to do: Try to identify poles
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What we are going to do: Try very hard to identify poles
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1) Padé approximants and the Schlessinger Point Method (SPM)

» comparison of different methods:
single-point Padé, multi-point Padé, SPM

» analytic continuation to the complex plane

I1) Application to experimental data

» setting up a suitable SPM algorithm
» benchmark on models for S-wave J/1) — y7'7° data

» application to BESIII data

I11) Summary and outlook
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Padé approximants
and

the Schlessinger Point Method (SPM)



Single-point Padé

We want to describe a function f(z) in terms of a rational R™(x) = Pp(z) 1;) e
function, i.e. the Padé approximant of order [m/n]: 1+ Qn(x) 14 by
j=1

The coefficients a; and b; are obtained from derivatives of f(x) at a single point, e.g. at z = 0:
f(@) = Prn(z) — f(2)Qn(x)
f'(@) = P(a) = f'(2)Qn(x) — f(2)Q(x)
f'(@) = Pp(@) = f7(2)@Qn(x) — f(2)Qn(z) — 2f (2)Qu(2)

[G. A. J. Baker, Essentials of Padé Approximants, Academic Press, Cambridge, Massachusetts, 1975]
[P. Dimopoulos et. al. (C. Schmidt), Phys. Rev. D 105, 034513 (2022)]



Single-point Padé

; f(x) = co;(x)

Example: 2t
input point
Find the Padé approximant of order 1l
[m/n] = [2/3] of f(x) = cos(x):
2o

R2(:L’): a0+alx+a2x2
3 14+bix+byx?2+0b3x3 1t

We need up to the m + n = 5th derivative of

f(z) at z = 0 to fix all coefficients! 4 2



Single-point Padé

Example:
Find the Padé approximant of order

[m/n] =[2/3] of f(x) = cos(x):

- a0+a1m+a2m2
o 14+bix+byx?2+b3x3

Rj(x)

We need up to the m + n = 5th derivative of
f(z) at z = 0 to fix all coefficients:

1—0.4167 22
1+ 0.083322 + 03

Rg(x) =~

; f(x) = co;(x)

single-point Padé

-2t

10



Multi-point Padé
. . . . > aixt
We want to describe a function f(z) in terms of a rational R () P () i~
n (L) = = o
function, i.e. the Padé approximant of order [m/n]: 1+Qn(z) + 3 by
j=1

The coefficients a; and b; are obtained from function values and derivatives of f(x) at multiple points
Pr(z1) = f(21)@n (1) = f(z1)
Pr(z1) = f'(21)Qn(21) = f(21)Qn(21) = f'(21)

Pm($2) - ($2)Qn(m2) = f($2)
Pr(x2) — f'(22)Qn(x2) — f(22)Qn(22) = f'(x2)

~

Pr(zn) — f(zn)Qn(zN) = f(oN)
P (xn) — f'(zn)Qn(zn) — f(zn)Qn(zn) = f'(zN)

[G. A. J. Baker, Essentials of Padé Approximants, Academic Press, Cambridge, Massachusetts, 1975]
[P. Dimopoulos et. al. (C. Schmidt), Phys. Rev. D 105, 034513 (2022)]

11



Multi-point Padé

Example:

Find the Padé approximant of order
[m/n] = [2/3] of f(x) = cos(z):

R2(i17): a0+alx+a2x2
3 14+bix+byx?2+bsx3

We use function values and first derivatives
at three different points to determine all

coefficients.

[ — f(x) =co;(x)




Multi-point Padé

Example:
Find the Padé approximant of order

[m/n] =[2/3] of f(x) = cos(x):

o a0+a1x+a2x2
o 1+bix+byz?2+b3as

Rj(x)

We use function values and first derivatives

at three different points:

1+ 0.143 2 — 0.497 22

Rj(z) =
1+0.140x + 0.0194 22 4+ 0.0374 23

; f(x) = co;(x)

single-point Padé

—— multi-point Padé |

-2t

13



Schlessinger Point Method (SPM)

Given a finite set of IV data points (z;,y;) we construct the rational interpolant p(x)/q(x) with polynomials
p(z) and g(z) that is given by the continued fraction

p(a)/a(x) = O () = P P
1+ 1 1
1+ az(x — x2)

EaN71(1’ - IN—I)

y1/y2—1

where the coefficients a; are given recursively by a; = and

o — 1 (1 n ai—1(Tit1 — Ti—1) ai—2(Tiv1 — Ti—2)  ar(@iy1 — x1)>

1+ 14 C1- yl/yi+1

Ti — Ti41

The polynomials (p(x), g(x)) are of order (N/2 — 1, N/2) for an even number of input points and
of order ((N —1)/2, (N — 1)/2) for an odd number of input points

