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U~(12)-scheme S. Ishida, M. Ishida, and T.M., PTP104 (2000)

In recent years, we have proposed the U~(12)-scheme, a 
relativistic covariant level-classification scheme of hadrons. 

1. Introduction

The U~(12) scheme predicts the existence of a new type of 
`exotic’ hadrons, called chiral states, out of the conventional 
non-relativistic SU(6) classification scheme. 
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( Newly discovered charmed mesons )
(BABAR’03, CLEO, Belle, FOCUS)
(CLEO’03, Belle, BABAR)
(Belle’04, FOCUS’04)
(FOUCUS’04)
(SELEX’04)

(Belle’06,BABAR’06)
(BABAR’06)

In this work we concentrate on (open-)charmed mesons, 
where many experimental progress have been made during  
past few years.

They offer good candidates of chiral states.
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U(12)×O(3,1) classification scheme

J p :  0- 0+ 1- 1+
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0+ 1+
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j =3/2 2+
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？
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0- 1- 1 - 2-
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？ ？ ？ ？

D’*χ D*2χ

These JP are 
appeared in 
higher excited 
states in NRQM!  
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Through this analyses, we will examine the possible 
realization of U(12)×O(3,1) symmetry in open charmed 
meson sector.

In this work, we study Pionic / Kaonic transition of D and 
Ds mesons by using the wave function  determined from 
U(12)-scheme. 

Purpose of this work
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We have proposed the U~(12)-scheme, a relativistically 
covariant level-classification scheme of hadrons. 
S. Ishida, M. Ishida and T. M., PTP104(2000)S. Ishida, M. Ishida and T. M., PTP104(2000)

( U~(4)S being the pseudo-unitary homogeneous Lorentz-group)

The U~(12)-scheme has a unitary U(12)SF symmetry in 
the rest frame of hadrons, embedded in the covariant 
U~(12)SF-representation space.

2. Description of Composite 
Hadrons in the U~(12)-Scheme 
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In the U(12)-scheme, conventional non-relativistic symmetry,

is extend into 

ρ- spin

The remarkable point in this scheme is a introduction of the 
new symmetry SU(2)ρ for “Confined Quarks”.

at the rest frame of hadrons.
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The u- and v- with exotic quantum numbers (jp=(1/2)-) 
leads to a new type of `exotic’ states, called chiral states, 
which do not appear in the non-relativistic scheme. 

Basic vectors for the new SU(2)ρ space are given by the 
Dirac spinors with on-shell 4-velocity of hadrons, 

Chirality :
Parity :
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U~(12) ×O(3,1) (boosted LS) WF

Definite Metric Type 
4-Dim. Oscillator WFC.M. Coordinate Flavor WF

Space-Time
A relativistic extension of conventional NRQM 
by separately boosting!

General WF of qqbar mesons are given by the following Klein-Gordon  field 
with one each upper and lower indices. 

Spin(Here etc. denotes Dirac spinor / flavor indices)

Relative Coordinate
Bargman-Wigner 
Spinor WF

Kinematical Framework

A remarkable point is that WFs of hadron are described as the 
direct product of spin part and spacedirect product of spin part and space--time part. time part. 

Feynman-Kislinger-Ravndal , Sogami,  Y. 
S. Kim et al. , Namiki et al. , Ishida et al. 
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In the U~(12)-scheme, the chiral stateschiral states are defined as the 
states which includes at least  one at least  one ρρ３３==－－ componentcomponent.

Complete set of bi-Dirac spinor for describing the qqbar mesons 
Ps ×2
V ×2

S ×2
A× 2

Total 16 comp.

The expansion basis of qqbar meson spin WF is given by direct product of 
the respective Dirac spinors corresponding to relevant constituent quarks 
and anti-quarks. They consist of totally 16 members of bi-Dirac space.

U(4) spin part
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The (u+, ,v+,) corresponds to conventional constituent quark degree of 
freedom, while (u-, ,v- ) represents relativistic effectrelativistic effect for confined system. 

，

， ， ，

We suppose that the u- (v-) is also realized as the physical degrees of 
freedom in composite hadrons. 
This freedom may be dynamically generated, although it seems a very  
difficult problem that what is the explicit field theoretical representation of 
u- and v-.

What does the (u-, v- ) stand for ?
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Explicit Form of Internal WF

①

②

D(1869)

Candidate

D*(2010)

（１）Ground States（ ）

：polarization vector of mesons

One pion decays of S- and P-wave 
D(c-nbar)-mesons
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③

④

D0*(2352)

Candidate

（1）Ground States（ ）Cont’d

⑤ D0*(2352)

（2）Excited States（ ）

Candidate

D1(2420)
/D’1(2430)
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⑥

（2）Excited States（ ）Cont’d

Candidate

⑦

⑧

D1(2420)
/D’1(2430)

D1(2420)
/D’1(2430)

D2*(2460)
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Here we try to assign some of the observed mesons to the 
predicted Qqbar multiplets in the U~(12)SF classification 
scheme, resorting to their particle properties, and estimate 
the masses of missing members. 

3. Possible Assignments for Observed 
Charmed Mesons in U(12)SF×O(3,1)L
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Name L=0 (~2GeV) L=1 (~2.5 GeV )

P

1S0

0- Ds(1968)

1P1

1+ Ds1(2460)

S 0+ Ds0 (2317) 1- D*s1(~2740)D*s1(~2740)

V

3S1

1- Ds* (2112)

3P0

0+ DsDs00 (~2480)(~2480)

3P1

1+ Ds1(2536)

3P2

2+ Ds2(2573)

A 1+ Ds1 (2460) 0- Ds (????)Ds (????) 1- D*s1(????)D*s1(????) 2- DDs2s2 (~2860(~2860))

Possible assignments for the observed Ds mesons

Predicted Ds1(~2740)Predicted Ds1(~2740) could be identified to recent observed Ds1(2690)?could be identified to recent observed Ds1(2690)?

