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Motivation

Invariant mass distribution of  in 
the  decay [1].

πΞ

Ξc → ππΞ

[1]Belle collaboration, M.Sumihama et al., Phys. Rev. Lett. 122, 072501 (2019). 

process is taken into account, and these are coherently
added. We check the interference of the !!1690"0 to the S-
wave nonresonant process and the !!1620"0 by applying
the fit with the interference term, and it is negligible.
Figure 2(a) and 2(b) show the !!!#L mass spectrum in the
signal region and the sideband region with the fitting result,
respectively. The "2=ndf (where ndf is the number of
degrees of freedom) is 66=86. For the !!1620"0 and the
!!1690"0 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 !!1620"0
is obtained to be 25#. The statistical significance of the
!!1690"0 is 4.5#. When the P-wave-only relativistic Breit-
Wigner function with fixed mass and width is used as
the fitting function, the significance is 4.0#. When the S-
wave-only relativistic Breit-Wigner function with the
floated mass and width is used, the significance is 4.6#.
We take the minimum value of 4.0# as the significance
including the systematic uncertainty. The measured mass
and width of !!1530"0 are 1533.4$ 0.4 MeV=c2 and
11.2$ 1.5 MeV, respectively. The measured mass and
width of !!1620"0 are 1610.4$ 6.0 MeV=c2 and 60.0$
4.8 MeV, respectively. The mass resolution (#) at
1600 MeV=c2 is 1.6 MeV=c2 as determined from the

MC simulation. The width of the !!1620"0 is 59.9 MeV
after incorporating this mass resolution.
We itemize the systematic uncertainties on the mass and

width of the !!1620"0 resonance in Table I. The mass scale
and width is checked by comparing the reconstructed mass
of the !!1530"0 in the !!!# 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 !#

c ! !%!#, !% ! !!!# events and
analyze them by the same program as for the real data; the
mass scale is checked by comparing the reconstructed mass
of !% 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 !!1620"0 and !!1690"0 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
M!!!!#" and refitting. The systematic uncertainty from
possible interference between the !!1690"0 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 !!1620"0 and the S-wave nonresonant
process. The "2=ndf is 80=87, which is worse than the
nominal fit result (66=86). The refitted mass and width of the
!!1620"0 are 1601.2$1.5MeV=c2 and 63.6$8.7MeV,
respectively.
For the first time, the !!1620"0 particle is observed in its

decay to !!!# via !#
c ! !!!#!# decays. The number of

!!1620"0 events is 2 orders of magnitude larger than that in
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FIG. 2. (a) The !!!#L invariant mass spectrum in the signal
region (points with error bars), together with the fit result (solid
blue curve) including the following components: !!1530"0 signal
(dashed red curve), !!1690"0 signal (dot-dashed pink curve),
!!1620"0 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 !!!#L invariant mass spectrum in the sideband region
(points with error bars), together with the fit result (solid blue
curve) including the following components: !!1530"0 signal
(dashed red curve), and the combinatorial backgrounds (dotted
black curve).

TABLE I. Systematic uncertainties for the mass and the width
of !!1620"0.

Source Mass (MeV=c2) Width (MeV)

Mass scale !1.5 !2.7
Mass shape of !!1620" #4.5 #1.8
Mass shape of !!1690" #2.3 #1.7
Nonresonant contribution !2.3 #0.3= ! 3.8
Interference with !!1690" #1.3 !5.2
Bin size $3.1 $1.3

Total #6.1
!4.2

#2.8
!7.1
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K̄Λ K̄ΣThreshold Threshold

 and  peaks in the  
spectrum by Belle collaboration [1]. 

Peaks are close to thresholds of  and ? 

Aim of this talk

Ξ(1620) Ξ(1690) Ξc → ππΞ

K̄Λ K̄Σ

Construction of the model of  which 
reproduces the Belle data. 

Study the threshold effect on peak behavior.

Ξ(1620)
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Formulation

…Loop functionGi(W, ai)

 Coupled-channel meson-baryon scattering amplitude  at total energy [2].Tij(W) W

= Vij(W) + Vik(W)

…Interaction kernel (Weinberg-Tomozawa term)Vij(W)

V
V

G
TT

＝ ＋

: subtraction constantai

(Removed divergence by dimensional regularization)

Tij(W) Tkj(W)Gk(W, ai)

3
[2] A.Ramos, E.Oset and C.Bennhold Phys. Rev. Lett. 89.252001 (2002).
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日本物理学会2022年秋季大会 @岡山理科大学 2022年９月7日

Model for Belle result

4
[3]T. Nishibuchi and T. Hyodo, arXiv:2208.14608 [hep-ph]
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Previous work

 

Backup slide
•Subtraction定数( )は 、 は自然な値
( )とし、 に近い と の
subtraction定数( )の値を調整して、実験の
極の値 と理論計算 の差 を最小にする

ai K̄$ "!

%2 !(1620) !! K̄"
ai

zBelle zTh #z

22

の最小化#z

#z = !zBelle % zTh !

z = MR % i
2 &R

複素平面における極

実験値と計算値の差

原子核三者若手 夏の学校2022年度 @online 2022年8月7日

結果、 , において、 
となった。（右図）

a!! = % 4.19 aK̄" = % 0.14

#z = 0.1MeV

This work

•Belle result :  

•Based on the peak position, we define 
. 

•  : Pole in theoretical model 

•We minimize  by adjusting 
subtraction constants  and [3].

MR = 1610 MeV, ΓR = 60 MeV

zex = [1610 − 30i] MeV

zth

Δz

aπΞ aK̄Λ

Δz = |zth − zex |

 is achieved  
at  and .
Δz = 0.1MeV

aπΞ = − 4.19 aK̄Λ = − 0.14
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Comparison with Breit-Wigner distribution

We found that the peak of imaginary part of 
scattering amplitude is shifted by threshold effect.

• Real and imaginary parts of the scattering 
amplitude (Thick lines). 

• Breit-Wigner distribution with a pole at the 
same position (Thin lines).
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[3]T. Nishibuchi and T. Hyodo, arXiv:2208.14608 [hep-ph]
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Summary
We construct the coupled-channel scattering amplitude with  peak 
as reported by Belle collaboration. 

In comparison with the Breit-Wigner distribution, we find that the near-
threshold resonance peak is distorted by the threshold effect[3]. 

Future plan: study of , calculation of  decay.

Ξ(1620)

Ξ(1690) Ξc → ππΞ

Caution must be paid to determine  
the resonance pole near the threshold. 

[3]T. Nishibuchi and T. Hyodo, arXiv:2208.14608 [hep-ph]
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