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Hadronic molecular explanation
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The unquenched quark model

C ~ ImII(m
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P-wave charmonium explanation

Multiplet |State (n*° 'L )|J"% |PDG State|Expt. mass|Expt. widthRe[,/5por] J| G mass
3S (3% 81) 1 1(4040) | 403941 80410 4051 4100
1:(3" Sp) 0~ 4025 4064
48 (4% 8y) 1 X(4360) | 4361+£13 74418 4371 4450
ne(41Sy) 0" 4348 4425
2P x2(2° ) 2+ X b2 39272 2446 3942 3979
x1(23P) 1% | X(3872) 3872 <2.3 3884 3953
xo(2° FBy) 07| X(3880)7 | 3878+487 | 34713157 3814 3916
he(2' Pp) 1 X(3940) | 394249 3717 3900 3956
3P x2(3 Py) 2+ 4244 4337
)(1(%‘1’[) 1+ 4217 4317
xo(3° ) 0" X(4160) | 4160732 1391 20 4210 4292
he(3' P1) 1 4219 4318
1D 3(1% Ds) 3 3838 3849
Y2(13Dy) 2 3838
(13 Dy) 1 Y (3770) 3773 27+1 3764 3819
nea(1'Da) |27 3837
2D W3 (2° Dy) 3 1113 1217
W2(2°Dy) 2 4141 4208
U(2°Dy) 1 U(4160) | 4153%3 10348 4080 4194
o+

Ne2(2' Da)

4101

4208

Eur. Phys. J. A 50, no.10, 165 (2014)
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The coupled-channel dynamics

The general coupled-channel equation The chiral effective field theory (ChEFT)
nzﬂ DD* — DD*
C=%)= E(ID(p)D*{—p)} F |D(p)D*(—p)))
Hi] H{Jl ’HD? f:[)|®[l} (-'{J|{IJ{J\}' |
Hio H1 Hia ... |‘Ijl} |(I’1)
Hag Hor Ha ... |D5) =L |Dy) Vet (0.4) = Ci—Vwo+Vn C[—2V L+ Vp
S - - o4 €)= €7~ 2V 4 Yoy Gy — Vio + Vio
l The coupled-channel Lippmann-
Ei ! o o
> (6:Ex + f (Vij(a.4") + Vij(q.4"))d:(q") ( ) —3) Schwinger equation (LSE)
‘ | o < dkk? Vi (q, k)T (k. q')
=Edj(q) (1=1.23...), (6 — !
j 5(¢,4) = V5(a,d) Z (2m)3  E — k2/(2p4)
3 ' iol(q’ ) Vo,
Vij(q.q J=%“+a[:” ﬁ mims
L~y =

l Y omy +me
The coupled-channel problem involving the bare pole and , S e me a2
continuum states can be converted to be a hadron-hadron The regulator  Fla.q) = exp(—(q° +q7)/A%)

scattering problem
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The pole origin of X(3872) in the single channel case

The S-wave s-channel potential
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The inclusion of the contact interaction of DD*
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The pole origin of X(3872) in the coupled channel case
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Our definite conclusion: X(3872) does not stem from the mass shift of

the bare charmonium y . (2P) state!
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The complete analysis and pole width of X(3872)

Three-body threshold cut Self-energy of D*
Onpole = =360 £40 keV, I'poe =48 £2keV
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30:— —— }I,{.'L:Z};,]iu],i " morwewe - [GeVe ]_: conserved condition in the DD* system is not included since the isospin breaking effect is large.
- ; It threshold E isospin conserving isospin breaking isospin breaking and kinetic energies
20: * i ——e—  TFYT¥ threshold * - DD 19 78 36
10E- 1[ + —: DD* - 34 15
[):-—*—*+ . = Phys. Rev. D 110 (2024) 5, 5
3.87 TR ETR o 3. =]~ Measurement of the pole width of X(3872)
oD+ ey "lll' 1
BESIII [64] Pole (0.0068F01500) — (0.190%0700)i
Nature Commun. 13, no.1, 3351 (2022) LHCb [63] Pole (0.0619:16) — (0.1319:32);
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Radiative decays of x:¢(2P) (keV)
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Three mechanisms of producing the pole width of X(3872)
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The pole width of X(3872) in the full scattering amplitude
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FIG. 3. The full Feynman diagram of the DD* — DD~
seatlering in the coupled-channel dynamics. The sell-energy

diagram [rom the non-open-charm decays for the bare v, is
marked by shadow cirele.