(Input values are underlined )
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×

Pionic / Kaonic transitions of HL mesons are described by 
the  following transition matrix element ;

Treating the decays in the U~(12) scheme

4. Pionic and Kaonic Transitions
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Here we assume the emitted Ps-mesons as 
a local field. Interaction vertex V is assumed  
as

( Feynman- Kislinger- Ravndal (1971) )

We also introduce an extra-term to reproduce effect of spin-orbit 
coupling, 



New Hadrons with Various Flavors@ Nagoya 212008/12/7 2121

Space-Time 
Overlapping

Space-Time Overlapping gives 
Lorentz invariant form factor.

Example1: S-wave G.S. → S-wave G.S.

Example 2:  P-wave Ex.S. → S-wave G.S.
→1

etc.
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Results 

D*+→D0π+

(1-1) D*(1-) → D(0-)  π (P-wave decay)

D*+→D+π0

65±15  keV

29±7.2  keV

< 1.3  MeVD*0→D0π0

Process Our Results Experiments (PDG 2008)

Here we use the following parameters; 
Coupling const. :  gA = 0.7,  gp=11 GeV
Regge Slope Inverse : Ω= M(D2*/Ds2*)2 - M(D*/Ds*)2 

34.2 keV 

57.2 keV 

71.9 keV 
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Ds*+→Ds π

(1-2) Ds*(1-) → Ds(0-)  π (P-wave decay)

< 0.11  MeV

Process Our Results Experiments (PDG 2008)

0.01 keV 

Here we used isospin violating factor; 0.65 ×10-4

(Cho and Wise, PRD49(1994))
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D2*→D π

D2*→D* π

37±6  MeV
D2*(total)

Process Our Results Experiments (PDG 2008)

38 MeV 

18  MeV 

56 MeV 

(2-1) D2*(2460;3P2)→ D(0-) π and D*(1-) π (D-wave decay)

43±4  MeV
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Ds2*→D K

Ds2*→D* K

Ds2*(total)

Process Our Results Experiments (PDG 2008)

18.6 MeV 

1.5  MeV 

20.1 MeV 

(2-2) Ds2*(2573;3P2)→ D(0-) K and D*(1-) K (D-wave decay)

20±5  MeV
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(3-1) D0*(2350;3P0)→D π (S-wave decay)

and D0*χ(2350;1S0) → D π (S-wave decay)

D0*(3P0)→D π

D0
χ*→D π

Process Our Results Experiments (PDG 2008)

528MeV 

216 MeV 

261±50  MeV

Interfering two resonances ?!



2008/12/7 New Hadrons with Various Flavors@ Nagoya 27

(3-2) Ds0*(~2480*;3P0)→D K     (S-wave decay)

and Ds0*χ(2317;1S0) → D π (S-wave decay)

Ds0*(~2480;3P0)→D K

D0
χ*→D π

Process Our Results Experiments (PDG 2008)

244 MeV 

75 keV < 3.8  MeV

A broad state above DK threshold !?* Godfrey and Isgur (‘85)

????????

Here we also used isospin violating factor;  0.65 ×10-4

(Cho and Wise, PRD49(1994))
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(5) Ds1*χ (~2700;1P1)→D K     (p-wave decay)

and Ds1*χ(~2700;1P1) → D* K  (p-wave decay)

Process Our Results Experiments (PDG 2008)

347 MeV 

69 MeV 

Ds1*χ (~2700;1P1)→D K 

Ds1*χ(~2700;1P1) → D* K 

108±23+36
-31 MeV

Brodzicka et al.,
(Belle Collaboration 2007)

416 MeV 
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(6) Ds1*χ (~2700;3P1)→D K     (p-wave decay)

and Ds1*χ(~2700;3P1) → D* K  (p-wave decay)

Process Our Results Experiments (PDG 2008)

126 MeV 

247 MeV 

Ds1*χ (~2700;3P1) → D K 

Ds1*χ(~2700;3P1) → D* K 

108±23+36
-31 MeV

Brodzicka et al.,
(Belle Collaboration 2007)

373 MeV 

It seems that both 3P1 and 1P1 chiral states are too broad to assign to the 
experimental Ds1(2700). On the one hand, it could be conventional 2S or 
1D state, the other hand, there is a possibility that it could be the mixed 
sates of 3P1 and 1P1 chiral states!
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5. Summary
The U~(12) scheme predicts the existence of a new type of `exotics’, called 

chiral states, out of the conventional non-relativistic SU(6) classification 
scheme. 

To check the validity of the scheme, we study strong decays of HL mesons 
by applying the U~(12) scheme. Results for conventional states are consistent 
with the data. In addition, we have predicted the Pionic and Konic decay 
widths of chiral states. Resultant broad widths obtained in this work are not 
contradict with experiments (except for Ds1(2700)).

We show a possible assignments for observed meson from the viewpoint of 
the U(12)SF×O(3,1)L. The existence broad chiral states should be checked in 
experiment, carefully.
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Back Up Slides
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SQ SｑL

jq

Level classification becomes possible using SQ-jq

Heavy quark symmetry (HQS)

Heavy Light Meson System: Conventional Classification
ー L-S v.s.  SQ-jq ー
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(1) Space-time part : 4-dimentional oscillator function
Basic equation of motion

( Potential ) pure conf. limit

CM and Relative coordinates

Plane Wave Expansion

2-nd quantized!
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Remark for decay width of j= (1/2) and j= (3/2)

HQS limit ;  D-wave decay

;  S-wave decay

1/2 1/2 3/2 3/2

Experimental values

20-25384 37-43260-280


