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Observation of G(3900) [1]
Consistent with previous
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¢ (3900) : Possible P-wave resonance?

Mass: 3872.2 4+ 14.2 + 3.0 MeV

Width: 178,75 VAT 470 MeV Very close to the DD* threshold

I =0 E plane [>0 E plane
Bound state Bound state
o > ® Pl
O e e o o e
Virtual state \.
Resonance
(a) (b)
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State 1¢(JF9 Mass Width Threshold
Z.(3900)%[1] 1t@at) 3887 + 3 28+ 3 DD*(3876)
Z.(4020)*[1] 1+(?7) 4024 + 2 1345 D*D*(4017)
Z,(10610)°[1] 17(1%) 10607 + 2 18 + 2 BB*(10604)
Z,(10650)°[1] 17(1%) 10652 + 2 1242 B*B*(10650)

State 1J%) Mass Width Threshold
Z.s(4000)*[2] 5(1+) 400317 131+ 30 D.D* + D:D(3977)
Z.5(4220)%[2] 1(1+) 4216132 23311150 D:D*(4121)

2
[1] Prog. Theor. Exp. Phys. 2022, 083C01 (2022).
[2] Phys. Rev. Lett. 127, 082001 (2021). 3 S
1

L : : PC
Possible interpretations: Molecular state, virtual state, tetraquark, ]
kinematical effects (cusp effect, rescattering effect).
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Framework

Veowr = V (Fy, F>,01,02,p,p) Veon = (Fy - F)V (01,09,p,p)

~

Veont = (Fl'F2)V(0'170'27p’p,)
— (F1F2) (V(O) +V(2) +V(4)),

Cont Cont Cont

Effective

. (0) .
potential Veaw = Cs +Cray - oo,

7
Vc(fgt = Clq2 =t 02k2 . Z C;0;,
=3
Vi = Dig* + Dyk* + Dsg®k® + Dy (q x k)

15
+2_Di0};
=5

E. Epelbaum, W. Glockle and U. G. Meissner, Nucl. Phys. A 747, 362-424 (2005).
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L: angular momentum
_ s: total spin
|‘}[D(*)D*]5’, c) J:total angular momentum
|: total isospin
c: C-parity

Effective  Yiwonsg = (PO ¢ Ve iDV D75, )
3 2 2
potential = Clhiperpr15.) ¥ Clsiperpei.e) (07 +27)
1 2,12 2 4 4
+D|?[D(*)D*]§,C>p p’ +D|?[D(*)D*]§,c) (p +p’ )v
Visipobejee) = <?[D(*)D*]§,CI Veont ?[D(*)D*]ff,c>

= Clsip@ 1.y PP + Djsper poje oy PP (07 +27)
Voo by = (I DR, ¢| Ve [{D D17, c)

- DI?[D(.)D,]?’C)pzplz, Only include Lowest
order contribution
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Effective potential Heavy quark symmetry

DD*

Yiwos-y = %0 VipD+35,,4) € ViD+ D+ 355,415
Viwpep,y = 987 P VDD 3+ VDb See,
DD*\Z,—) )
1 1
DD* 1 V|DD",3D1,—) < ‘/ID"D‘,:’Dl,—)?

V [y * — .

jopip) = 0 PP VoD 200,01 © Vid D 20s 1)
iy ‘/IDD*’SD&") © ‘/lD*D"‘,3D3,—-)1
g = 4n(Cs-Cr),

gPb = 910(1921)1 + 12D, — 48D — 48D4 — 192Ds
_12Dg + 48D; + 48Dg — 72Dg + 18Dy Vipb+ 3Py, +) < ViD=D+ 3P +)
—176Dy; + 44Dy, + 44Dy3 — 11D — 40D;5), Vipp=3p,—)y € ViD=b+3p,, ),
g?[)‘ = ;_r (=8C1 +2C, +8C3 —2C4 +2C5 —4Ce + C7). V|DD*,3P2’+> e V|D*D*’3P2’+>’
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Lippmann-Schwinger equation (LSE)

