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+ Spectroscopy on lattice
+ Hidden-charm pentaquarks
H. Xing et al. arXiv:2210.08555

+ Doubly-charmed pentaquarks
J.-Y. Yietal. JHEP03(2006)006

J.-Y. Y1 et al. work in progress
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w>  Scattering on lattice

+ build large basis of operators {0, ©,, ---} with desired quantum numbers,
construct the matrix of correlation function:

— T _ * —Et
C;=<0[0,070> = D ZZ"e
n

+ Solve the generalized eigenvalue problem(GEVP):

n _ 0,,n
Cijvj (1) = ﬂn(t)cijvj (1)

¢ Eigenvalues:  4,(t) ~ e™5/(1 + e7257)

4+ Optimal linear combinations of the operators to overlap on the n’th state:
52n=:28ﬂ4%2
j
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> Scattering on lattice

" Diagonal matrix of
phase-space tactors |

4 General Liischer’s formula for two-body scattering:
det[1 ip -t (1 + i] = (0

Finite volume |

Inﬁnlte-volume iIl formati()n

| scattering matrix | M(E. .L)

+ Resonances/bound states are formally defined as poles in scattering
amplitudes.
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' Theory interpretations:

e Molecule bound states
* Compact pentaquark states

| D™ molecules:

_ 1
>.D,J" = 5 , P (4312)

_ 3~
> D* J' = (5 > ), P (4440)/P (4457)

] 3 _ 1
S*D,JP ==, X¥D* JP = (=
2 2

3 5_)
92 92 Y
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— _ . 1 —
2D and 2. .DF scattermg(]P — 5 ): 4.65

4.60 -
+ Five operators:

0, =2Z.(p)D(-p) (|p| =0)
O, =2 (p)D(—p) (Ipl=1)
Oy = 2 (p)D(=p) (Ip| =+/2)
O, =Z.(p)D*(—=p) (|p| =0)
Os = (p)D*(—-p) (Ip| = 1)
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* The finite-volume energies lie below the free energies, indicating rather i

| strong attractive interactions. |



#___ Hidden-charm

0.2

Scattering amplitude: Bound state pole: YD

0.19].

1 §
T ~ =1 S g0\ A
pcotﬁ—ip P llpBl % \ + i

Effective range expansion: > D: P (4312) ? o

1 1 e — —0.3— . . . :
pcotd(p) = — + —ryp? 4 - [d0 =~ 2:03)5)im
ay 2 E, = 6(2)(2)MeV

0.41 ZCD_*

0.3 - +
0.2-
0.1- +

Lischer formula:

> D* :P (4440)/P (4457) 1
2Z40(1; (2%

pcot6o(GeV)

ay = —2.3(5)(1)fm
Ly/7 E, = 7(3)(1)MeV

pcoto(p) =

<4 L32
<4 L48
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p?(GeV?)



> Hidden-charm Pentaquarks

Coupled channels:  #.N,J/wN,A.D,A.D*,%.D, X D*
1.90

1.85 -

Non-interacting energy levels:

Efree — \/m12+p12 +\/m12+p22
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Heavy diquark-antiquark symmetry

33— 3
I=1/2 QK
I = =, K
I=0 = K DK
[=3/2 = . T Drn
=0 R DK, Dy
= = K, Q.n~, DK, D
[=1/2 2., 2.0, . K Dr, Dy, D.K
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Heavy diquark-antiquark symmetry

303 -3
[=1/2

] =

=0
[=3/2
[=0

N DK, Dn

= = K, Q. DK, D«
[=1/2 2., 2.0, . K Dr, Dy, D.K
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iz Doubly charmed Pentaquarks  E§&:

* Scattering lengths from lattice QCD and BChPT

(S, 1) Processes M, ~300MeV M, ~210MeV EOMS HB
(-2,%3)  QccK — QK —-0.161(20) -0.136(12) -0.09*9-1% -0.20(1)
(1,1) E..K — E..K -0.177(23) -0.212(14) | -0.60+0.13 —0.25(1)
(1,0) E..K —> E..K 0.63(10) 0.694(90) 1.03+0.19  0.92(2)
(0, 3 ool = Bpooll ~0.140(15) ~0.143(24) ~0.16 £0.02 —0.10(2)

12
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* Scattering lengths from lattice QCD and BChPT

(S, 1) Processes M, ~300MeV M, ~210MeV EOMS HB

(-2,%3)  QccK — QK —-0.161(20) -0.136(12) -0.09*9-1% -0.20(1)
(1) B K- B K | -0177(23)  -0212(14) | -0.60+0.13 —0. 25(1)
(1, 0) C E..K—>E.K | 063100  0.694(90) | 1.03+ 0 19 o 92(2)
(0, 3 B..m— B.m | -0.140(15) —0.143(24) | -0.16+0.02 —0. 10(2)
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Scattering amplitude: = K(1,0), ERE fit (" = (Ap°/o))

1.0
i - F48P21 Fit result, x*/dof = 0.69

" 1 e _ -8~ T32P21 ag = 0.694(90), rg = 1.20(20) -
pcotd — ip 3 3

Effective range expansion:

p cot 0p(GeV)

11
pcoto(p) = — + —ryp” + -
N 2

Luscher’s formula:

L I T B ! ! I B L ! ! L !
—0.10 —0.05 0.00 0.05 0.10 0.15

2Z4(1; (2=)?) 7 (Gev?)
pcoto(p) = m,=210MeV

Lz

14



Heavy diquark-antiquark symmetrg

~ Doubly charmed Pentaquarks

303 — 3
I1=1/2 Repulsive
] = Repulsive
I=0 Attractive, virtual pole DK
[=3/2 Repulsive Dr
I'=0 DK, D
= DK, D.x
[=1/2 2., 2.0, L2, Dr, Dy, D.K
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Heavy diquark-antiquark symmetrg

~ Doubly charmed Pentaquarks

303 — 3
I1=1/2 Repulsive
[ = Repulsive
I=0 Attractive, virtual pole DK
[=3/2 Repulsive Dr
=0 27 DK, D
= DK, D.x
[=1/2 Dt Beells Q0K 22
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D*(2317)

Dz, Dy, DK D;¥(2300)
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c%z/sé Doubly charmed Pentaquarks
S s St -y oY
Heavy diquark-antiquark symmetri;
3@3 -3

I1=1/2 Repulsive

[ = Repulsive

I=0 Attractive, virtual pole DK

[ =73/2 Repulsive Dr

=0 DK, Dy  D%(2317)

= DK, D

[=1/2 =..m 2. Q. K 22 Dz, Dy, DK Dj(2300)
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S Summar
| _ . .
+ J' = > >.D and X_D* scattering are studied, bound states are found
in both channels; coupled channels need to be considered in the
future.
+ The interactions between the doubly charmed baryon (&, Q_.) and

the light psuedoscalar mesons (7, K, K) resemble the interactions
beteween (D, D,) and (7, K, K); a bound state 1s found in the I=0 ZE_K
channel.
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