[L. Schlessinger, Physical Review, Volume 167, Number 5 (1968)]
[R.W. Haymaker and L. Schlessinger, Mathematics in Science and Engineering, Volume 71, Chapter 11 (1970)]
[H.J. Vidberg and J.W. Serene, Journal of Low Temperature Physics, Vol. 29, Nos. 3/4 (1977)]



Schlessinger Point Method (SPM)

Example:
Find the SPM interpolator of f(z) = cos(x)

using 6 input points:

. ao+a1x+a2x2
o 14+bix+byx2+0b3a3

Cﬁ (.73)

>

f(x) = cos(x)
input points

15



Schlessinger Point Method (SPM)

D B f(x) = cos(x) —— multi-point Padé |
Example: single-point Padé — SPM
Find the SPM interpolator of f(z) = cos(x) ' / Q&Q\ ]
using 6 input points: o /
1—0.0011z —0.412°
Cs(x) =~ -1t
14 0.00027 z + 0.11 22 + 0.0032 23
-2r
2 -2 0 2 4

> Gives the same result as multi-point Padé when only using function values (no derivatives) and choosing
the corresponding order of polynomials (e.g. [2/3] for 6 input points)!



Identifying branch cuts with the SPM

4 : : : : :
Example: — f(x) = sart(x)
3 —— SPM
We construct the SPM interpolator of
f(z) = /x using 15 input points: 2
_ 1
» branch cut shows up in the SPM E
interpolator as a series of poles! 0
» the location of the branch point -1
is given by the first pole 2
-3

-3 -2 -1 0 1 2 3



Applications of the SPM

Complex poles from data and fits Comparison of reconstructions Analytic structure from DSE/lattice
1000,
15 Counting frequency
—290 100} 1o s 10
=295 10 — 05 0.8
= & =
= > 3 0.6
<5 ~300 8 1 / F == v
= a | R 0.4
E 0.100 =05
—305 - 0.2
-1.0 - -
0.010 i .
=310 —15
. . . . . 0.001 p p
440 445 450 455 160 0 200 400 600 800 1000 —2. -1 0. 1 2.
Re[\/S,] [MeV] w [MeV] Re ¢? [GeV?
[R.-A. T., I. Haritan, J. Wambach, N. Moiseyev [R.-A. T., P. Gubler, M. Ulybyshev, L. v. Smekal, [D. Binosi, R-A. T.,

Phys. Lett. B 774, 411-416 (2017)] Comput. Phys. Commun. 237, 129-142 (2019)] Phys. Lett. B 801, 135171 (2020)]




Simple example: f(x) =«

For N = 2 input points:

» since NN is even, the resulting rational
interpolant will be of order
(N/2-1,N/2)

» for N = 2 we expect

_pE) _  po
Cn(2) = ) @+aqx

f(x)

10}

f(x) = x
L] Input
5,
0
-5F
—10L i
-10 -5 10

19



Simple example: f(x) =«

For N = 2 input points:

» since NNV is even, the resulting rational
interpolant will be of order
(N/2—1,N/2)

» for N = 2 we expect

p(x) Po
Cn(z)=="~=—"—
~(@) 9z) wtaz
» the resulting SPM interpolator is given
by

1.2

On(@) = 1022

10" I’
f(x) = x |
Input ”
5 = SPM /
fmmmm—————
Pl
//
_5¢ /
I
I
-10L | i
-10 -5 5 10
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Simple example: f(x) =«

For N = 3 input points:

» since N is odd, the resulting rational
interpolant will be of order (N/2, N/2)

» for N = 3 we expect

px) po+piz
C = ——=
v (@) q(z) q+aqz

f(x)

10}

f(x) = x
L] Input
5,
0
-5F
—10L i
-10 -5 10

21



Simple example: f(x) =«

For N = 3 input points:

» since N is odd, the resulting rational
interpolant will be of order (N/2, N/2)

» for N = 3 we expect

px) po+piz

Cnle) = qz) @+aqz

» for exact data, the linear function is
recovered, i.e. ~ x/1

» if we add noise of the order of
O(107"%) we get, e.g.,

1.81-107 " + &

T1-1m-10 5z "

CN(Z')

10f"
f(x) = x
o Input

5[ == SPM

0
_5f
-10L ]

