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Exotic open-charm meson states

quark model → an open-charm meson consists of a charm quark and
a light (anti)quark

the discovery of D∗
s0(2317) and Ds1(2460)

I isospin and strangeness (I ,S) = (0, 1)
I D∗

s0(2317): JP = 0+
[BaBar (2003)]

I Ds1(2460): JP = 1+
[BaBar (2003)]

I ∼ 150MeV lower than quark model [Godfrey, Isgur (1985)]

6

FIG. 3: The mass distribution for (a) D+
s γ and (b) D+

s γγ
after excluding photons from the signal region of Fig. 1(b).
(c) The D+

s π0γ mass distribution. The lower histograms
of (b) and (c) correspond to D+

s γ masses that fall in the
D∗

s(2112)+ signal region as described in the text. The ver-
tical line indicates the D∗

sJ (2317)+ mass.

exchanged.
Mass resolution estimates for the K+K−π+π0 sys-

tem are obtained directly from the data using a fit to
the mass distribution D+

s → K+K−π+π0. The mea-
sured width from this mode is consistent with that of
the D∗

sJ(2317)+ signal. A simulation of the D∗
sJ (2317)+

decay to K+K−π+π0yields a similar mass resolution af-
ter event reconstruction and selection criteria have been
satisfied. We conclude that the intrinsic width of the
D∗

sJ(2317)+ is small (Γ ! 10 MeV).
The cos θh distribution of the D∗

sJ(2317)+ decay with
respect to its direction in the e+e− center-of-mass frame
has been investigated. The efficiency-corrected distribu-
tion is consistent with being flat, as expected for a spin-
zero particle, or for a particle of higher spin that is pro-
duced unpolarized.

We have also performed a search for the decay
D∗

sJ(2317)+ → D+
s γ. Shown in Fig. 3(a) is the D+

s γ
mass distribution obtained by combining a D+

s candi-
date in the signal region of Fig. 1(a) with a photon with
an energy of at least 150 MeV that does not belong to a
γγ combination in the signal region of Fig. 1(b). The re-
quirement that the p∗ of the D+

s γ system be greater than
3.5 GeV/c is also imposed. There is a clear D∗

s(2112)+

signal, but no indication of D∗
sJ (2317)+ production.

The D+
s γγ mass distribution for p∗(D+

s γγ) >
3.5 GeV/c, excluding any photon that belongs to the π0

signal region of Fig. 1(b), is shown as the upper histogram
of Fig. 3(b). No signal is observed near 2.32 GeV/c2.

The shaded histogram corresponds to the subset of
combinations for which either D+

s γ combination lies in
the D∗

s(2112)+ region, defined as 2.096 < m(D+
s γ) <

2.128 GeV/c2. Again, no D∗
sJ (2317)+ signal is evident,

thus demonstrating the absence of a D∗
s(2112)+γ decay

mode at the present level of statistics.
The D+

s π0γ mass distribution, excluding any photon
that belongs to any π0 candidate, is shown as the up-
per histogram of Fig. 3(c). The shaded histogram corre-
sponds to the subset of combinations in which the D+

s γ
mass falls in the D∗

s(2112)+ region. No signal is observed
near 2.32 GeV/c2 in either case. A small peak, however,
is visible near a mass of 2.46 GeV/c2. This mass corre-
sponds to the overlap region of the D∗

s(2112)+ → D+
s γ

and D∗
sJ(2317)+ → D+

s π0 signal bands that, because of
the small widths of both the D∗

s(2112)+ and D∗
sJ(2317)+

mesons, produces a narrow peak in the D+
s π0γ mass dis-

tribution that survives a D∗
s(2112)+ selection.

If the peak in the D+
s π0γ mass distribution of Fig. 3(c)

were due to the production of a narrow state with mass
near 2.46 GeV/c2decaying to D∗

s(2112)+π0, the kinemat-
ics are such that a peak would be produced in the D+

s π0

mass distribution at a mass near 2.32 GeV/c2. Such
a D+

s π0 mass peak, however, would have a root-mean-
square of ∼15 MeV/c2, which is significantly larger than
that obtained for the D∗

sJ(2317)+ signal. In addition,
Monte Carlo studies indicate that if the apparent signal
at 2.46 GeV/c2were due to a state that decays entirely to
D∗

s(2112)+π0, it would produce only one-sixth the signal
we observe at 2.32 GeV/c2.

Although we rule out the decay of a state of mass
2.46 GeV/c2 as the sole source of the D+

s π0 mass peak
corresponding to the D∗

sJ(2317)+, such a state may
be produced in addition to the D∗

sJ(2317)+. How-
ever, the complexity of the overlapping kinematics of the
D∗

s(2112)+ → D+
s γ and D∗

sJ(2317)+ → D+
s π0 decays re-

quires more detailed study, currently underway, in order
to arrive at a definitive conclusion.

