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 LHCD:
=11(3621), P (4380, 4450), 592
 Belle and BESIII:

X (3872), ZF(3900), Z;-(10610)



« Duality:
A=¢’N.>11lp/R< 1
*  Symmetry:
SUL(Ny¢) x SUr(Ny) x SUg(2)
* Organize:

Ney A > mQ/MKK > 1
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HL Mesons in D4-D8-DH
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HL baryons in D4-D8-DH
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Baryon stability
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Zero Mode and Spin Transmutation

Bound state equation (M=1,2,3):

Dy Dy®n +2Enp @y — DyDy®pr =0

Constraint equation:
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1 (Do@yr = Dy ) M~ e,

Kynpg =0

ma/Mycx > 1 e

Non-relativistic reduction: ®;; = e "% ¢,

Zero-mode solution: ¢%;, = x5(0nr)sataa
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Quantization: SU(2) no H
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Heavy-Light: SU(2)

Ng = X'x
3 (x"x)?
H=H Xal = 3522 X'
0[7TI77TX7aI7 ] 327T2a/p2x X+ 247T2ap2Nc
~ L o T
J=-1+S, = —I—I—XT§X

Ng =1, | = even

INog =1,JM,lm,n,,n,) with IJ" = ! (£i1> ) [=1/2, J=1/2+5
T =(—1)"

ZRNZH2

Ng =1,3,.. [ =even :fermion — state

Ng =0,2,.. [ =odd :fermion — state



UK 1/MKK < mp;/iMKK < MN;, My < M[D,D*|;|B,B*]



Single-heavy: NQ=1

n, =n, =0:

1 arF
[=0:1J7 =05 :A[2286,2286] As[5655, 5620]

1-1-
l=2:1J7 =15 :5[2725,2453] 54[6134, 5810]

3+
[=2:1J" = 15 : 20 ] ]

n, = 1,n, = 0: Roper — like

n, = 0,n, =1:odd — parity
Liu-Zahed 17’



Pentaquarks
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Heavy-Light: SU(3)

Ng =1, | = even
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Quantization: SU(3)
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Single-Heavy Baryon with charm

n,,n, =0,Ng = 1:

+

(p,q.5) = (0,1,0) for 3, J™ = 1": Ag,E0(3)

(p,q,5) = (2,0,1) for 6, J = 1,3: $5,2¢(6),Qq and T, Z5(6), Q.

Ac(%)tM = 2117[2286]
Ei’(%)*,M — 2320 [2468]
zc(%)ﬂ ;(g)+,M = 2641 ([2453,2518]
EE(%)tEg*(g)iM = 2740[2576,2646)
Qc(%)t(z;(g)tM = 2840[2695,2766]
QC(%)_,QZ(g)‘,M = 3656 (3050, 3066]
QEc(%)+,Q%C(%)+,M — 3813[3090,3119]




Single-Heavy Baryon with bottom

nz7np = O,NQ — 1:
(p,q.4) = (0,1,0) for 3, J™ = 1"

(p,q,j) =(2,0,1) for 6, J = %, %: ¥q,Eq(6),2q and X5, E5(6), Q.

Ab(%)JF,M 5580 [5619]
EZ’(%)*, M 5696 [5799]
Eb(%)t zg(;)t M 6022 [5813, 5834|
Eg(%)ta“(g)tM 6079 [* * **, 5955]
Qb(%)JF, g(gﬁ,M 6153 [6048, + % ++]
Qb(%)_, g(gr,M 6951
QEb(%)JF,QEb(g)JF,M 7041



n,=mn,=0,Ng=Ng=1:

(pa%j) = (17 1

(p,q,7) = (3,0, %) for 10, J™

) for 8, J™

4680 [4380, 4450]
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Charm-, bottom-Pentaquarks
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n,=mn

(p,q,J
(p,q, 7

) =
) =

Mixed-Pentaguarks

»=0,Ng=Ng=1:

1
(1,1, 5 2

) for 8, J™ =1,
(3,0,2) for 10, J™ = %‘,
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A5 5)7s M
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1—1*

QQ'=QQ’

@160 20050 (8)
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Charm-, bottom-3-plets

n,=mn,=0,Ng=2:
_|_

(p,q.5) = (1,0,0) for 8, J™ = 3" Eqq, e (3)
Ecc(%)ﬂM — 3776[3519]
Qcc(%)ﬂM — 3848
Ecb(%)+,M — 7184
ch(%)+,M _ 7257
Ebb(%)+,M — 10584
be(1)+,M — 10657



 D4-D8-DH: LxRxH
 HL baryon: ZM+l
 Many Exotics