-10 -5 10
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Simple example: f(x) =«

For N = 4 input points:

» since N is even, the resulting rational
interpolant will be of order
(N/2 —1,N/2)

» for N = 4 we expect

CN(ZE):M_ p0+p1$

q(z)  q+qz+ g’

10f°
f(x) = x
Input
5
0
-5
-10 1
-10 -5 10

23



Simple example: f(x) =«

For N = 4 input points:

>

Cn(x)

since N is even, the resulting rational
interpolant will be of order
(N/2—-1,N/2)

for N = 4 we expect

On(z)=P®) . potmez

() qo+qx+qea?

however, for exact data, the linear
function is recovered, i.e. ~ z/1

if we add noise of the order of
O(10715) we get, e.g.,

_ -32-107" 4+ ¢
T 141210042 —1.3-10-1522

10f°
f(x) =x
° Input
5 ——— SPM
0
-5
-10 5
-10 -5 10

24



Breit-Wigner function

We use a Breit-Wigner function of the form

A
(22 — M2)2 + 42 M?

f(z) =
with parameters A =100, M =4, vy =2

For N = 14 input points we expect

2.0

f(x)
Input

25



Breit-Wigner function

We use a Breit-Wigner function of the form

A

f(x) = (22 — M2)2 4+ 42 M2

with parameters A =100, M =4, vy =2

For N = 14 input points we expect

with noise of the order of @(107*%) we get,
eg.,

CN(l’) ~

2.0

1.5

Z10

0.5

f(x)

0.0
0

0.313—- 0224 0.042% — 0.0032% — 1074 2* + 10716 2% + 10717 2

T 1-07z+0.0422 +0.0623 — 0.01 2% — 0.001 25 + 0.0004 5 — 0.00002 z7

— artificial poles (e.g. at z ~ 2.3) in denominator cancel with zeros in numerator!

26



Breit-Wigner function

SPM

as an extrapolation:

evaluate Cy(z) outside the input
range

describes Breit-Wigner function well
for precise data!

2.0

f(x)

10

27



Breit-Wigner function

Analytic continuation:
» evaluate SPM interpolation function Cn(z) for complex arguments: x — = + iy

» describes Breit-Wigner function well for precise data!

exact SPM

f(x+iy) C(x+iy)

2
0
0

28



Breit-Wigner function with

noise

We now add noise of @(107") to the same
Breit-Wigner function of the form

A
(22 — M?)2 + 2 M2

flz) =
with parameters A =100, M =4, vy =2

For N = 14 input points we expect

2.0

f(x)
Input

29



Breit-Wigner function with noise

2.0
We now add noise of O(107%) to the same

Breit-Wigner function of the form
A
(22 — M2)2 + 42 M2
with parameters A =100, M =4, vy =2

flz) =

For N = 14 input points we expect

N
S

=
8

N

Cn(x) = %

~

) O

T
xT

f(x)

and get, e.g.,

0.345 — 0.6z + 0.3 22 — 0.1 23 + 0.01 z* — 0.001 z° + 0.00003 2°
CN(JZ) ~

T 1-19z+ 1322 — 0523 +0.12* — 0.0225 + 0.001 25 — 0.00005 z7

— artificial poles in denominator no longer cancel perfectly, but they appear randomly!

30



Breit-Wigner function with noise

Analytic continuation to the complex plane:
» main “particle” poles are slightly shifted by the noise but still clearly visible

» artificial poles can be identified due to their random location

f(x+iy)

31
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Application to experimental data
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S-wave J/1 — yw’=® data from BESIII

» results show three peaks above 1 GeV, likely
associated with fo(1500), fo(1710) and f,(2020)

> together with the fo(1370) they are the main
candidates for the lightest glueball

> process contributing to J/v — yr°n%:

J/b T T

[M. Ablikim et al. (BESIII Collaboration), Phys. Rev. D 92, 052003 (2016)]

15000[ ] ﬂ
E 10000} + #ﬁft #W
;o n %
) ﬁﬁ% WM
15 oy 20

intensities for the 071 amplitudes as a function of M (7o7g)

[JPAC Collaboration: A. Rodas, A. Pilloni, M. Albaladejo, C. Fernandez-Ramirez, V. Mathieu, A. P. Szczepaniak, Eur.Phys.J.C 82, 80 (2022)]

[D. Binosi, A. Pilloni, R-A. T., Phys. Lett. B 839, 137809 (2023)]
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Models

S- and D-wave intensities and relative phase of
J/tp — yr°n® and — YK 3K were parametrized by