&>q V(p.q)T (q,p)
(2m)® E- -g% + 1€

T (p,p’) = V(p,p)+

Bound/virtual states:

Two types of FF
p? 1 — QED*MDD*G% (k) =0,
Fr(p) = exp(—
A(p) = exp(—73) Resonance:

_gih—n (12
FA(p) — H(A p) (1 AZ) Re (1 —gII?D*}LDf)*GzL (k')) = 0,

A = 0.5 GeV =
Im (1 — 97" wpp-Gar (k)) = 0,
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1— 92" ppp-Gar (k) = 0,
1—9g7% ppp-Gar (k) = 0,

DD* ___ BB* )
dr HpD* = 9L HBB*;
DD* _
dr~ _ HKBB-*
— = ;
ng H DD+

Relating DD™ to B®BX)

NDD*EgD* = ,UBB*EgB* ;
tpp-L'ppr = Hpp-l'pp~
State Mass Width Threshold
Z.(3900)* 3887 + 3 28+ 3 DD*(3876)
Z.(4020)* 4024 + 2 1345 D*D*(4017)
Z,(10610)° 10607 + 2 18 + 2 BB*(10
Z,(10650)° 10652 + 2 12+ 2
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S/P/D-wave pole trajectories
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Numerical results and discussion
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Results for P-wave resonance

G(3900) Exp: Mass: 3872.2 4+ 14.2 £+ 3.0 MeV
Width: 179.7 4+ 14.1 £ 7.0 MeV

Model I (gPP" = —72.713L5, GeV~%) [ Model I (¢PP" = —58.61338, Gev™)
State Mass (MeV) Width (MeV) Mass (MeV) Width (MeV)
6[DD*]¥, —) |73872.5 + 14.5 19.0+as 13872.5 + 14.5 125:4+35¢
3[D*D*|T, —) | 4014.0 & 14.0 1148120 4014.01122 12081391
I6[BB*]T,—) | 10603.1 £5.3 B 10603.175°5 A58t s
3(B*B*)¥,—) | 10648.3 5.3 A8 ot 12 106483729 45,675

D*D* G (3900
1 partner of G(3900) 2. B®B* partner of G(3900)

1(4040) ¥ 1I6(JPCY =017 ) Also predicted within the OBE [1,2]

[a] JPC known by production in e e via single photon annihilation. 16
is not known; interpretation of this state as a single resonance is unclear 1.J.
because of the expectation of substantial threshold effects in this energy 2. Z.
region.

. B. Cheng, L. Meng and S. L. Zhu, arXi
G. J. Wang and X. Liu, arXiv:2505.0
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Results for D-wave resonance

Model I (g2P" = —2.27410:5% 10% GeV~%)| Model Il (¢PP" = 7.6407 34 10® GeV~?) Exp.
Mass (MeV) Width (MeV) Mass (MeV) Width (MeV) Mass (MeV) Width (MeV)
DD* |73890.8 + 15.0 6.412%7 13890.8 + 15.0 1108 3887.1+26 28.4+26
D*D*| 4031.6%141 g.0ta%! 403161132 1055322 4024.1 +1.9 13+5
BB* | 10609.8 £ 5.5 28122 10609.8 + 5.5 4G %e 10607.2 £2.0 184 +24
B*B* | 10655.0 £ 5.5 5 A 10655.0 £ 5.5 4 iy 106522+ 1.5 11.5+2.2
Model I (¢27% = —0.164+9972 103GeV—°) [Model 11 (¢° 2% = 003370922 10°GeV—") Exp.
Mass (MeV) Width (MeV) Mass (MeV) Width (MeV) Mass (MeV) Width (MeV)
DD; | 14003.017:2, 234.813%3 14003.0172, 294911998 4003 £ 611, 131+15+26
D*D:| 41447752, 226.5139:9 4144.7182, 983.671328 4216 + 24735 233 + 52177
BB; | 10702.5% 21 gy.otns 10702.527 109.3173:2
B*B:| 107494127 86.8% %" 10749.4127 108.8172-2
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Thanks for your attention!




