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Introduction

@ The ground state properties of P-wave charmonia x.; (J = 0,1, 2) are relatively well
known.

@ Recent studies indicate that also for the famous X(3872), although potentially an
exotic state, the cC component can play an important role.

(Babiarz, Schafer, Szczurek, 2023)

@ This naturally raises the question of whether similar situation can occur for the
JP = 0% and 2+ states.

@ A candidate for the xc2(2P) state (xc2(3930) in PDG) was observed by the Belle
Collaboration and later confirmed by the BaBar Collaboration in the two-photon
fusion process.

@ The candidate for the xco(2P) state is either the X(3860) (xc0(3860) in PDG) or
the X(3915) (xc0(3915) in PDG). The X(3915) state is relatively narrow
(I ~ 20 MeV) and was observed in two-photon fusion in the wJ/1) decay mode.

@ B meson decays, B — KJ/¢w (Belle, BaBar) BT — DTD~ K™ (LHCb)

@ The observation of a broad resonance identified as a new charmonium-like state
X(3860).

@ There is still much uncertainty about the above assignments for the xco,2(2P) states

@ Prompt hadroproduction of the x.2(3930) resonance was observed by the LHCb
Collaboration. in the decay modes x(2(3930) — DD~ and D°D® in proton-proton
collisions.
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Introduction

@ Regarding the reactions ete~ — ete~ DD, where D = D°, D', we are not
convinced of the existence of a broad resonance (I' ~ 200 MeV) at M ~ 3.85 GeV
reported by the Belle and BaBar Collaborations. The reason being that while an
enhancement is observed in the D°DP® invariant mass distribution, the effect is not
seen in the DT D~ channel. In order to increase the statistics several groups
combined the D®°DP and D+ D~ final states and studied the combined data.
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Introduction
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Production of DD pairs in ete™ collisions via v~y fusion
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Figure: Diagrams representing DD~ production in e*e™ collisions. For the
process 7y — D+ D~ we consider the t- and u-channel D* and D*(2010)*
exchanges, the contact term, and the exchange of x 0,2 mesons in the s
channel. The diagrams for the D°D° production are similar, but in the case
of non-resonant production we consider only the D*(2007)° t/u-channel

exchanges.

5/43



Production of DD pairs in ete™ collisions via v~y fusion

The fully differential cross section reads

1 -
do= ——— TMa_al2(2m)*6®) (p1 + p2 + P3 + Pa — Pa — Pp) )]
2,/s(s — 4m2)
a4 3
d°p;
II 7 )

i 27320

Here four-momenta of incoming and outgoing particles are denoted by
Pas Py P1; - - - , P4, the energy variable is s = (p, + pp)?, me is the
electron mass, and |Mjy_.4/|? is the amplitude squared averaged over
initial and summed over final lepton polarization states. To calculate
the total cross section one has to perform an eight dimensional phase
space integration as is done for instance for the pp — ppm ™7~ reaction
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Production of DD pairs in ete™ collisions via v~y fusion

The generic 2 — 4 amplitude has the form

(1) —ig™ . = —ig”" )
M)\ Ap—AiX2DD — Ua ()‘17)‘3) q2 M;LV('V v DD) q2 Ijﬂ ()\2,)\1,)
1 2
where Ay, A\p, A1, A2 € {1/2,—1/2} are the lepton polarizations, and
g1 = pa— P1, g2 = pp — p2. Below, we also use the Mandelstam
variables t; = g7, ty = ¢3, and p3s = q1 + g2 = p3 + pa. Furthermore,

<l

i) = W M)vav(Pas Aa) & (P14 Pa)a Ox,
S 020) = B2 Na)ysu(pe Ae) ~ (P2 + po)adrar, . (4)
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Resonant production: v*y* — yco — DD

The amplitude for the v*(q1)7*(2) — xc2 — D(p3)D(pa) subprocess
is given by

= (v . . —DD
Muv(¥*v" — Xe2 — DD) = II'EZ,,,L Xe2)(qy, qa) ia(Xe2) P78 (53 :r‘axgz )(p3. Pa) .(5)

Here, we have introduced the propagator for a narrow tensor-meson
resonance in the relativistic Breit-Wigner form

i 1
inX2), (psa)

1
{5(&“{31//\ + g;u\gwi) - ;guugn/\ ’ (6)

2 2 H
P3a = M3, +iMxcaTxez

where g, = —gu + ,D34up34y/p32,4. The total decay width of the
Xc2(3930) resonance and its mass is taken from the PDG.
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Two photons vertex: v*v* — x

Here we concentrate on the resonance x2(3930) which can be
identified as the x(2(2P) charmonium ct state. We anticipate that the
main contribution to the cross section will come from quasireal
transversally polarized photons. In addition, we expect that the

helicity-2 component will dominate over the helicity-0 one.
For example in the nonrelativistic quark model, the contribution of the
J; = 0 polarization of the heavy tensor meson vanishes, see e.g.

