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Conventions for heavy mesons
Convention of quantum number of quarks

Introduction

strange charm bottom

S = -1 C = +1 B = -1

Heavy-light mesons: bar for negative flavor-ness (q~u,d)

with q K (sq) D (cq) B (bq)

with q K (sq) D (cq) B (bq)

DN <--> KN : exotic
Θ+, Yasui-Sudoh

qqq
Qq

DN <--> KN : non-exotic
light quark annihilation

qqq
Qq
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Why DN and DNN?
Comparison with KN system in I=0 channel

KN
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Λc*: a DN bound state in the πΣc continuum --> D nuclei?
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- large mass splitting between DN and πΣc
- negative parity Λc*, analogously with Λ(1405)
- small phase space --> narrow width of Λc*
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Λ*: a KN bound state in the πΣ continuum --> K nuclei

Introduction
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Validity of the DN bound state picture
Can Λc* (with strong binding) be a DN bound state?

DN bound picture for Λc(2595)

- D (1867 MeV) is heavier than K (496 MeV)
  Kinetic energy is suppressed. 
  If the KN system develops a quasi-bound state Λ(1405),
  with the same interaction, DN bounds more strongly.

DN system should generate a strongly bound state: Λc*.

VD

VK
=

mD

mK
∼ 3.8

- vector meson exchange picture leads to the stronger DN 
  interaction than KN

(next slide)
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Vector meson exchange for DN
DN (KN) interaction in vector meson exchange

DN bound picture for Λc(2595)

k

q q�

Interaction is proportional to the meson mass at threshold.
VD

VK
=

mD

mK
∼ 3.8

DN interaction is about four times stronger than KN

<-- (Weinberg-Tomozawa term)

V ∼gūγµu× 1

k2 −m2
v

�
gµν − kµkν

m2
v

�
× g(q + q�)ν

→− ūγµu
g2

m2
v
gµν(q + q�)ν (k � mv)

=− 1

2f2
ū(/q + /q�)u (KSRF relation)

→− 1

2f2
(ω + ω�) (nonrel. leading)

=− m

f2
(at threshold)
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Application to DNN system
DN bound picture for Λc(2595)

We construct the DN effective potential in the DN bound 
picture for Λc*, and apply the potential to the DNN system

Pro

- Potential is strongly attractive.
   --> easy to produce a bound state in nuclei
- Imaginary part of the DN potential is smaller than KN.
   --> good feature for the variational three-body calculation

Contra

- DN binding energy may be too large.
   --> potential picture valid?
- Experimental information is poorer than KN
   --> only the mass of Λc* is known
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DN local potential
DN interaction and DN potential

Coupled-channel DN scattering amplitude
T. Mizutani, A. Ramos, Phys. Rev. C74, 065201 (2006)

T. Hyodo, W. Weise, Phys. Rev. C77, 035204 (2008)
Equivalent local potential

U(r, E) =
1

2 ω̃

MN√
s
V eff(

√
s)

1

π3/2b3
e−r2/b2

=U(r = 0, E)e−r2/b2

-2500

-2000

-1500

-1000

-500

0

U
(0

) [
M

eV
]

280026002400

sqrt s [MeV]

I=0
b = 0.35 fm

 Re U(0)_cor
 Im U(0)_cor

-20

-10

0

10

20

A
m

pl
itu

de
 [f

m
]

280026002400

sqrt s [MeV]

I=0
 Re T
 Im T

Λc*(2595)
-20

-10

0

10

20

A
m

pl
itu

de
 [f

m
]

280026002400

sqrt s [MeV]

I=0
b=0.35 fm

 Re T
 Im T
 Re T_pot
 ImT_pot

 

TETSUO HYODO AND WOLFRAM WEISE PHYSICAL REVIEW C 77, 035204 (2008)

4

2

0

-2

F K
N

 [f
m

]

1440140013601320

s1/2 [MeV]

 Re (local)
 Re (original)

I=0

0.8

0.6

0.4

0.2

0.0

F K
N

 [f
m

]

1440140013601320

s1/2 [MeV]

 Im (local)
 Im (original)

