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Phys. Lett. 8, 214 (1964)

A SCHEMATIC MODEL OF BARYONS AND MESONS *

M. GELL- MANN
California Institute of Technology, Pasadena, California

ived 4 J 1964
| ecslyei &Sy Phys. Rev. Lett. 38, 317 (1977)
A simpler and more elegant scheme can be Molecular Charmonium: A New Spectroscopy?*
constructed if we allow non-integral values for the
charges. We can dispense entirely with the basic A. De Rujula, Howard Georgi,f and S. L. Glashow

Lyman Labovatory of Physics, Havvard University, Cambridge, Massachusetts 02138

baryon b if we assi to the triplet t the followi
y en P ng (Received 23 November 1976)

properties: spin 3, z = -3, and baryon number
We then refer to the members u3, d-_, and s~ 7 Of Recent data compel us to interpret several pe ks aation of e “e* annihila-
the triplet as "quarks" 6) q and the members of the tion into hadrons as being due to the production , i.e., resonanc-
anti-triplet as anti-quarks . Baryons can now be es between two <.3har-m:ad mesons. A rich spectroScopy of such states 1s predicted and
constructed from quarks by using the combinations ™Y e studied ine7e” annihilation.

(qqq),l(dqaqq),|etc., while mesons are made out

of (qd)} (qaqa), Jetc. It is assuming that the lowest

baryon coniiguration (qqq) gives just the represen-

tations 1, 8, and 10 that have been observed, while

the lowest meson configuration (qq) similarly gives

just 1 and 8.
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LHCb Collaboration (R. Aaij (CERN) et al.), Phys.Rev.Lett. 115, 072001 (2015)
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OV FELTOHIdden Charm Pentaquark(céqqq)

threshold (MeV) SR LT-
4526.7 5 D* NFOVSF?
[4462.2} D" (—) P (4450)
4385.3 SiD ) Pt (4380)
4320.7 5.D
4295.1 AD*

1 AD threshold®iELNF v R ILDNE I H DT
- N ENThORALERS

Fr—LE\YA(cqq)
RFv—LEAY2(Cq)
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Coupled Channel Analysis for J¥ = 3/2~
JP =2 REBICHEREHES wave THAETEFvHIL

2

J/YN — A.D* —$*D —¥.D* — ©* D*

%—I

One Pion Exchange Potential
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Coupled Channel Analysis for J¥ = 3/2~
JP =2 RECHERBHES wave THAT BF vl

OneI D™-meson ]Iilxchange Potential

| . — — — ==
* * * * )k

J/WN —A.D*—=3*D —¥.D* —=3*D
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One Pion Exchange Potential
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Potential

BFRILDRTUUNR L%

~NE—NFOUAESERERVTHEGHRITEE) X. D* > D* X, D
Vij= Cy¥i (ma, Ar) | el e
a=mD,D* A, D* > D X, D*
2 .2
Yl(ma,A,r)=Y(mar)—mAY(Ar)—Azm Zl""e/"” J/ N J/¥ N J/Y N
e~ r--*jl I‘D_('*SI l‘--*-)l .....
Y()=— $DARFUSwIL A, D % D A D
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At BYRA TS5 A—%:1000-1500MeV
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T. Myo, K. Kato and K. Ikeda, Prog. Theor. Phys. 116, 1 (2006)

Complex Scaling Method(CSM)

(OIntroduce CSM to obtain the resonance solution

imag. (E) scattering states (6=0)

U@)r =re?, U@k =ke ™ l
_ -1 0)~1 — 0 20 » Real (E)
H(0)=U@O)HU(O) ", UO) =U(-0) boLnd ®-—resonance
H(H)QP(H) — E(O)SPB(H), states
W (0) = U0 = e2W(re?) continuum
states

2 2 : ;
{;i_lu I:_C;iTQ N l(l:; 1)] 6—220 4 V(?“ele)} w?(k’r) — E(Q)d)lg(k,r)

We can obtain the resonance energy and half decay width:E(8) = E,. —il'/2
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Numerical result - M — il
JJON FoRILBHY 1J/wN - AD* — 55D —%,D* — x:D*

A [MeV]

g1 1000 1100 1200 1300 1400

- —— 4438.5 — 1143 4416.9 — 1126  4397.2 — 2100 4345.0 —51.5 4314.3 —:21.0

0.942| 4333.6 — i66.4 4308.5 —i36.3  4283.1 —i12.1 4227.1 —i8.9 4190.6 —i6.22  4150.0 — 5.2

