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Confusions: the good, bad, and the ugly side
• Having confusions implies someone has dedicated time to study from a particular 

perspective. 

• As I will discuss, we have new data sets being reported on the multistrange sector.  

• It could, of course, simply be our problem.  

• But I can give a talk and get help from the experts here. 

• Or perhaps… 

•  I can motivate some of you to become confused as well. 

• Now, the ugly side? 

• Well, there isn’t any! If the problem is interesting enough to  get confused and we have 
experts around:
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This is good!
That could be bad!

This is good!

 I would say: We are good!



Let’s begin!

• Belle: 
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process is taken into account, and these are coherently
added. We check the interference of the Ξð1690Þ0 to the S-
wave nonresonant process and the Ξð1620Þ0 by applying
the fit with the interference term, and it is negligible.
Figure 2(a) and 2(b) show the Ξ−πþL mass spectrum in the
signal region and the sideband region with the fitting result,
respectively. The χ2=ndf (where ndf is the number of
degrees of freedom) is 66=86. For the Ξð1620Þ0 and the
Ξð1690Þ0 resonance, fits are repeated by fixing each yield
to zero; the resulting difference in log-likelihood with
respect to the nominal fit and the change of the number
of degrees of freedom are used to obtain the statistical
significance. Taking the systematic uncertainties mentioned
later into account, the signal significance of the Ξð1620Þ0
is obtained to be 25σ. The statistical significance of the
Ξð1690Þ0 is 4.5σ. When the P-wave-only relativistic Breit-
Wigner function with fixed mass and width is used as
the fitting function, the significance is 4.0σ. When the S-
wave-only relativistic Breit-Wigner function with the
floated mass and width is used, the significance is 4.6σ.
We take the minimum value of 4.0σ as the significance
including the systematic uncertainty. The measured mass
and width of Ξð1530Þ0 are 1533.4$ 0.4 MeV=c2 and
11.2$ 1.5 MeV, respectively. The measured mass and
width of Ξð1620Þ0 are 1610.4$ 6.0 MeV=c2 and 60.0$
4.8 MeV, respectively. The mass resolution (σ) at
1600 MeV=c2 is 1.6 MeV=c2 as determined from the

MC simulation. The width of the Ξð1620Þ0 is 59.9 MeV
after incorporating this mass resolution.
We itemize the systematic uncertainties on the mass and

width of the Ξð1620Þ0 resonance in Table I. The mass scale
and width is checked by comparing the reconstructed mass
of the Ξð1530Þ0 in the Ξ−πþ channel with the nominal
mass. The differences of the mass and width are
−1.5 MeV=c2 and −2.7 MeV, respectively. We then gen-
erate and simulate Ξþ

c → Ξ%πþ, Ξ% → Ξ−πþ events and
analyze them by the same program as for the real data; the
mass scale is checked by comparing the reconstructed mass
of Ξ% with the generated mass. Here, the difference of the
mass is −0.2 MeV=c2 and the difference of the width is less
than the statistical error. The systematic uncertainties due to
the mass shapes of the Ξð1620Þ0 and Ξð1690Þ0 are obtained
by the fitting their masses and widths after switching each
to the P-wave relativistic Breit-Wigner function instead of
the nominally used S-wave form. Deviation from pure
phase space for the nonresonant contribution is possible,
and we estimate this systematic uncertainty by multiplying
the nominal phase-space distribution with a third-order
polynomial passing the kinematical lower bound of
MðΞ−πþÞ and refitting. The systematic uncertainty from
possible interference between the Ξð1690Þ0 and the non-
resonant component is estimated by comparing the fit
results with and without interference applied. The nominal
bin width of the mass spectrum is 3.0 MeV=c2. We
determine its systematic uncertainty by changing the bin
size from 2.5 to 3.5 MeV=c2 and refitting.
All of the above sources are uncorrelated, so the total

systematic uncertainties are calculated by summing them in
quadrature.
We refit the data using a function that excludes the

interference between Ξð1620Þ0 and the S-wave nonresonant
process. The χ2=ndf is 80=87, which is worse than the
nominal fit result (66=86). The refitted mass and width of the
Ξð1620Þ0 are 1601.2$1.5MeV=c2 and 63.6$8.7MeV,
respectively.
For the first time, the Ξð1620Þ0 particle is observed in its