JPAC based on the coupled-channel N/D formalism <103
(using unitarity and dispersion relations): 16% i S-wave
) 14-
1(s) = Nopi [a? (9)| 5 12
= 10
J J J Tt 2 8
al (s) = E- p; Zk:nk ) [0 2 o
o 4
po=fs—dmij2 By = (md, - 5)/(2V5) 2
_ 0F =
with ¢ = 7 or KK and the invariant mass squared s. B T A R T Y}

The resulting 5 models (A-E) contain either 3 or 4 s (GeV)

poles and sometimes an additional branch point at
FE = 1.52 GeV from the stable pp channel.
[JPAC Collaboration: A. Rodas, A. Pilloni, M. Albaladejo, C. Fernandez-Ramirez, V. Mathieu, A. P. Szczepaniak, Eur.Phys.J.C 82 (2022) 1, 80]

[D. Binosi, A. Pilloni, R.-A. T., Phys. Lett. B 839, 137809 (2023)]

[J.R. Pelaez, Physics Reports 658 (2016) 1] 34



Statistical SPM

Intensity [a.u.]

Intensity [a.u.]

data from model A

points with random errors

150001 5) ° ° D]
° 3
20 20
o > 8
10000[ Po & ° i
4 * O ®o
29 w
S P o
° D o o
5000/ a, > m% ]
D ) Qdﬁ%
L]
a
» > i
o ]
150001 ¢) s DisT d) I cu
» 2 |
9 \ 1
* o o \
10000 ° ® 1 B
o o o |
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5000 ° ’ N
F o 1
: R i I\
o
™,
K Yhal )\ H A
°d ot
of, ‘ ‘ 5 ‘ | [
0 15 20 25 10 5 2.0 25
E/GeV E/GeV

selecting 50 points randomly

SPM interpolation

[D. Binosi, A. Pilloni, R-A. T., Phys. Lett. B 839, 137809 (2023)]

Im E/GeV

SPM poles
0.10
e) x
=
0.05
o
o o
0.00{-6-4—0-¢ +—o 00—
@ o ')
L)
-0.05
1]
-0.10 e e
1.0 15 2.0 25
Re E/GeV
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Im E/ GeV

100,000 runs: separating signal from noise

629,774 SPM poles from 100,000 runs increase transparancy morphological pattern recognition final signal pole clusters

T

c) i d i
1.8 22 26 1.0 1.4 1.8 2.2 26 1.0 1.4 1.8 22 26
Re E/ GeV Re E/ GeV Re E/ GeV Re E/ GeV
» step l: increase transparency
» step 2: use morphological pattern recognition

(e.g. with Mathematica: MorphologicalBinarize and Morphological Component)
» step 3: ignore ‘horizontal’ noise clusters close to real axis
» final signal pole clusters contain e.g. 50,000 poles which can be used to compute the standard deviation
» on average, the number of signal poles is ~ 20% of all poles

[D. Binosi, A. Pilloni, R-A. T., Phys. Lett. B 839, 137809 (2023)]
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Validation of the method - Model A - exact data

15000+

10000~

Intensity [a.u.]

5000

> stars denote exact pole locations (red: model artifact)

Im E / GeV

-0.06}
*
*
-0.08}
-0.10} w
-0.12}
#*
-0.14}
1.0 15 2.0 25
Re E/ GeV

> all poles are correctly identified for exact data (i.e. data without uncertainties)!

» noise poles are almost exactly canceled by corresponding zeros in numerator

[D. Binosi, A. Pilloni, R-A. T., Phys. Lett. B 839, 137809 (2023)]
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Validation of the method - Model A

» stars denote exact pole locations

» different colors correspond to
different numbers of input points
for the SPM (M = 20, ...,60)

» 3 rows correspond to different
amount of full experimental
errors: 10%, 33%, 100%

» ellipses indicate 1o (i.e. 68%)
confidence regions

Im E/ GeV Im E /GeV

Im E/ GeV

-0.02
-0.04
-0.06
-0.08
-0.10
-0.12
-0.14
-0.02
-0.04
-0.06
-0.08
-0.10
-0.12
-0.14
-0.02
-0.04
-0.06
-0.08
-0.10
-0.12
-0.14

— M=20 — M=30 — M=40 —M=50 __ . o
—_— M=25 =—— M=35 M=45 == M=55 B
=D
>
140 142 144 146 168 170 1.72 1.74 176 196 198 200 202
Re E/GeV Re E/GeV Re E/GeV

