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A SCHEMATIC MODEL OF BARYONS AND MESONS
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Phys. Lett. 8, 214 (1964)

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

Received 4 January 1964

A simpler and more elegant scheme can be
constructed if we allow non-integral values for the
charges. We can dispense entirely with the basic
baryon b if we asmgn to the triplet t the followmg
properties: spin 3, z = -3, and baryon number
We then refer to the members u3, d-‘, and s-7 of
the triplet as "quarks" 6) q and the members of the
anti-triplet as anti-quarks q. Baryons can now be
constructed from quarks by using the combinations
(@qa),l(@aqqq),|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.

T O

N’

*



1.4>I~l;!9°’7°>-=1'//

—

TR0+ —7
X(3872), Belle 2003
Y (3940), Belle 2004
Y(4260), BaBar 2005
Z.(4430), Belle 2007
Z,(4051), Belle 2008
Y (3940), CDF 2009
Z,(10610), Belle 2011
Z.(4200), Belle 2014
X(5568), DO 2016

SIRILF—FEDFR@HELZVHII5T

2000%

IXYFvonkaY
RUBGF—Y
®*, LEPS 2003

P (4380), LHCb 2015
P (4450), LHCb 2015

B

Vo IAN

=S LARE, R A7

OVNFER

2017/05/18

e’

T AN

10

=
J.



1. />bAR O3y

2. RUBYA—HP(4380)EP} (4450)DFER

3. PF(4380)DENTE T DFER

BIRIX—FDFER@EEVHIIZT 2017/05/18



MT—OP;LM%O)%PJ(M )b%ﬁ
732 x=—/) P*(4380) & P.F(4450)

~ 20154EIZLHCOEER(CERN) T AY - J /Y p K~ D EREMS
Fr—LIA—DEEL2DDRUEI+—IPI BFERENT-

S s t P (4450)
- 0 LHCb :

\\:5600 /{ PC+ (4380)‘ S K—
3 J u

u
A €
Ay u—->\_g
(1-—-%-—————-—————a>——wi

y \ 2(% 3N I g =0 :},-‘)-‘r.i':;.-f;]u
N G50 Bty -+ ) " OG0 e © 'L:,
-\ -
O i -""1“1‘;‘ X N i .)-.v{*‘:‘\l'k‘ Yasw - TR NI U T Rihe _ﬂ Le“. e’ \
4 4.2 4.4 46 4.8 5
: \ j mJ/ vp [GeV] Nt
HIRLE—FOLL@ MLV HL=ITT \ ! 2017/05/1 12
t

LHCb Collaboration (Roel Aaij (CER al)Phys.Rev.Lett. 115 (2015) 072085

]



R 5+
P+ (4380) 4380829 205418786 - or B lorl2
2 2 2 2
1 + -
PF(4450)  4449.8+17+25  39:£5+19 Z S or P orl®
2 2 2 2
= LHCb Collaboration (Roel Aaij (CERN) et al.) Phys.Rev.Lett. 115 (2015) 072001
» S\
I.%SOO W- ( u}
400 b l;l n
. 0 i c L P -
100| Ab u \_ u
0 d 4» _) d o
et
BIRINF—EDEL@HEHEOHII5T 2017/05
@ N’ : <

13



yar— " (4580)&19;(4450)0)%% Ea E?:Eﬁ'\\)lx

AHFETlE/\NFAY

SIRILF—FEDFR@HELZVHII5T

(Odiguark-diquark-antiquark
(diguark-triquark)

=T L%

u-u

ORVBGF+—5

()

2017/05/18

N

2, \!

JLNTP(4380)[2DULNTHEAT -

. N7
)



1. />bAR O3y

2. NG+ —PF(4380)EPF (4450)DFE R

3. P}(4380)DEMETDFER

BIRIX—FDFER@EEVHIIZT 2017/05/18



3.BF (4380)0)%4%0).%%

EDKIENRAY 7 FH

- NBDA—DPFDE =&zl threshold®D

Fro—LRNAYF - Fr—LEAY Y DF v RILAHS

threshold (MeV)

4526.7
4462.2
4385.3
4320.7
4295.1
4153.6

SIRILF—FEDFR@HELZVHII5T

B<ERELT-
»,D* 4 p P (4450)
Y*D 4 > P1(4380)
>.D
AcD™ D F R IJLBthreshold[FELND T
AcD EAIRREDRIREMEM L)
~ \o/

S
N’ o; \N

=
J.



