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1.1 QCD color singlet

Meson @@ @ Experiments : reported a series

of new hadron structures.
o
Baryon O
Hadron PR o @ Two key characteristics:
@ 00 o0 1. Inconsistent with the
, predictions of the
Exotic Hybrid Glueball Tetraquark

conventional quark mode.
states % @ : 2. Close to the threshold of a
o ® pair of traditional hadrons.

Pentaquark Molecular state
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1.2 Why do we study P system?

Predicting possible molecular states of nucleons with £.N, E.N,E.N
[Phys. Rev. D 110 (2024) 5, 054040]

@ S-D wave interactions ;coupled channel effects. <A
<

\
\
\
. . \ Resonance
@ Result : Search for hadronic molecule candidates and \
\
\

predict the existence of resonance states.

l(1+1)
r2 Manunnnmnn /

-

o

@ P- wave systems:

Molecule

[Phys. Rev. Lett. 133 (2024) 24, 241903]

@ The paper identifies G(3900) as the first P-wave DD*/DD* molecular resonance.
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2.1 Effective potentials

P-wave interactions ; coupled-channel effects.
Systems:= N, A2, Z.N, 2. A, E;N,X;A, 2.2, XX,

@ For the interactions between the light baryons and the light mesons:

Lppr = gppsBoB, (4) 846
Luge = S22 BySyg P, ) Z"NN=13.0’7 Phys. Rept.149, 1 (1987).
mp ; gﬂxx _34s Phys.Rev.C63,024001(2001).
_ B _ JBBV p v - P "> Phys. Rev. C 81, 065201 (2010
Lppy = gppvBY'V,B 2mg Bo*"0,V,B. (6) prN=19'82° y ( )

» S U(3) symmetry
@ Effective Lagrangians for the interaction between hadrons and light mesons:

_ _ 2
Lg, = [p(B3085) + iBp(B3V(V, — pu)B3). (1) ls ==2lp = _§9cmw:9'1 = i_.{-}’z;
Q o 2\'{_ fid b4 —
‘£Bﬁ = lS <S,uO-SP> - Egla“v‘{KvK(SpﬂvS,{) écmi oN ﬁ g - 23391! - _4‘gpNN:
- 2 _ Asgy = —+/82 gy = __6(gpNN+fpNN)
+i)83 (S,uvr.r ((VQ - pQ) S'{i) + Ag (SPF'uv(p)Sv),(z) sgv = 149V SMy
Lap, = iga(SHABs) + il v (S F 4 B3) + he.. (3) Estimated from the quark model

» heavy quark symmetry; chiral symmetry; hidden local symmetry.
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2.1 Effective potentials
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@ P and V denote the pseudoscalar meson matrix and vector meson matrix under SU(3) symmetry,

respectively.

@ B denotes the SU(3) baryon octet;
@ B: represents the triplet heavy-flavor baryons;
@ B:s represents the sextet heavy-flavor baryons.
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2.2 One-boson-exchange (OBE) model

Effective potential in Effective potential in

Scattering amplitude .
momentum space coordinate space

| |

M(@+b-c+d) ' Vi@ =~ -M(a+b-c+ ‘ 5 V(r)= |
G722 2
Interaction Lagrangian d)/\/2mg2my2m 2my J 23 ¢ V(@)F*(q* mg)
Feynman Rules Breit approximation Fourier transformation

I Form factor F (q mE) = A2 /\ (One free parameter< 2GeV),

m and q are the cutoff, mass and four-momentum of the exchanged
meson, respectively.
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3.11 Hadronic molecular states

Loosely bound molecular states in the single system

@ Method: the multi-Gaussian expansion method.
@ /(J?) = 0(07) The X/ single-channel system;

® R = R;:+ Ry (the size of the system should be

1(J") A E Frus L XCPPP)

larger than the size of all component hadrons) . e e 1007
1.060 -3.95 1.46 100/—

1.070 -1.21 1.26 100/—

® Mass M = My:+ My-|E| E: binding energy.
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3.12 Z.N System

