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Observation of a Narrow Pentaquark State, P.(4312)*,
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The data cannot confirm or refute the two-peak hypothesis.
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§2. Formalism

®» Coupled Channel Unitary Approach: solving Bethe-Salpeter equations, which
take on-shell approximation for the loops.
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where V matrix (potentials) can be evaluated from the interaction Lagrangians.
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G 1s a diagonal matrix with the loop functions of each channels:

2M, 1
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The coupled channel scattering amplitudes T matrix satisfy the unitary :
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To search the poles of the resonances, we should extrapolate the scattering amplitudes
to the second Riemann sheets:

Gl (s) = Gly(s) + i fem




Considering the heavy
quark spin symmetry

S1 /1 Sy /5 = — ZC z:
W DI:>D*
- - SC:V\ :42-:
@, 6,5 (SezL's ' THELIS L3 . ) g, 0y = 8118s: 58 (EmaS IIHEP 1emEsS)

[€mSmimS: €espjB: J) = Z [(2Scc + 1DQRL+ 1)2jm + D(2js + ]2

AC.SC("
im g L

¥ S.M S.B Sce |£SCE:])(KM£BS)
M JjB ]

X. K. Dong, F. K. Guo and B. S. Zou, Progr. Phys. 41 (2021) 65;
Commun. Theor. Phys. 73 (2021) 125201.




§3. Pentaquark states

Pcs states

week ending
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o J=1/2,1=0 a,(p = 1GeV) = —1.94
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for the D*=, channel
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Noting the results for Pc
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Recalling the results in Pc states

states [MeV] Widths [MeV] Main channel J”  Experimental state a(p = 1GeV) = —2.09
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Further investigation

PB(1/2%) sector with J¥ = -
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Further Results-1

(1) J¥ = 1/2~ Pc poles: full coupled channels
/
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Pc poles : PB and VB sectors
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(2) Pc wave functions : full coupled channels
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(3) Pc radii: full coupled channels PB and VB sectors
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(4) Single channel interaction J¥ =3/27 Pc states
poles:

4320 - DI, - DI,
4461
4319
4460 -
4318 A
. 4459 -
- -
= =
= 4317 - =
@ o 4458
4316 o
4457
4315 A X
4456 -
4314 A
4455 -
500 550 600 650 700 750 800 850 900 500 550 600 650 700 750 800 850 900
Qmax (MeV) Gmax (MeV)
4385 152
—= D3] - D3/
4384 -
4525 -
4383 -
4524 A
2 4382 - 2
= = 4523 -
177} w0
g 4381 - 3
= = 4522 4
4380 4
4521 -
4379
4520 A
500 550 600 650 700 750 800 850 900 500 550 600 650 700 750 800 850 900
Qmax (MeV)

Gmax (MeV)

20 N\




Re[¢(r)]

Re[¢(r)]

Wave functions:

0 .
~200 -
—400 -
~600 -
—800 A
~1000 1
~1200 4"
F —— gmax=600 MeV, E=(4319.17 + 0.00i) MeV
~1400{ / — . gmax=700 MeV, E=(4317.81 + 0.00i) MeV.
" —— gmax=800 MeV, E=(4316.05 + 0.00i) MeV
0 2 rim g 8 10
ps:
0 .
P
—200
—400 -
~600 - !
~800 - f
b
~1000 4 ,/,'
/1
-1200 4/’ I’
F —— gmax=600 MeV, E=(4383.74 + 0.00i) MeV
—14004 7 — . gmax=700 MeV, E=(4382.37 + 0.00i) MeV
L/ —— gmax=800 MeV, E=(4380.61 + 0.00i) MeV.
2 rm - g 8 10

Re[¢(r)]

Re[¢(r)]

—200 A

—400

—600 -

—800 A

—1000 A

-1200° Il

—1400 A

-

—— gmax=600 MeV, E=(4460.39 + 0.00i) MeV
= gmax=700 MeV, E=(4459.01 + 0.00i) MeV
== gmax=800 MeV, E=(4457.25 + 0.00i) MeV

—1600 4

r (fm) é ! !