decay to Ξ−πþ via Ξþ
c → Ξ−πþπþ decays. The number of

Ξð1620Þ0 events is 2 orders of magnitude larger than that in
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FIG. 2. (a) The Ξ−πþL invariant mass spectrum in the signal
region (points with error bars), together with the fit result (solid
blue curve) including the following components: Ξð1530Þ0 signal
(dashed red curve), Ξð1690Þ0 signal (dot-dashed pink curve),
Ξð1620Þ0 signal and nonresonant contribution (dot-dashed black
curve), the combinatorial backgrounds (dotted black curve). The
bottom plots show the normalized residuals (pulls) of the fits.
(b) The Ξ−πþL invariant mass spectrum in the sideband region
(points with error bars), together with the fit result (solid blue
curve) including the following components: Ξð1530Þ0 signal
(dashed red curve), and the combinatorial backgrounds (dotted
black curve).

TABLE I. Systematic uncertainties for the mass and the width
of Ξð1620Þ0.

Source Mass (MeV=c2) Width (MeV)

Mass scale −1.5 −2.7
Mass shape of Ξð1620Þ þ4.5 þ1.8
Mass shape of Ξð1690Þ þ2.3 þ1.7
Nonresonant contribution −2.3 þ0.3= − 3.8
Interference with Ξð1690Þ þ1.3 −5.2
Bin size $3.1 $1.3

Total þ6.1
−4.2

þ2.8
−7.1
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Ξ(1530)

Ξ(1690)

Ξ(1620)• : seen for the first time in the  spectrum, 25  

signal. 

•  Mass and width:  MeV and  MeV    

• Mass & width of   not provided (signal 4.5- 5  signal)

Ξ(1620) πΞ σ

1610 ± 6+5.9
−3.5 59.9 ± 4.5+2.8

−3.0

Ξ(1690) σ



Continuing …..

• Alice: CF from  collisionspp
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•  

•  

• Mass and width of :  MeV and  MeV    

•   added to the background.

C(p) = 𝒩 Cmodel(p) × B(p)

CK−Λ
model (p) = 1 + 0.51(CK−Λ

gen (p) − 1)

Ξ(1620) 1616.34+0.01
−0.05 12.0 ± 1.24

Ξ(1690)

Added through 
background

• Belle: :  MeV and  Ξ(1620) 1610 ± 6+5.9
−3.5 59.9 ± 4.5+2.8

−3.0



• More Alice: CF from  collisionsPbPb
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• ,  

• Resonance properties not available

CK−Λ
model (p) = 1 + λ(CK−Λ

gen (p) − 1) λ = 0.51

Continuing …..
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Continuing ….. • Belle: :  MeV and  

• Alice:  MeV and  MeV

Ξ(1620) 1610 ± 6+5.9
−3.5 59.9 ± 4.5+2.8

−3.0

1616.34+0.01
−0.05 12.0 ± 1.24

Phys.Rev.D 91 (2015) 9, 092006

BESIII

Phys.Rev.D 109 (2024) 7, 072008

4 TIMES LARGER STATISTICS

• NO SIGNAL of   is found!Ξ(1620) • AGAIN: NO SIGNAL of   is found!Ξ(1620)
 Ξ(1690)
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Continuing ….. • Belle: :  MeV and  

• Alice:  MeV and  MeV 

Ξ(1620) 1610 ± 6+5.9
−3.5 59.9 ± 4.5+2.8

−3.0

1610 ± 6+5.9
−3.5 59.9 ± 4.5+2.8

−3.0

Phys.Rev.D 91 (2015) 9, 092006

Phys.Rev.D 109 (2024) 7, 072008

arXiv:2604.27028

BESIII
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Continuing ….. • Belle: :  MeV and  

• Alice:  MeV and  MeV 

Ξ(1620) 1610 ± 6+5.9
−3.5 59.9 ± 4.5+2.8

−3.0

1610 ± 6+5.9
−3.5 59.9 ± 4.5+2.8

−3.0

LHCb
Sci.Bull. 66 (2021) 1278-1287

• NO SIGNAL of   is found!Ξ(1620)

Also mentioned by A. Feijoo, V. M. 
Sarti, J. Nieves, A. Ramos, and I. 
Vidaña, Phys. Rev. D 111, 014022 
(2025),