J/YN FXHRIVIEL 1AD* —5:D - X.D* - X2 D"

threshold[MeV] J/¢N(4035.8)  A.D*(4295.1) %:D(4385.3) X.D*(4462.1) X:D*(4526.7)

A [MeV]

g1 1000 1100 1200 1300 1400

0.942] 4350.3 —i69.1  4325.5 — i31.3 4290.4 4242.3 4200.1

- — = 4448.9 — 1142 4424.5 — 4122 4401.6 —98.7 4367.0 —:70.4 4328.4 —¢29.7
4167.8

BonSEE=NEFIXELC
D J/YNFYRILDBFGS([FNEL
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Doubly charm pentaquark(ccqgqg) ~®E FF

J/$N =AD" —$1D —£.D* —£:D*,

One Pion Exchange Potential (OPEP)
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Doubly charm pentaquark(ccqgqg) ~®E FF
AD*—>"D —>.D* —>X"D~

| C C C c |

D(cq)&D(cITEESHA THLRICOPEPT R ®RENS

[J/WNFRILGELIDFEREZEDFESE
Doubly charm pentaquarkMfEERELTR NS !

XIHY 28] [y HBUNSD TWsd hidden charm
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Doubly charm pentaquark(ccqqq)

J/WN FyxILIEL
A [MeV]
g1 1000 1100 1200 1300 1400 1500
e 4448.9 — §142 44245 — 122 4401.6 — i98.7 4367.0 —i70.4 4328.4 — i29.7
0.942] 4350.3 — i69.1 4325.5 — i31.3 4290.4 4242.3 4200.1 4167.8
threshold[MeV] A.D*(4295.1) X*D(4385.3) X.D*(4462.1) X:D*(4526.7)

f

OJJYNFXRILDFENETH/INELY
OJJWNFrRILIELDOFER X Doubly charm pentaquark&EL TR LN S

- NROV 3 FIKREMHidden charm pentaquark(céqqq) BN FET S50
ILLVE EZHDDoubly charm pentaquark(ccqqq)®FET H_ L& RE
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Summary and Future work
OZLDIXRYFIINRAUTIIIF—IOR ) +—)BEDM>TVS

(OLHCbThidden charm pentaquark(ccqqq) MFE RSN 1-

ONRavHFETILVERWTY? =3/2=D J/o)N — A.D* —¥*D — ¥ .D* — ¥2* D*
RBEFYRIVERE, J/YNFRILDBFENNSN EEFRLT

Ok 9 FikEEMhidden charm pentaquarkMEFEET AELOIEWVEEXFED
doubly charm pentaquark HFHET H_EFRELT-

OSZRDZFR: TOVILAPMOBRFRBOFTEEZEAL,. LHCbTROM-TLVS
hidden charm pentaquark(Zxt[&9 Hdoubly charm pentaquarkZz i~ %

2017/10/31 Flavor Physics Workshop 2017 @ Y7RA/\- YAV X =@ 25



INYDT YT ATAR



I R B AE R
@AY=V =4 (Odiquark-diquark-antiquark
(diquark-triquark)

X

ORABH4—4H (Othreshold enhancement

A* ’ ’[’(_
A()
. p
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HQS doublet
NE—REVN—bF—DEEIL my - co DIBIR THER

A INYAD
Spin 1 e Spin 1/2 Spin 3/2 S
p difference p p difference
ALY K* 398MeV 3 194MeV
Fop—Ls D D*  140MeV zc L7 65MeV
Rk L B B* 46MeV X Zl’; 21MeV

HQS doublet (P,P") HQS doublet (Zq,Z}})
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Heavy baryon — pion interaction Lagrangian

Ling = giglvge“”p"Tr S, A,S,| 4 g4 (Tr [S*A, B3| + H.c.)

T
S* = Bg" — —= (1" + ") B
Ji1 Ji1 g1 C B T
A S IR T G WD Fa s #
1 T | 7T | 1T
Ya ga HQSDO E M T THREEHRH
LT A I A, g1EGsD2DIZHIPRSND
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Lagrangians
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Y. R. Liu and M. Oka, Phys. Rev. D 85, 014015 (2012)
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