. TABLE VI: The bound state solutions (the binding energy E, the root-mean-square radius rgays, and the probabilities p; for all the discussed
. Slngle'Channel SyStem . channels) for the E N systems with 7(J") = 0(07), 0(17), 027 ), 1(0"), 1(1 "), and 1(2") after considered the coupled channel effects. Here, the
unites for the cutoff A, the binding energy £, and the root-mean-square radius rgys are GeV, MeV, and fm, respectively.

No bound state solution. 1" A E rews ENCPEP) AXCPPP) EINCPPP) L ACPPP) EINCPLP) LIACPPP) LE(PPP) LECPPP)

® Coupled channel bound states: 00 ) 1.108 —1.70 1.23 - 007 0.01/-
1110 =5.04 0.93 - ~/0.07 0.01/-
> The obtained binding energies 1112 —8.63 0.82 e 1007 0.01/-
. ] 0(1) 1.074 —0.14 2.05 §31.59/20.52 31.55/3.88 13/0. - 0.13/0.13  0.05/ ~0.00
are very sensitive with the cutoff 1076 —3.22 0.97 f29.14/18. 34.20/4.24 19/0. - 0.15/0.15  0.06/ ~0.00
value. 1078 —6.52 0.83 f27.93/18. 35.44/4.43 74/0. - 0.16/0.17  0.06/ ~0.00
02) 1.108 —0.05 2.53 /6.50 00/0. - 001 0.01/0.01
> The dominant channels are not 1110 —3.57 0.92 ~/1.10 18/0. - —/0.01 0.01/0.01
the lowest channel Z,N , which 1112 =7.35 078 134 110, - 001 0.01/0.01
10) 1.103 —1.84 055 /566 /34.88 /0.09 /3.76 245~ 2031/~ ~/4.40 28.45/-
leads to the small size of these 1.104 —4.71 052 /538 —/34.74 -/0.09 -/3.76 2.48/~ 20.48/- —/4.40 28.67/-
1.105 —7.61 0.50  —/5.20 /34.57 —/0.09 3.5 250/~ 20.63/- —/4.40 28.86/-

bound states. I(1) 1092 —383 051 421001 2970/ ~0.00 2.68/ ~0.00 25.58/ ~0.00 ~0.00/0.03 ~0.00/0.96 36.72/ ~0.00 ~0.00/0.11

1.093 —6.68 0.50 4.09/~0.01 29.57/ ~0.00 2.70/ ~0.00 25.68/ ~0.00 ~0.00/0.03 ~0.00/0.97 36.85/~0.00 ~0.00/0.10

»  Thus, we cannot recommend ’ - | _ _ - e |

1.094 —9.56 049  4.00/0.01 29.44/ ~0.00 2.71/~0.00 25.76/ ~0.00 ~0.00/0.03 ~0.00/0.98 36.96/~0.00 ~0.00/0.10

these coupled channel bound states 12) 1103 —1.73 054 /531 ~/33.80 ~/0.28 315 231/0.02  21.29/001 /423 29.57/0.03
1104 —4.64 051 /507 ~/33.69 -/0.28 /316 233/0.02 21420001 /425  29.74/0.03

1.105 —7.58 049 /493 -/33.55 -/0.29 317 235/0.02 2153001 /426  29.88/0.03

as prime molecular candidates.
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3.13 Z.NSystem

TABLE X: The bound state solutions (the binding energy E, the root-mean-square radius rgyg, and the probabilities p; for all the discussed
channels) for the Z/N systems with 1™ = 0(07), 0(17), 027), 1(07), 1(17), and 1(27). Here, the unites for the cutoff A, the binding energy
E, and the root-mean-square radius rgys are GeV, MeV, and fm, respectively.