M = 1692.0 ± 1.3+1.2
−0.4 MeV, Γ = 25.9 ± 9.5+14.0

−13.5 MeV

BESIII



Vector meson-baryon dynamics and generation of resonances

K. P. Khemchandani,1,* H. Kaneko,1,† H. Nagahiro,2,‡ and A. Hosaka1,x

1Research Center for Nuclear Physics (RCNP), Mihogaoka 10-1, Ibaraki 567-0047, Japan
2Department of Physics, Nara Women’s University, Nara 630-8506, Japan

(Received 15 April 2011; published 22 June 2011)

The purpose of this work is to study vector meson-octet baryon interactions with the aim to find

dynamical generation of resonances in such systems. For this, we consider s-, t-, u-channel diagrams

along with a contact interaction originating from the hidden local symmetry Lagrangian. We find the

contribution from all these sources, except the s channel, to be important. The amplitudes obtained by

solving coupled channel Bethe-Salpeter equations for systems with total strangeness zero, show the

generation of one isospin 3=2, spin 1=2 resonance and three isospin 1=2 resonances: two with spin 3=2 and
one with spin 1=2. We identify these resonances with !ð1900ÞS31, N#ð2080ÞD13, N

#ð1700ÞD13, and

N#ð2090ÞS11, respectively.

DOI: 10.1103/PhysRevD.83.114041 PACS numbers: 14.20.Gk, 11.10.St, 11.30.Ly

I. INTRODUCTION

Recent interests in hadron physics have been largely
motivated by experimental observations of new states in
the resonance region which are not easily explained by the
conventional constituent quark model. The strong interac-
tions among the ground state mesons and baryons not only
affect their properties but also, in some cases, generate
resonances dynamically (examples of some of the recent
related works are Refs. [1–10]). Therefore, it is of great
importance to investigate these dynamical aspects based on
reliable hadron-hadron interactions.

In a quark picture, an energy of several hundred MeV
which is a typical scale of one quanta of orbital excitation
is sufficient to create a "qq pair, making multiquark com-
ponents in a hadron. If they further develop color singlet
clusters of ground state hadrons near their threshold, they
may form a loosely bound or resonant state provided that
sufficiently strong attraction is available. This is what we
expect microscopically for the dynamical generation of
resonances. A spin zero configuration of "qq forms a
JP ¼ 0% pseudoscalar meson, and is the basic building
block of, for instance, #ð1405Þ [11–13]. Similarly, the
JP ¼ 1% configuration giving a vector meson could also
be an element of certain baryon resonances as indicated in
Refs. [14–19]. However, while the pseudoscalar meson-
baryon interaction is well dictated by the low energy
theorems of spontaneously broken chiral symmetry, the
interaction of vector mesons and baryons are not fully
studied. This is one of the issues that we would like to
discuss in this paper.

It is known that the theory of the hidden local symmetry
(HLS) [20] can accommodate vector mesons consistently
with the chiral symmetry. In fact, the HLS model has been

shown to share many important aspects of low energy
dynamics. Furthermore, a recent holographic approach to
QCD has derived the extended HLS model where an
infinite series of the vector mesons emerges as a conse-
quence of the dynamics in the extra fifth dimension
[21,22]. This HLS model forms the basis of our study
The vector meson-octet baryon interaction has been

studied within the HLS by assuming a vector meson ex-
change in the t channel [19] [Fig. 1(a)] as the lowest order
amplitude and several baryon resonances have been found
as a result of solving the Bethe-Salpeter equation in the
coupled channel formalism. However, in Ref. [19] all
the states are found to be spin 1=2-3=2 degenerate since
the leading order interaction obtained from the t-channel
exchange is spin independent. This latter finding is differ-
ent fromwhat one would expect from the interaction of two
particles of similar mass and nonzero spin, just as for the

P2
P1P1

P2

(a)
(b)

(c) (d)

K1 K2

P1
P2

q

K1
K2

P1 P2

K1
K2

K1
K2

FIG. 1. Diagrammatical representation of the vector meson-
baryon interaction via a (a) t-channel exchange, (b) contact term,
(c) s-channel, and (d) u-channel exchange. The double lines in
these diagrams represent the vector mesons.

*kanchan@rcnp.osaka-u.ac.jp
†kanekoh@rcnp.osaka-u.ac.jp
‡nagahiro@rcnp.osaka-u.ac.jp
xhosaka@rcnp.osaka-u.ac.jp
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• Pseudoscalar-baryon, vector-
baryon coupled channel 
interactions
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• As Alberto mentioned in his talk…

+
+

+     ….