[D. Binosi, A. Pilloni, R.-A. T., Phys. Lett. B 839, 137809 (2023)]

33% exp. error 10% exp. error

Full exp. error
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Validation of the method - Model A

Model A — M=20 — M=30 — M=40 — M=50

10% exp. error

33% exp. error

Full exp. error

— M=25 — M=35 M=45 — M=55 __ M=80
15000 -0.06, -0.02
#
a) ++ b) * pe -0.04 °)
>
—_ + + 4 -0.08, & 008 @
E
3 o000 + t L B o oo
> } Ly g # £ 010
3 o E
s it £ -0.12
£ 000 W T o -014
~ -0.02
0.14] -004
of e 3
10 5 20 25 10 5 20 25 & -006
E/GeV Re E/GeV o 008
£ -0.10
-0.12
1st pole (GeV) 2nd pole (GeV) 3rd pole (GeV) ~0.14
Exact 1.44426 - 10.06460 1.73160 - 10.09773 1.96864 - 10.07271 o2
-0.04
>
10% exp. error 1.4464(68) - i 0.066(7) 1.731(11) - 10.092(11) 1.986(16) - i 0.088(20) & 008
~ -0.08
w
33% exp. error 1.447(11) - i0.067(12) 1.728(17) - 10.089(17) 1.984(14) - 0.089(20) £ -0.10
-0.12
Full exp. error 1.444(16) - 10.063(17) 1.728(21) - 10.073(19) 1.988(20) - /0.074(22) o1
1.40 1.42 1.44 1.46 168 1.70 1.72 174 1.76 196 198 200 202

Re E/GeV Re E/GeV Re E/GeV

» all physical poles are correctly identified!

[D. Binosi, A. Pilloni, R.-A. T., Phys. Lett. B 839, 137809 (2023)]



Validation of the method - Model B

Model B — M=20

— M=25

— M=30
— M=35

— M=40
M=45

— M=50

— M=55 — M=60

15000 5)

10000}

5000

Intensity [a.u.]

Im E/GeV
s
iy

jAg

15 2.0 25

1st pole (GeV)

2nd pole (GeV)

20 25
Re E/GeV

3rd pole (GeV)

>
©
O

E

>
©
(o]

E

-0.05
-0.10
-0.15
-0.20
-0.25
-0.30
-0.05
-0.10
-0.15
-0.20
-0.25
-0.30

>

c)

>

@

Exact

1.44708 - i0.03478

1.80350 - 10.09319

2.06863 - /0.26320

10% exp. error

1.4461(64) - 10.0351(62)

1.811(12) - 10.088(11)

2.044(31) - 10.172(27)

33% exp. error

1.4459(97) - 1 0.0366(95)

1.810(20) - /0.083(17)

2.016(31) - 10.138(27)

Full exp. error

1.444(16) - 10.039(15)

1.810(34) - 10.063(19)

2.000(33) - 0.096(30)

>
©
(o]

ImE

-0.05
-0.10
-0.15
-0.20
-0.25
-0.30

(@)}»

Yr

» model B turns out to be the most difficult for the SPM

140 1.42 144 146 1.48 150
Re E/GeV

175

180 185
Re E/GeV

» third pole is not identified correctly for large errors (too deep in the comlex plane)

[D. Binosi, A. Pilloni, R.-A. T., Phys. Lett. B 839, 137809 (2023)]

1.9C 1.90 1.95 2.00 205 2.10 2.15

Re E/GeV

33% exp. error 10% exp. error

Full exp. error
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Validation of the method - Model C

Model C — M=20 —M=30 — M=40 — M=50 __ ., g
— M=25 — M=35 M=45 — M=55 B
15000
a) 000t b) F 005 c)
> @
3 3
3 10000 3 -005 w o 010
2 = E
2 v * T os
E 5000 £ om0
- *
0 -0.15 > 005
1.0 1.0 1.5 2.0 25 8
Re E/GeV W 010
E
-0.15
15t pole (GeV) 2nd pole (GeV) 31 pole (GeV)
Exact 1.44876 - 10.04783 1.76273 - i0.06952 2.08506 - i0.11710
-0.05
>
10% exp. error 1.4490(68) - /0.0488(69) 1.7625(80) - /0.0676(75) 2.076(17) - i0.120(18) 3
‘ W 010
33% exp. error 1.448(12) - i0.052(13) 1.761(16) - 10.067(15) 2.065(29) - i 0.113(30) £
-0.15

Full exp. error

1.445(17) - 10.051(17)