3.PC+(438...0)0)ﬁ¥’F)4%0)%E% e
~ AD —ZD - DSKRERFrRILDEERT

S s, D 3. D* I D'

threshold (MeV) Iu___l I;___ I;___I
4526.7 ¥iD* 1 x il i
4462.2 ».D* | P+ (4380)IZ A, D* YD) ) IPRRT )
4385.3 »+D | thresholdA¥iE< X D D 5* D
4320.7 .0 BEHEHESKT
4295.1 AD*| BRI ATFYAIL '“I 'ﬁ.'l '“I
41536 AD DiESIRREZHENT A, D* 5* D 5. D

D' A D* A, D

| >
|
|

O ~ A
rtREFRBARTOv LS r
A

SIRILF—FEDFR@HELZVHII5T

M
=]
*x

e

(o
/(ﬁ



3?@»@%@0)%*&&%0)%%

Nty
R B D S =ELAN= 7
AD* = 3:D — X, D' (SIR)FEEF Y RILDEET
@Al — AR e
[-%62 + V(r)] U(7) = EY(7) U(r) = | ¢sp(r)
Vs, p=(T) zcﬁ*
VACD*—ACD* (T) VAJD*—E;D (T) VACD*—ECD* (T) 82 MeV
Vir) = VAJ)*—Z;D(T) VZzD_ngy(T) VZCD*—E;I_)(T) ZZE -/
Vacpr—s.0+(r) Vsep_s.p+(r) Vs.pr—s.p+(7) i 3 2HSH P (4380)
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Table 1 Channels of the n.N, J/¥N, A.D® and = D* molecular states for each isospin I, total angular
et momentum J and parity P. The total spin s and relative orbital angular momentum L are indicated as >*'L .

threshold (MeV) 1(JN)=1/2(3/27) 1/2(3/2%) 1/2(5/27) 1/2(5/2%)
4035.8 J/YN SIDAD ‘PAPYF DD ‘PPFAF
4153.6 A.D 2D 2p 2p 2F
4295.1 AC.E* 4S2D*D PAPAF DADAG AP2FAF
4320.7 =.D D 2p D ’F
4385.3 D “S2D ‘pAF ‘DAG ‘pAF
4462.2 >.D" 4S2DAD 2pAPAF 2DADAG AP2FAF
4526.7 D' | 4S2DADSDSG | 2PAPSPAFSF | °S2DADSDAGSG | ‘PO PEFAFCFCH

J/¥ — NF¥R)L 3FvxRIL  3FvRIL 2FvRIL 3F¥RIL
A (ZO)-DOFrrI  15FrRIL 15FrRIL 16FVRIL 16FvHIL
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\/ Most of the exotic hadrons have »)
- charm or bottom quarks

*The kinetic energy is suppressed by the heavy quark mass.
It is easy to make bound states.

*Degeneracy of the heavy quark doublets

Heavy Quark Symmetry ———
{ ) e—
heavy
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\/ Heavy Quark Symmetry (HQS) -,
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Heavy Quark Symmetry (HQS)

NE—VF—VREVIZERFLI-HHEE.

(Fro—LREL)
HQS doublet (j # 0)
I=j+1/2 J=j—1/2

; ANE—94—7% :spin 1/2

Brown muck : spin j
(BLNIA—IDAEV P EREFHEZSHLE-2XEY)

EIRINF—FEDFR@HEZVHIITT

i —

11X 1/m, THIHISNS
HQS singlet (j = 0)

J=1/2

ANE—D4+—7 : spin 1/2
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| HQS doublet
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Y AE—9r—HREUIRELIHEE AL 1/m, TlEIEh S

(Fr—La7Rb L)
A A ') T.‘/
ALY K K* 398MeV 194MeV
F—Ls D D* 140MeV zc z;j, 65MeV
SIS A B B* 46MeV T i 21MeV
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2 One Pion Exchange Potential (OPEP) —
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_ A A —m® ERRTAIS
Yi(m, A, T_)x_ Y (mr) — EY(AT) BTy . i
Vir) = BINERTU v R
=

A DYRA T I1NT A =3 (deuteron D FAZE TIL1000MeVRTZ ESNTLND)
%‘I*)bﬂ?—%wiﬁ@iﬁﬁ&&‘z‘?zﬁﬂg’} ﬁ N %‘:ii 7N j_é 2017/05/18 30 \/

-

- A\ J.



\'/ BAKERH. RKKHE., [RHIEE. Phys. Rev. D93(2016), noliTlZ&)ﬂ
»:D — X . D¥EETFrRILDEENT =
>.D*
X D X D IR ) 82MeV
__________________ | JsMev ¢
n n TT P (4380)
z: E ZC l_)* ZC E*

PF(4380)DE =z bthreshold ANELNE DF ¥R ILE
R|ZthresholdHNELNE D*FrRILDIEEETEZD

(EhE

SIRILF—FEDFR@HELZVHII5T

.E@%si&@#ﬁ%@&) =

2017/05/18 31 \-/

e e )



:I
ll".

-

INDA—A

AL TaH—AHER

ANE—N\)A b BFDHEEESH J1
ETILIZKDEE M : 91=0.94

[Y.R.Liu and M.Oka, Phys.Rev.D85, 014015(2012)]

Z_TIl0.75,0.95,1.95 DIGEZRANTHIRKFEZT RS
(FE4THZE TI1X0.94)
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n B F R HIZ L DdeuteronDEEFT M5 FI1000MeVES NS
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i 2D — X DEEFrRILDEFHER

g1 = 0.95,A = 1600MeV

0.1

5*D

0.02 —_
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(2*D MthresholdZ H %) 2.1MeV B
R 53 B XD :99% |
T FEF X 1.5fm

0
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KO- b

0 1 2 3 4
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