8 10

D3}

C

—200 A

—400 -

—600 A

—3800 A

—1000 4

—1200 4

—1400 4

—1600 4

-

—— gmax=600 MeV, E=(4524.95 + 0.00i) MeV
— - gmax=700 MeV, E=(4523.57 + 0.00i) MeV
== gmax=800 MeV, E=(4521.82 + 0.00i) MeV

rm - g 8 10




- *
D3, D %,
4.0 —&— \ethod 1 —&— \lethod 1
—e— Method 2 .5 —e— Method 2
3.5
3.0
= 3.0 =
= =
= = 2.5
L 25 T
- 2.0 20
L5 L5
500 550 600 650 700 750 800 850 900 500 550 600 650 700 750 800 850 900
Qmax (MeV) Jmax (MeV)
— * - ¥ *
D3, D"z,
40 —a— Vethod 1 —=— \ethod 1
—o— \Method 2 3.5 —e— \ethod 2
3.5
3.0
— 3.0 —
= =]
= =
_ — 2.5
E 2.5 E
B 2.0 20
L5 L5
L0
500 550 600 650 700 750 800 850 900 500 550 600 650 700 750 800 850 900
Gmax (MeV) Gmax (MeV)



Further Results-2

(1)/ Jf =1/2~ Pcs poles: full coupled channels
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Mass

Width Main
[MeV] [MeV] [MeV] channel J¥

Experimental

states
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Pcs poles : PB and VB sectors
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Gmaz Mass Width Main Experimental
[MeV] [MeV] [MeV] channel Sector J¥ state
600 4192.98 0.08 D=, PB 1/2° =
700 4119.94 002 D=, PB 1/2- —~
800 4022.65 0.00 D=, PB 1/2° R
600 4331.75 0.08 D*Z., VB 1/2= P.(4338)
700 4255.99 0.03 D*ZE. VB 1/27 —~
800 4154.78 0.00 D*E, VB 1/2- =
600 4422.56 10.58 DZ. PB 1/2= P.(4459)
700 4399.34 15.79 D=, PB 1/2 —~
800 4359.24 12.85 DZ=!. PB 1/2 R
600 4564.95 31.49 D*E, VB 1/2° R
700 4543.50 47.12 D*Z. VB 1/2~ R
800 4500.82 41.50 D*=! VB 1/2 E
600 4626.34 10.12 D*Z* VB 1/2- —~
700 4598.59 17.05 D*=X VB 1/2~ =
800 4564.59 20.87 D*Z* VB 1/2- —~




(2) Pcs wave functions : full coupled channels
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Pcs wave functions : PB and VB sectors
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(3) Pcs radii: full coupled channels
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(3) Pcs radii: PB and VB sectors
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(4) Single channel interaction J¥ =3/27 Pcs states
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Wave functions:
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S4. Tetraquark states

PHYSICAL REVIEW LETTERS 127, 082001 (2021)

/
BESIII Collaboratio
PHYSICAL REVIEW LETTERS 126, 02001 (2021) Observation of New Resonances Decaying to J/yK™ and J/y¢
R. Aaij et al.”

(LHCb Collaboration)

Observation of a Near-Threshold Structure in the K* Recoil-Mass
Spectra in e*e~ — K* (D7 D**+D;~D")

\ | /
(s = 4.681 GeV

| State |Signif.|JP| Mass(MeV) | Width (MeV)

Z.(3985) 53c ?? 39825138421 128133+ 3.0%
Z.(4000) 15 1+ 4003 +6%%, 131£15+26
Z.(4220) 590 1+ 4216+ 24%%3 233 +52%97
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A survey of heavy-antiheavy hadronic molecules

Dong Xiang-Kun

1,2%

, Guo Feng-Kun 2t Zou Bing-Song

1,2,3%

System | Eiy Jre Pole (0.5) Pole (1.0)
DD 3734 0+ (1,1.31) (1, 35.8)
DD* | 3876 1T (1, 1.56) (1, 36.2)
D.D, | 3937 ot (2, 35.5) (2, 4.72)
D*D* | 4017  (0,2)"*, 17~ (1, 1.82) (1, 36.6)
D.D: | 4081 17+ (2, 31.0) (2, 3.15)
D:D: | 4224  (0,2)t+ 17~ (2,26.7) (2, 1.92)
DD, | 4330 2=+ (1,2.2) (1, 36.7)
DsDgs | 4537 2=+ (2, 21.3) (2, 0.713)
Di1D; | 4844  (0,2)TF, 17~ (1, 3.01) (1, 36.7)
D1D, | 4885 (1,2,3)= (1, 3.06) (1, 36.6)
D2D2 | 4926 (0,2,4)"* (1,3)"~ (1,3.1) (1, 36.6)
Ds1Ds1| 5070 (0,2)t+ 11~ (2, 11.7) (1, 0.074)
D, D, | 5104 (1,2,3)** (2, 11.3) (1, 0.104)
Dy Dgy| 5138 (0,2,4)7F,(1,3)™~ (2,10.9) (1, 0.139)
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Xiang-Kun Dong!?2,* Feng-Kun Guo'2,’ and Bing-Song Zou
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A survey of heavy-antiheavy hadronic molecules
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Molecular nature