The decay of any cs state to D+
s π0 violates isospin

conservation, thus guaranteeing a small width. It is pos-
sible that the decay proceeds via η −π0 mixing, as dis-
cussed by Cho and Wise [11]. For a parity-conserving
decay only a spin-parity assignment in the natural JP se-
ries {0+, 1−, 2+, . . . } is allowed. The low mass compared
to those of the Ds1(2536)+ and the D∗

sJ (2573)+ favors
JP = 0+. In this case, decay to D+

s γ is excluded. How-
ever, decay of the D∗

sJ (2317)+ to D∗
s(2112)+γ is allowed

and might compete with decay by pion emission. The
shaded mass distribution of Fig. 3(b) suggests that this
mode is absent, at least at the present level of statistics.
This may simply indicate that decay by pion emission is
favored over radiative decay.

Further studies are under way. If, however, the ten-
tative JP = 0+ assignment is confirmed, the low mass,
small width, and decay mode of the D∗

sJ(2317)+ are quite
different from those predicted by potential models [6–8].

Beginning of the interesting story: D⇤
s0(2317) and Ds1(2460)

Charm-strange mesons

• D⇤
s0(2317): 0+ BaBar (2003)

M = (2317.7 ± 0.6) MeV,

� < 3.8 MeV

The only hadronic decay: Ds⇡

• Ds1(2460): 1+ BaBar, CLEO (2003)

M = (2459.5 ± 0.6) MeV,

� < 3.5 MeV

• no isospin partner observed, tiny

widths ) I = 0

BABAR, PRL90(2003)242001

Feng-Kun Guo (ITP) Charmed meson spectroscopy 22.05.2018 3 / 23

[BaBar (2003)]
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D∗
s0(2317) and Ds1(2460)
I a few MeV below DK/ D∗K thresholds

dynamical generation from s-wave DK (D∗K ) scattering
I scattering coupled with Dsη (D∗

s η)
I from leading order chiral SU(3) Lagrangian [Kolomeitsev, Lutz (2003), Guo et al (2009)]

→ implemented with s-wave unitarity via resummation
I stable against higher order chiral corrections

[Lutz, Soyeur (2008), Liu et al (2012), Altenbuchinger et al (2013), Du et al (2017), XYG et al (2018)]
E.E. Kolomeitsev, M.F.M. Lutz / Physics Letters B 582 (2004) 39–48 43

Fig. 1. Open-charm resonances with JP = 0+,1+ and (I, S) = (0,1), (1,1) as seen in the scattering of Goldstone bosons of
D(1867),Ds(1969) and D(2008),Ds(2110) mesons. Shown are speed plots together with real and imaginary parts of reduced scattering
amplitude, fab , with tab = fab(p

(a)
cmp

(b)
cm )1/2 (see (8)).

E.E. Kolomeitsev, M.F.M. Lutz / Physics Letters B 582 (2004) 39–48 43

Fig. 1. Open-charm resonances with JP = 0+,1+ and (I, S) = (0,1), (1,1) as seen in the scattering of Goldstone bosons of
D(1867),Ds(1969) and D(2008),Ds(2110) mesons. Shown are speed plots together with real and imaginary parts of reduced scattering
amplitude, fab , with tab = fab(p
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cmp

(b)
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s [MeV] [Kolomeitsev, Lutz (2003)]
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Scalar resonance with isospin-strangeness (I , S) = (1/2, 0)

experimentalists have observed one resonance, as D∗
0 (2300)

– broad, with a measured mass ranging 2300 ∼ 2400 MeV [Belle, BaBar, Focus]

– significantly heavier than expected as an SU(3) partner of D∗
s0(2317)

– two-pole structure can be compatible with data [Du et al (2017)]

from Dπ scattering applying the chiral Lagrangian

– three-channel coupled system with Dπ, Dη, DsK̄

– a two-pole structure in the scattering amplitude
[Kolomeitsev, Lutz (2003), Lutz, Soyeur (2008), Albaladejo et al (2018), XYG et al (2018), Du et al (2021)]

– pole masses (central values):

LO chiral interaction (with unitarization from GSI):
(2117− 151i) MeV, (2390− 38i) MeV [Kolomeitsev, Lutz (2003)]

including NLO chiral interactions (with unitarization from Bonn):
(2105− 102i) MeV, (2451− 134i) MeV [Du et al (2017)]

including NLO chiral interactions (with unitarization from GSI):
(2082− 187i) MeV and (2439− 92i) MeV [XYG, Heo, Lutz PRD98(2018)014510]
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Global fit to lattice data with the chiral Lagrangian

we applied the NLO chiral Lagrangian to the lattice data set on
D-meson masses and scattering observables

L(2) = −
(

4c0 − 2c1
)
DD̄ trχ+ − 2c1Dχ+D̄ + 4

(
2c2 + c3

)
DD̄ tr

(
UµUµ†)