. In the cutoff A< Single channel ~ 1(J") A E  rews ENCPPP) | 17 A E s EINCPP)
007 1285 -137 159 100/ 1) 1.340 222 131 91.29/8.70
2.00 GeV, Wwe can 1290 -390 122 100/ 1.345 650 100 93.08/6.91
. 1295 —671 106 100/ 1350 “1130 086  94.25/5.74
obtain the bound 027) 1320 -021 299 74752524 | 1(00) - - - -
state solutions for 1327 427 127 8621/1378 | 1(1) e e - e
1334 947 098  91.19/8.80 12) e e - e
the single o) : Coupled channel  I(J") A E  rems ENCPPP) SACPPP) LE(PPP) 3CPPP)

007) 1280 -006 335 94.47/- —— — ~0.00 5.52/—

States With O (O B ) ) 1.290  —5.11 1.13 93.03/- —— —/~0.00 6.96/—
O (1 —_ ) , and O (2 —_ ) . 1300 -11.21 093 92.15/- —— —/~0.00 7.83/—

0(1) 1339 —173 141 87.64/8.94 - 029/0.00  2.75/0.26
1342 408 113 88.60/7.68 - 032/0.10  2.99/0.28
@ For other quantum
q 1345  —6.62 100 89.24/6.79 - 034/0.12  3.19/0.29
[ ]
0027) 1323 -059 224 71522225 - —/0.07 5.77/0.36
numbers, we did @) / / : L
. 1320 401 128 78.44/13.63 - /0,09 7.37/0.44
not ﬁnd hadronlc 1335 -818 102 81.63/9.32 e /0.10 8.45/0.49
107) 1276 —125 060  628- 43.15- /483 45.74/—
mOIGCUIar states 1279 -572 055 590/ 43.20/- /495 4594/
1282 1033 053 573 43.18- ~/5.06 46.02/—
nd thus m
a d thus ade 101-) 1604 —221 053 017075 0872966 5439413  0.06/9.96
corresponding 1607 584 051 015068 0882991 5402410 0.07/10.18
. 1610 956 050  0.13/0.63  0.8830.15 53.64/406 0.07/10.40
Selectlons. 127) 1277 —124 059  512/023  39.99/0.52 1443  37.56/2.16
1280 604 054  487/0.17  40.13/0.45 1444/  37.83/2.07
1283 1101 053  479/0.14  40.22/0.40 1443  38.03/2.00
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3.14 XX System

@ For the single-channel
system of XX with
I(JP)0(17) bound state
solutions exist. The
coupled-channel effect
has a positive effect on
this molecular state.

@® The XX/ XX coupled
molecular state with

1(17).

F/\EEFEETFELTs

TABLE XII: The bound state solutions (the binding energy £, the root-mean-square radius rgys, and the probabilities p; for all the discussed
channels) for the XX systems with /() = 0(0), 0(1 ), 0(27), 1(0), 1(1 ), and 1(2"). Here, the unites for the cutoff A, the binding energy
E, and the root-mean-square radius rgyg are GeV, MeV, and fm, respectively.

Single channel 1" A E Frus EECEIP)
0(1 ) 1.100 —0.10 2.86 100/0.00
1.110 -4.57 1.19 100/0.00
1.120 -9.84 1.00 100/0.00
Couple channel 1"y A E rFrMS LECPSP) LECPLP)
0(0 ) 1.150 -2.90 0.68 ~/1.63 98.36/
1.155 -7.47 0.67 ~/1.70 98.30/-
1.160 -12.18 0.65 -/1.76 98.23/-
0(1 ) 0.930 -0.04 5.15 29.25/68.48 0.37/1.89
0.950 -4.90 1.65 38.55/57.89 0.72/2.82
0.970 -11.83 1.30 43.64/52.22 1.05/3.07
02 ) 1.165 -2.19 0.77 ~/13.70 82.27/4.03
1.170 —-6.89 0.69 —f12.71 83.44/3.83
1.175 -11.79 0.67 -f12.21 84.18/3.62
1007) —~ /- - - /-
1(1) 1.850 -0.37 2.80 5.41/91.23 0.22/3.12
1.900 -3.68 1.57 6.25/89.31 0.24/4.18
1.950 -7.86 1.28 6.81/88.00 0.23/4.94
127) —~ /- - - -~
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3.21 Resonances