PHYSICAL REVIEW LETTERS 126, 152001 (2021)

Explaining the Many Threshold Structures in the Heavy-Quark Hadron Spectrum

1,2 1,23

Xiang-Kun Dong ,1‘2 Feng-Kun Guo®,
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and Bing-Song Zou
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f,(1710) and a,(1710) states

Chiral symmetry amplitudes /

in the S-wave 1soscalar and isovector channels

and the o, f0(980), ao(980) scalar mesons L. S. Geng and E. Oset, Phys. Rev. D 79, 074009
J.A. Oller, E. Oset (2009): Coupled channel approach

\KK molecular state ) K*K* molecular state

S =0 sector S # 0 sector ?



We try to investigate......
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Systems Coefficients I =0 Exp.
KK | 5(=3F )’Kf 2V?)g?
— (-3 €W +2V))g?
KK* | 3(=3V/+ V¥ +2V?)g?
X (2900)
(—3VF + V¥ —2V,%)g X (2866)
(—=3Vf - V¥)g’ 50(2317)

(—3Vf —V¥)g*

D,1(2460), Ds1(2536)

1
2
1
2
1
2

D*,(2573)
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KD

KD*

DD?

K*D,

D*Dy

K*D*

D*D?

DDy
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Z5(3985)

DsDs

D* D,

D,D*

D*D:

Z,65(4000)

D3 Dy




W) = 3y) — m?2 PV PV
E V (mez)
Vi = (k1 + k3) - (k2 + k) i
Vi, = (k1 + kq) - (ko + k3) T/V () PV (p4)
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(b) u-channel
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Systems Ours-new Oset’s Ours-new?2 Oset’s-2 Exp.
(@maz = 883) | (Gmaz = 1100)|  (¢maz = 760) | (gmaz = 843)
KD (2362.89) 2354.10 2346.74 2362.40 2362.82
K D* (2504.20) - 2502.68 - =
K*D (2760.86) 2694.17 + i42.94 2689.01 2747.40 2741.24
K*D*, J =0 (2902.17) 2866.14 2866.38 2897.82 2897.02 | X (2866)
K*D*, J =1 (2902.17) 2894.66 2859.98 2902.06 2895.50
K*D*, J =2 (2902.17) | 2813.41 — i135.96 2745.76 2807.55 4+ 166.51 2837.49
KD (2362.89) 2258.22 2262.15 2317.36 2317.14 | D%,(2317)
K D* (2504.20) 2391.78 V 2400.22 24555.06 2456.29 | D41(2460)
K*D (2760.86) 2698.42 — 1237.63 2504.39 2684.60 +1¢170.50| 2620.27
K*D*, J =0 (2902.17)  2874.93 + i192.31 2713.15 2849.62 +¢135.30| 2804.40
K*D*, J =1 (2902.17) |2866.91 + 1164.04 2748.72 2857.40 +14112.55| 2826.76
K*D*, J =2 (2902.17) | 2824.87 + i259.85 2600.70 2817.27 +4189.09| 2732.68 |Dx,(2573)

40 \

CWX, J. J. Wu, Eur. Phys. J. A 61 (2025) 179




§5. Summary

®» To generate the Pc states, the full coupled channel interactions with the
heavy quark spin symmetry are important, which affect seriously the widths

of the corresponding poles.

not so necessary to reproduce the Pcs state using the full coupled

annel interactions with the heavy quark spin symmetry, showing that the

results of the splitting PB and VB sectors are not much differences.

® 3]l the main bound channels have similar binding energies for the single

channel interactions.



§5. Summary

®» We dynamically generate the resonances:
X(2866), D*,(2317) and D, (2460)

®» We find some attractive interactions, which would be more molecular

etraquark) states with strangeness as our predictions?

ope future experiments and theories bring more clarifications on
these issves.......
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Aug 27 — 31, 2026
[~ PFERR

Asia/Shanghai timezone

23R F20265F8 A 27---31 80 (278 F44RiE, 31
Ba) BT RKAMEBEEZF. X% —LHR
£, W A¥E., 2B0KBUEME, ZIFA LS 1500
TIN, FE1000T/ A6

2L M Ak https://indico.ihep.ac.cn/event/29685/ .



https://indico.ihep.ac.cn/event/29685/

Thanks for your attention!

Rt K K 6937 |
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