−4c3DUµUµ†D̄ +
1

M2

(
4 c4 + 2 c5

)
(∂̂µD)(∂̂ν D̄)tr

[
Uµ
,Uν†]

+

−
1

M2
2 c5 (∂̂µD)

[
Uµ
, Uν†]

+
(∂̂ν D̄)

I 64 data points for D-masses, from ETMC, HPQCD, PACS, LHPC, HSC
→ in the chiral mass correction: internal masses are set to on-shell
masses

I scattering observables with LHPC and HSC ensembles at unphysical
quark masses

[XYG, Heo, Lutz, PRD98(2018)014510]
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Global fit to lattice data with the chiral Lagrangian

the validity of our approach needs to be tested against further lattice data

– in 2018, all s-wave D-meson two-body scattering phase shifts were
predicted for two HSC ensembles with mπ ' 220 MeV and 380 MeV
[XYG, Heo, Lutz (2018)]

this year HSC presented new results on those two ensembles
[HSC 2008.06432, 2102.04973]

I this talk: dedicated to the comparison of our prediction and the lattice
results
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Open-charm phase shifts: compared with HSC results

(I ,S) = (1/2, 0) Dπ scattering phase shifts for the physical case and
the two HSC ensembles

[XYG, Heo, Lutz PRD98(2018)014510]

[HSC JHEP10(2016)011]

[HSC 2102.04973]

I plotted as functions of kinetic energy in
the c.m. frame E =

√
s −
√
sthr

I striking dependence on light-quark mass
from both our predictions and lattice

I for physical case: the black line shaped by
the two-pole structure
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Open-charm phase shifts: compared with HSC results

(I ,S) = (1/2, 0) Dπ scattering phase shifts for the physical case and
the two HSC ensembles

[XYG, Heo, Lutz PRD98(2018)014510]

[HSC JHEP10(2016)011]

[HSC 2102.04973]

I ensemble at mπ ' 380 MeV:
binned lattice data [HSC (2016)]

→ blue/red points are fitted/unfitted
→ the blue line from our best fit

I both the lattice and our fit show a real
pole below the Dπ threshold

I we predict a second (complex) pole at
around the DsK̄ threshold
→ affect the Dπ phase-shift very little
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Open-charm phase shifts: compared with HSC results

(I ,S) = (1/2, 0) Dπ scattering phase shifts for the physical case and
the two HSC ensembles

[XYG, Heo, Lutz PRD98(2018)014510]

[HSC JHEP10(2016)011]

[HSC 2102.04973]

I ensemble at mπ ' 220 MeV:
→ our prediction in red line
→ lattice result in red band [HSC (2021)]

I one pole from both lattice and us:
between the Dπ and Dη threshold, far
away from the real axis

I we predict another pole slightly above the
Dη threshold
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DK scattering phase shifts

DK scattering phase shifts with (I , S) = (0, 1)

[XYG, Heo, Lutz PRD98(2018)014510]

[HSC 2008.06432]

I we predict a decline of the phase shift

I driven by a pole below DK threshold
→ physical case: recognized as D∗

s0(2317)
→ stable against a variation of light-quark
masses

I the pole position heavily affects the shape
of the phase shifts

I further improvements are requested
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DK̄ scattering phase shifts and lengths

I for mπ ' 220(380)MeV, our
predictions in red (blue) lines vs.
lattice in red (blue) bands [HSC (2020)]

I close to the threshold, overshoot the
lattice result for mπ ' 220 MeV
→ overestimate the scattering length
at mπ ' 220 MeV

I LHPC data points in blue are
included in our fit [Liu et al (2012)]

I our fit (white points) already
undershoots those
→ driven by our global fit

I compare to fit from Bonn group
(gray band) [Liu et al (2012)]
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DK̄ scattering phase shifts and lengths

I our predictions in red/blue lines vs.
lattice in red/blue bands [HSC (2020)]

I both show little dependence on
light-quark mass

I tension in the magnitude of the
scattering length

I LHPC data points in blue are
included in our fit [Liu et al (2012)]

I the second data point seems
incompatible with HSC results

I a similar fit result from Bonn in
gray band [Liu et al (2012)]
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Summary

a critical discussion of predictions we have made for D-meson systems
in comparison with latest lattice results [HSC (2020,2021)]

– the predictions were based on available global lattice data, in
application of the chiral SU(3) Lagrangian

– the latest lattice data are phase shifts for Dπ, DK , DK̄ scatterings on
HSC ensembles with mπ ' 220, 380 MeV

the prediction on Dπ phase shift at mπ ' 220MeV appears quite
compatible with the HSC result

– strong support for the two-pole structure in the scattering amplitude

significant tension in the DK̄ elastic scattering phase-shifts

– further studies are called on this issue
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