I=1
FIG. 10. (Color online) Scattering

amplitudes FK̄N from the local potential
U (r, E) (thick lines) and from the ampli-
tude T eff in the original chiral coupled-
channel approach (thin lines) obtained
by using the HNJH model for the I =
0 channel (left) and the I = 1 channel
(right). Real parts are shown as solid lines
and imaginary parts as dashed lines.

s-wave scattering amplitude is

FK̄N = 1
k(cot δ0 − i)

,

where the phase shift δ0 is determined by the asymptotic wave
function,

u(r)
r

→ A0[cos δ0j0(kr) − sin δ0n0(kr)] for r → ∞,

with spherical Bessel and Neumann functions j0 and n0.
The wave number k =

√
2µE becomes imaginary below

threshold, E < 0.
Given V eff(

√
s) as input, the range parameter b is then

fixed by requiring that the real part of the K̄N amplitude
develops its zero at

√
s % 1420 MeV to satisfy the condition

for the quasibound K̄N state at this point. For the HNJH
model, this condition determines b = 0.47 fm. Note that this
scale is somewhat smaller than the typical range associated
with vector meson exchange, the picture that one has in mind
as underlying the vector current interaction generating the
Weinberg-Tomozawa term.

With b = 0.47 fm fixed, the I = 0 and I = 1 amplitudes
generated by the equivalent local pseudopotential U (r, E)
reproduce the full K̄N coupled-channel amplitudes perfectly
well in the threshold and subthreshold region above

√
s %

1420 MeV. However, at energies below the quasibound state,
the local ansatz [Eq. (11)] does not extrapolate correctly
into the far-subthreshold region. One has to keep in mind
that the complex, off-shell effective K̄N interaction is in
general nonlocal and energy dependent to start with. Its
detailed behavior over a broader energy range cannot be
approximated by a simple local potential without paying the
price of extra energy dependence. This is demonstrated in
Fig. 10. In the subthreshold region below

√
s < 1400 MeV,

the amplitudes calculated with the local potential overesti-
mate the ones resulting from the coupled-channel approach
significantly, in both I = 0 and I = 1 channels. One observes
that subthreshold extrapolations using a naive local potential
tend to give much stronger K̄N attraction than what chiral
coupled-channel dynamics actually predicts. Corrections to
the energy dependence of the local potential need to be applied
to repair this deficiency.

C. Improved local potentials and uncertainty analysis

The necessary corrections just mentioned can easily be
implemented by introducing a third-order polynomial in

√
s,

U (r = 0, E) = K0 + K1
√

s + K2(
√

s)2 + K3(
√

s)3,

1300 !
√

s ! 1450 MeV,
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FIG. 11. (Color online) Upper
panels: Strength of the fitted potential
at r = 0 (thick lines) and the strength
without correction [Eq. (11); dotted
lines] with the HNJH model. Lower
panels: Scattering amplitude f from
the local potential (thick lines) and the
amplitude Teff. in the original chiral
unitary approach (thin lines) with the
HNJH model. The real parts are shown
by the solid lines, and the imaginary parts
are depicted by the dotted lines. Left:
I = 0 channel. Right: I = 1 channel.

035204-10

c.f. KN case
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Summary

Regarding Λc* as a DN quasi-bound state, 
we construct a DN potential.

D is heavy; we expect stronger binding 
with nucleon(nuclei) than K case.

From the coupled-channel amplitude, 
equivalent DN potential is constructed. 

Potential has strong energy dependence.

We study the DN interaction and DNN system

Summary + future plan
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Strategy

DN amplitude

Summary + future plan

DN potential

variational calculation
for DNN

Dote-san

Faddeev fixed-center 
approximation for DNN

Xiao, BayarHyodo

Compare

Λc*N potential?



11

Expected structure of DNN
Summary + future plan

Binding energy of the DN system is 200 MeV. 
Do we have DNN with 400 MeV binding?

- No, because of the NN repulsion at short distance and
   strong energy dependence of the DN potential strength.

DN NK

Interesting structure?

KNN: K-migration picture

NN

T. Yamazaki, Y. Akaishi, Phys. Rev. C76, 045201 (2007)