TABLE I. The poles and component possibilities of X (3872) and a new resonance in the complete coupled-channel dynamics. The pole of
X (3872) is given by the binding energy relative to the D°D*" threshold. The y and M superscripts denote the dressed ., resonance and the

distorted D D* resonance in the (—, —) sheet, respectively. Here, V.;=' = 0 GeV 2 and all pole positions are in units of MeV.
A (VA=Y Gev~! (GeV™?) 0.5 (96.6) 1.0 (22.5) 1.25(11.2) 1.5@3.7) 2.5(-13.1)
Without T', + T X(3872| Pole -0.086-0.003i  -0.140-0.024i  -0.097-0.027i  -0.089-0.029i  -0.075-0.030i
| Pole -0.059-1.361  -0.060-0.293i  -0.060-0.164i  -0.070-0.119i  -0.071-0.065i
Ppopso | 0.145-0.0151  0.748-0.136i  0.858-0.078i  0.895-0.047i  0.939-0.013i
X(3872)
Pp+pe— | 0.11040.002i  0.09240.049i  0.065+0.035i  0.056+0.024i  0.043+0.009i
Py 0.745+40.013i  0.160+0.087i  0.077+0.043i  0.049+0.023i  0.018+0.004i
With T, + T, =
I Pole 4150-141i"  4063-129i" 4025-92ix 4004-57i% 3977-8ix
Ppopso | 0.328+0.0481  0.278-0.191i  0.203-0.255i  0.104-0.209i  0.088-0.040i
New resonance

Pp+p-— | 0324+0007i  0.265-0219  0.187-0.286i  0.086-0.234i  0.092-0.062i
Py, 0.348-0.0551  0.457+0.410i  0.610+0.541i  0.810+0.443i  0.820+0.102i

BESIII [64] Pole (0.006810 1%00) — (0.190F0 705 )i

LHCb [63] Pole (0.067018) — (0.1375:7%)i
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A novel approach to reveal the nature of X(3872)

LHCb: Observation of a new 17 * charmoniumlike state yx.1(4010) Phys. Rev. Lett. 133, 131902 (2024)

+ Data ——  72(3930) ——  (4040) T5o(2870)° T7-,(2900)°
—— Total fit - EFF;.. SN £,(4000) I 71(4010) %% h(4300) NR
Background oo NR,-- NR{}‘ ---------- NRy—- = Reference fit
~ T T T T T T T T3] o~ FT T T T T T T T T T T T T T T3
> i - > -1
S 100 ty LHCb 0 fb! S 100f LHCb 9 fb
et ! oo I (b)
p— —
= i = I
8 50 3 50
= s = -
= - = .
S - 3 i
4.0 4.2 4.4 4 6 4.8 4.0 4.2 4.4 4.6 4.8
M(D*-D*) [GeV] M(D**D™) [GeV]
Our work: arXiv:2404.16575 LHCb: arXiv:2406.03156
Pole A150-141i7  4063-120iM 4025-92iX 4004-5TiX 3977-8iX
: PC _ 1++ oheo | 0.32840.0481  0.278-0.191i | 0.203-0.255i  0.104-0.209i  § 0.088-0.040i
Zel (4{] ] [}) J — Now recomance Ppop 0.32840.0481  0.278-0.191i | 0.203-0.2 0.104-0.209i  §0.088-0.040
—’4.. ﬁ -|- 1 —? [} +ﬁ 4 Pr+pe— | 0.32440.0071  0.265-0.219i | 0.187-0.2861  0.086-0.234i [ 0.092-0.062i
Py 0.348-0.0550  0.457+0.410i |0.610+0.541i  0.81040.443i J0.820-+0.102i
|

The LHCb observation is consistent with our prediction
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FIG. 5. The experimental constraints on the pole position of X (3872). The shaded region represents the confidence level
for the pole distribution possibility of X (3872) based on the experimental data. The solid dots represent the theoretical pole
positions of X (3872), with red and blue representing the solutions in the strong and weak coupling modes, respectively. The
subfigures, from left to right, correspond to the bare mass values mo = 3.96,3.95,3.97 GeV for the x.,. Ilere, the dots with
the same pattern refer to theoretical results with the same A but different coupling constant V2=, whose impact is almost
reflected in the binding energy of X (3872) and is therefore only shown in the subfigure on the left.
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A novel approach to reveal the nature of X(3872)
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FIG. 6. The experimental constraints on the pole position of the predicted new resonance. The shaded region represents
the confidence level for the pole distribution possibility of x.1(4010) based on the LIICh data. The solid dots represent the
theoretical pole positions ol the new resonance, with red and blue representing the solutions in the strong and weak coupling
modes, respectively.

The confirmation and precise measurement of higher new resonance can
indeed provide very effective way for uncovering the mystery of X(3872)
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Summary

® In the coupled channel dynamics, we demonstrate that the X(3872) does not
stem from the mass shift of bare y_; state.

® We reveal that the X(3872) stems from either the DD* pole or the
shadow pole of y,;.

® |[f the x.1(4010) can be confirmed by other experiment, by matching it to
our predicted resonance, we conclude that the X(3872) most likely
originates from the DD* pole with a confidence level exceeding 99.7%.

Thanks for your attention!
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