Shape-type

Resonances

Feshbach-type

@ For the : 4.2, 2; A, 2} 5. interactions with 0(0 —) ;
@ This leads to themaximum of the scattering cross

section,

AT oo .
G, = ﬁ —o(21+ 1) sin? §,(E)

@ The resonant width is deﬁned as I' =2 / ( ) ,

@ Msaa: M = M, +M; +E,

300

o 200

100

0.2 0.4 0.6 0.8
E(GeV)

A=1.07GeV E=0.14GeV I'=0.06GeV
2025F7H11H-15H T A<
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3.21 I(JP) = 1(07) X;Z Resonances

AZ/ZNEE 1(JIP)=1(00)

X I1(J%)=1(0)

A SIA SIS 120Fss '
60 : > = E
> | P 2 2 80 -
S 40 K P | =z k 2
= | = = wf T.
20 o : <
0 - 3 - i 0 E L 1
3500 3600 3700 3710 3720 3730 3740
M(MeV) M(MeV)

@ We can not obtain the loosely bound state solutions for the Z:X molecule with 1(07) in the
reasonable cutoff region.

@ Thus, this state is a shape-type resonance dominated by the XX channel.

2025F7H11H-15H T A<
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3.22 I(]P) = 0(07) Z/N bound state

EN/EN 1(J%)=0(0)

60 -

E  reus EINCPPP)
S40f: -137 159 100/
= [

~6.71  1.06 100/-

) SN S
3400 3500 3600

M(MeV)

@ The obtained resonance here is not an independent state, but corresponds
to the Z:Nmolecule with 0(0-).

@ The current results can provide the important information of the total
decay width for the Z.Nbound state.

F/\EEFEETFELTs 2025F7H11H-15H T A<



323 1 (]P ) = 1(17)Ac2 /22 Feshbach-type resonance

AZEANZE 1JIP)=1(1) AZZE I(TP)=1(1)
120F: ° y L B ! pl— - 120 i, 0 . T
ACZ 5 = | AcZ iZeA XX
S 80 i > 80 | \ -
<) . > E ~
= | 3 = g
= 40 }: - 40 % -
E T <
E < 4
0 : a | | A EI ad 0 2 - A o —
3500 3550 3600 3650 3500 3600 3700
M(MeV) M(MeV)

@ The ALY/ X X coupled interactions and the AcY / Y A/ XX coupled
interactions are very similar.

@ This indicates that the resonance is a Feshbach-type resonance, where
both the A2 and XX channels play important roles.
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4. Summary

In this work, we systematically study the P—wave interactions between the charmed

and light baryons by using the OBE model. The research results are as follows:

3750 3750
....................................................... 5's e
3700 | ¢ 3700F — ZX
3650 ... 55 3650 b T )
S A I e R R A SA S b TA

S s

53600- =3600
b= ! P! DTS URTRE P SR EN 2500 e =
------------------------------------------------------- A il IREIRRIEN ARIERISES (ESEEE MRS Do)

3550 3550+
....................................................... EcN T A

3500 3500 +
------------------------------------------------------- AZ SESTELES (ELSSULTSS EESSELTE| SESSESSES LESEETSEE) SERESSSEE V)W)

13%)=000) 0(1) 02) 10) 1) 12) IN)=0(0) 01) 02) 1(00) 1(1) 1Q2)

== hadronic molecule candidates *e¢®e*e** shape-type resonance Feshbach-type resonance
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Thanks for your attention
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