VB

PB

Let us try to see if our model can describe these data



More details
• Coupled channels:  

• We treat the regularization parameters (subtraction constants) as free parameters that can be varied 
to make a fit to the data. 

• The correlation function is calculated as 

 

• where the source function is taken as a sum of two Gaussians, following the ALICE Collaboration 
 with  and  

• And the weights are calculated as  using the fireball statistical model  

•

πΞ, ηΞ, K̄Σ, K̄Λ, ρΞ, ωΞ, ϕΞ, K̄∗Σ, and K̄∗Λ .

CK−Λ
gen (p) = = 1 + 4πΘ(qmax − p)∫

∞

0
dr r2𝒮(r, R){∑

j

ωj | j0(p r)δ(K−Λ) j + Tj→K−Λ( s)G̃j(r, s, qmax) |2 − j2
0(p r)},

𝒮(r, R1, R2) = λ𝒮[ω𝒮 𝒮1(r, R1) + (1 − ω𝒮) 𝒮2(r, R2)], λ𝒮 = 0.9806 ω𝒮 = 0.7993

ωj =
NB

j NM
j

NK−Λ
,

dN
m⊥dm⊥ dy dϕ

∼ m⊥cosh(y) exp( −
m⊥cosh(y)

Tch ) 10Ask questions to Luciano Abreu!

 2608.27236 [hep-ph]



Model and data disagreements 
• First attempt: make a universal fit. 

• We fail miserably!
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• NEXT: we tried to fit CF and data on 
invariant masses seprarately

 2608.27236 [hep-ph]
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• Fit 2—> considers inv 

mass data set only 

• Fit 3—> considers CF 

data only (from pp 

collisions)

 2608.27236 [hep-ph]
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• Fit 2—> considers inv 

mass data set only 

• Fit 3—> considers CF 

data only (from pp 

collisions)
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• Fit 2 parameters

 2608.27236 [hep-ph]



S=-3: A new state Ω(2109)
• BesIII measured  and found the existence of 

.  

• They report that no signal is seen in the  invariant mass 
spectrum. 

• Our coupled-channel study shows that the   interaction is 
strongly attractive, producing a pole that can be related to the 
new . And  couples weakly to the pole.

e+e− → ΩΩ̄
Ω(2109)

K̄Ξ

K̄∗Ξ

Ω K̄Ξ

arXiv:2606.27572v2

15



A new state Ω(2109)
arXiv:2606.27572v2

Uncertainties from 
regularization parameters

Jπ = 3/2−

16

-Kolomeitsev and Lutz, PL B 585, 243 (2004).
-S. Sarkar, E. Oset, and M. J. Vicente Vacas, 
Nucl. Phys. A 750, 294 (2005), 
-Li, Feijoo,  Oset, Ω(2380) as a partner of the 
Ω(2012), PRD 113 (7) (2026)
-L¨u, H. Nagahiro, A. Hosaka, Understanding the 
nature of Ω(2012) in a coupled-channel
approach, PRD 107 (1) (2023) 014025.



A new state Ω(2109)
arXiv:2606.27572v2

• Prediction for measuring data on Femtoscopic 
correlation functions 

• Test of our model

17



Conclusions
• Strangeness -2 sector is full of confusion.

• A good fit to the invariant mass spectra cannot describe the data on the correlation 
function. Such a fit generates a state that can be associated with .

• A reasonable fit to the correlation-function data fails to describe the invariant-mass 
data. Such a fit generates a state that can be associated with .

• A lower energy state, with large width, always appears. Also, a state with mass around 

•  can be understood as moleculelike state.

Ξ(1690)

Ξ(1620)

K∗Σ

Ω(2109)
18



• A few informal announcements: 

• Charm 2027 will be held in Rio de Janeiro, 
May10-14 (https://indico.cern.ch/event/
1720270/); organizers: Carla Göbel, 
Ignacio, … 

• Hadron 2027 will be held in Santos (São 
Paulo), hopefully in September (organizers: 
Alberto Martinez Torres, Bruno El-Bennich, 
Kanchan, Fernando Navarra, Patricia 
Magalhães, Diogo Boito, Luciano Abreu, 
Arlene Cristina Aguilar) 

• QNP 2028 will be held in Salvador de Bahia 
(organizers: Luciano Abreu, Alberto Martínez 
Torres, Kanchan, Fernando Navarra…. )
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THANK YOU! 
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