1.759(21) - 10.059(17)

2.050(30) - /0.085(29)

» branch cut does not affect the pole

» all poles are identified correctly

reconstruction

[D. Binosi, A. Pilloni, R.-A. T., Phys. Lett. B 839, 137809 (2023)]
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Validation of the

method - Model D

Model D
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» third and fourth pole seem to be reconstructed as a single “average” pole

» as the error increases the signal of the fourth pole faints and the correct position of the pole is recovered

[D. Binosi, A. Pilloni, R.-A. T., Phys. Lett. B 839, 137809 (2023)]



Validation of the method - Model E

Model E — M=20 —M=30 — M=40 — M=50 __ ., g
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» branch cut does not affect the pole reconstruction

> poles are correctly identified for even values of M (i.e., the

[D. Binosi, A. Pilloni, R.-A. T., Phys. Lett. B 839, 137809 (2023)]
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S-wave J/1 — yw’=® data from BESIII

» results show three peaks above 1 GeV, likely
associated with fo(1500), fo(1710) and f,(2020)

> together with the fo(1370) they are the main
candidates for the lightest glueball

> process contributing to J/v — yr°n%:

J/b T T

[M. Ablikim et al. (BESIII Collaboration), Phys. Rev. D 92, 052003 (2016)]
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intensities for the 071 amplitudes as a function of M (7o7g)

[JPAC Collaboration: A. Rodas, A. Pilloni, M. Albaladejo, C. Fernandez-Ramirez, V. Mathieu, A. P. Szczepaniak, Eur.Phys.J.C 82, 80 (2022)]

[D. Binosi, A. Pilloni, R-A. T., Phys. Lett. B 839, 137809 (2023)]
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Application to BESIII data: results
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[D. Binosi, A. Pilloni, R-A. T., Phys. Lett. B 839, 137809 (2023)]
[JPAC Collaboration: A. Rodas, A. Pilloni, M. Albaladejo, C. Fernandez-Ramirez, V. Mathieu, A. P. Szczepaniak, Eur.Phys.J.C 82, 80 (2022)]
[Bonn-Gatchina: A. V. Sarantsev, |. Denisenko, U. Thoma, E. Klempt, Phys. Lett. B816, 136227 (2021)]
[S. Ropertz, C. Hanhart, B. Kubis, Eur. Phys. J. C78, 1000 (2018)]
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Application to BESIII data

Pole positions obtained from different data analyses (in MeV):

SPM (this work) JPAC Bonn-Gatchina Ropertz et al.
fo(1500) | (1449 £ 24) — (100 £ 32)/2{(1450 £ 10) — #(106 £ 16)/2| (1483 £ 15) — (116 £ 12)/2| (1465 + 18) — (101 + 20)/2
Fo(1710) [ (1763 £ 23) — i(104 £ 34) /2] (1769 £ 8) — i(156 + 12)/2 | (1765 £ 15) — i(180 & 20)/2 /

/2

£0(2020) | (1983 £ 31) — (143 4 54)/2| (2038 & 48) — (312 + 82)/2 p

(1901 = 41) — (401 + 76) /2

( )
( ) )
(1925 + 25) — i(320 + 35)
(2075 + 20) — §(260 + 25)

> extracted poles (likely associated with fo(1500), fo(1710) and fo(2020)) in good agreement with
literature

> other determinations include information from other channels, SPM only uses J/v¢ — vn°7° datal

[D. Binosi, A. Pilloni, R-A. T., Phys. Lett. B 839, 137809 (2023)]

[JPAC Collaboration: A. Rodas, A. Pilloni, M. Albaladejo, C. Fernandez-Ramirez, V. Mathieu, A. P. Szczepaniak, Eur.Phys.J.C 82, 80 (2022)]
[Bonn-Gatchina: A. V. Sarantsev, |. Denisenko, U. Thoma, E. Klempt, Phys. Lett. B816, 136227 (2021)]

[S. Ropertz, C. Hanhart, B. Kubis, Eur. Phys. J. C78, 1000 (2018)]
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Summary and Outlook

We presented a data-driven method for the determination of complex poles associated to resonances
from experimental data:

> based on the Schlessinger Point Method (SPM) which interpolates a given data set by a
continued-fraction expression

» analytic continuation to the complex plane allows to study pole structure

> SPM represents a ('model-independent’) analysis technique for the determination of complex poles

Qutlook:

> extension to coupled-channel datasets (S- and D-wave for J/¢ — yn7% and J/¢ — yK3KY)
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