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1. Abstract

Motivated by the updated analysis of the G(3900) by the BESIII collaboration, we perform a global analysis of the cross sections of the
ete™ — DD, ete™ — DD* + c.c., efe™ — D*D* processes, especially focusing on the properties of the G(3900). As the energy region of
interest is limited by the next opening threshold, i.e. the D;D threshold, we focus on the energy region [3.7,4.25] GeV, where three charmonia
Y(1D), ¥ (3S) and (2D) explicitly contribute to the cross sections. By constructing the P-wave contact interaction between the (D, D*) doublet
and its antiparticle in the heavy quark limit, we extract the physical scattering amplitude by solving the Lippmann-Schwinger equation. No
matter whether three or two charmonium states are included in our framework, we always find a dynamically generated state corresponding
to the G(3900), which suggests it to be a P-wave dynamically generated state. We also predict several dynamically generated states in the
corresponding 1~ 1 channel. These states can be further searched for in the electron-positron annihilation process involving the emission of a
single photon.

2.1 Formalism 2.2 Interaction

eConvention: The hadronic basis can be written as |[D*) D)) with a = d,u,s denoting the light quarks
in the charmed meson pairs (cq)(cq) and n = 1,2, 3,4 representing different charmed meson pairs DD, DD*,

D*Dgzo and D*D%_,. The SU(3) flavor basis can be written as IDG) DG)YE - xwhere the index i = 0,8, 1

represents SU(3) singlet 0, the zero components of octet 8°Y and isospin triplet 11Y, in order, where the
superscripts denote the isospin I and its third component, respectively.

e The transformation from SU(3) flavor basis to the hadronic basis can be written as:

D)+ pEI=yd | DI H)0yu | pl)F plx)=ys T

— R[|DC) D)0, | D) DEIYE | D) pEIYIT, (1)
where the transformation matrix R is
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e Based on the transformation, we can construct the contact potentials with respect to the Heavy Quark Spin D®
Symmetry (HQSS): Figure 1: Schematic diagram of the interactions
. ; (%) 7 (%) (%) 7 (5)\J between charm-meson pairs and between
V> = (DY DY) | Her | DY D >n/ 0ij s (3) charm-meson pairs and charmonia.

J
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charmed meson pair reads as:

where |D(*)D(*>> , have been decomposed into heavy-light basis. The potential of the bare state and open

VO— — %<D(*)D(*)|Hbare|j>oa (4)

cC nj

where 7 = 1,2,3 (j = 1,2) denote charmonia ¥ (1D), ¥(3S5), ¥(2D) for Model 1 (¢(1D), ¥(3S) for Model 1I).
The schematic diagram of the interactions is shown in Fig. 1.

e With thses contact potentials, we can solve the Lippmann-Schwinger equation (LSE) to obtain the
T-matrix of open charm channels

R —1 —1
Too(B) = | [Val(B)] ' = Gen(B)| (5)

where the effective potential is defined as Voe(ff = Voo + VobGeeVibo. Similarly, the production amplitudes is

written as: Figure 2: Schematic diagram of the T-matrix and

Uo(E) = (112x12 — \A/Oecl)CFGCT(E))—113’C(j1cf7 (6) the physical production amplitude.

with ﬁ’gff = Fo + Vo, Gee fr, the effective bare production amplitude. The schematic diagram of the T-matrix
and the physical production amplitude is shown in Fig. 2.

e We deduce the cross sections formula for the direct comparison with the experimental data:

do,, |pD(*)a| 2
n__ Mea |2, 7 -
dcos6 167733/2‘ ! (7) - )

where |M2|? is the square of the scattering amplitude. The production amplitude U/, is a part of |[M2 |2,

3.1 Fitted line shape
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Figure 3: Comparison of the line shapes from Model I (solid curve) and Model II (dashed curve) with 30 GV ] 0.66 % 0.04 —12.93 + 0.26
the experimental data. The blue and purple bands indicate the 99% confidence levels of Model I and 9%5 [_GeV_ll]_ —14.66 £ 0.37 —14.11+£0.96
Model II, respectively. The lower panels show the standardized residuals, where the orange and green 92D -([;SVV] - ;ég.?oi% 8-0213 s 01 0001
oints correspond to Model I and Model II. Mip [ ' ' ' '
P b ml [GeV] 4.229 % 0.002 4.253 + 0.005
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A [GeV] 0.50 4= 0.00 0.50 4= 0.00
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3.4 Conclusion X/do

Table 1: Part of fitted parameters. g? Dy gg g, gg D

We perform a global fit to the eTe™ — D™ D™ processes in Fig. 3. With the fitted parameters
presented in Tab. 1, we extract the pole positions presented in Tab. 2. The trajectories of poles in denote the bare couplings between the charmonia

Tab. 2 are presented in Fig. 4. Y(1D), ¥(35), ¥(2D) and open charmed meson

pairs. m(l) Dy mgs, mg p represent the bare mass

(1) Model I case
ekrom Fig. 4, it can be seen that the 3691.60 MeV, 3778.42 4+ 11.817 MeV and 4232.78 4= 23.962 MeV ploes of w(lD)’ w(BS), ¢(2D).

correspond to the ¥ (2D), ¥(1D) and ¥ (3S) vector charmonia. The pole 4011.05 4 10.137 MeV is considered as RSs Model 1 Model 11

a dynamically generated state. Sk Sl ) 569160 3 07;7 T

e Another dynamically generated state is found at 3832.57t8:% 1 74.53J_r(2):?§i MeV on (—, 4+, —,+,+, +) sheet. (—+.++,++) 3778 49 :|:_11.812' 12 3775 90 4 14:312 {1]4]

After testing, it significantly impacts the physical region. The imaginary part of the pole causes a broad (— 4+, —,+, + 1) 33832 59 + 74 533 _

distribution, allowin a non-negligible probability for the state to lie above the [DD*|ty,,. Thus, it can still (—, —,+,+,+,+) - 3883.91 4 46.537 [47

decay to DD*, making it a possible G(3900) candidate. (= ———+,+) 4011.05+10.13: [16] 4019.42 £ 17.40: [17
(—, — — —,—,—) 4232.78 £23.96i [24] 4278.21 & 21.59i [22]

(2) Model II case
e By performing a pole trajectory analysis similar to Model I, the poles 3775.29+14.317 MeV and 4278.21+21.591 Table 2: Pole positions on the various RSs close

MeV correspond to the ¥ (1D) and ¥ (3S) charmonia, respectively, while the other poles are considered as to the physical one. The numbers in square
dynamically generated states. The pole at 3883.91J_r8222 mm 46.534__12332' MeV on the (—,—,+, 4,4+, +) sheet is brackets represent energy distances of the poles
9 MeV above the [DD*]rp, threshold and can be considered as a candidate of the G/(3900). to the physical RS, in units of MeV.
e Fig. 5 presents a comparison of the G(3900) pole position with results from other works. 100
® i n Exp.

4‘. Summary % A o PRL133,241903
e A coupled channel analysis of the ete™ — D) D™ processes in HQSS and SU(3) within the energy 20 T O M:d:”
region [3.7,4.25] GeV.
e Pole position of G(3900): 3832.57109) + 74.531799%; MeV for Model I and 3883.91793% 4 e w0
46.531 1223 MeV for Model 1I. Figure 5: The pole positions of Model I (purple
e (7(3900) is a dynamically generatd state, instead of a renormalized charmonium. hollow circle) and Model II (black hollow
e Predict several dynamically generated states in the J©¢ = 1~ channel. triangle) in comparison with other works.