Schuler:1997yw. We therefore limit ourselves only to helicity-2
component

N 1
I—E]wg/\ XCZ)(qlv q2) = 325 (R;_mRV/\ + RVNR;LA - R,UJJRK,)\> FTT,Z(va sz) ) (7)
where €2 = 47, the photon virtualities Q?, = —g?, > 0, and
— _ l _ 2 _ .2
Ruv = Ruv(q1,92) = —guv + x ((q1 - q2)(q1p 920 + q1092,) — 91924920 qzqmqw) , (8)

X =(q- ) —qq.
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Two photons vertex: v*v* — x

This vertex function satisfies the relations

rm/n)\(ql’ q2) = rl/,un)\(qZ’ ql) 5 (9
qfruun)\(qla CI2) =0 5 (
qzyr,uw-z)\(qluch) = 07 (
r,u,ynk(qth)gR)\ =0, (12
Fwsa(91,32)(q1 + q2)" (g1 + q2)* = 0, (

and is also symmetric when exchanging x < A.

The transition form factor will be parametrized as

/\2
Qf + Q3 + A
In the calculations we take A = M, ,(3030) = 3.9225 GeV which, in

principle, is a free parameter. Fr72(0,0), the form factor at the
on-shell point, is not dimensionless.

Frr2(Qf, Q3) = Frr2(0,0) (14)
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Two photons vertex: v*v* — x

Assuming that the tensor x2(2P) state is quarkonium-like (pure c¢
state) one can calculate Fr72(0,0) in the NRQCD limit [see (4.2) of
Babiarz:2024sqw]

3N,

Frr2(0,0) = 87 W\Rﬁp(o)\ (15)

Xc2

with es = 2/3 and N = 3. The first derivative of the radial wave
function at the origin is estimated for several ¢¢ interaction potential
models, listed in Table 1 below. Following the approach in
Babiarz:2020jkh, we solve Schrodinger equation, but for 2P state, and
get |R;(0)| values.
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Two photons vertex: v*v* — x

Table: Results of the derivative of the wave function at the origin |R5p(0)] for
Xc2(2P) state obtained from the light front quark model for five different
potential models, the corresponding values of transition form factor (15), and
of two-photon width for the helicity-2 contribution in NRQCD limit.

Potential type

|R3p(0)] (GeV©/'?)

|Fr7.2(0,0)] (GeV)

(A = £2) (keV)

Cornell
Buchmiiller-Tye
harmonic oscillator
logarithmic

power like

0.405
0.326
0.275
0.263
0.228

0.314
0.253
0.213
0.204
0.177

0.840
0.544
0.387
0.354
0.266
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Two photons vertex: v*v* — x

In the NRQCD limit, the helicity-0 term vanishes and the helicity-2 is
the dominant one. Then, Fr72(0,0) is related to the two-photon
decay width of the x, state

)2 ‘FTT,2(07 0)|2 .

r 2P — (4Tt
(xc2(2P) — v7) = (4mcve 50m M, _

see the discussion in Sec. 4 of Babiarz:2024sqw.

Using |R}p(0)| = (0.228 — 0.405) GeV>/2 we find

M (A ==%2) = (0.27 — 0.84) keV assuming the dominance of the
helicity-2 term.

Here, the Cornell potential gives the largest value of the two-photon
width. It is worth noting that the BLFQ prediction Li:2021ejv for the
two-photon width of x»(3930), 'y, = 0.58(25) keV (see Table | of
Li:2021ejv), is most compatible with our result obtained for the
Buchmiiller-Tye potential.
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Two photons vertex: v*v* — x

For comparison, a value |Ryp(0)|? = 0.1767 GeV® was found in
Eichten:2019hbb computed for the mass M = 3.9554 GeV with

mc = 1.84 GeV within the Cornell potential. This value,

|R}p(0)] =~ 0.420 GeV®/2, appears to be larger than our findings.
Nevertheless, it was used for the inclusive x1(3872) production
Cisek:2022uqgx leading to a good description of the proton-proton data
within the uncertainty of the model (different gluon uPDFs).
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Two photons vertex: v*v* — x

Alternatively, for the v*+* — y» vertex one can use the form given in
(C25) of Pascalutsa:2012pr. In this case, the helicity-2 component
reads

PPV 2 s
Tivra(dq1, g2) =e (R;m(lh, 92)R, (91, 92) + aR;w(qL 92)(q1 — 92)x(q1 — qz)x)

(a192)/Mx o, Fr7,2(QF, @F)
where 3 = (q1 + q2)% = 2(q1 - 92) + g7 + g5. We have
g = (Mfcc2 + Q2 + Q3)/2. Introducing an extra factor

(q1 - q2)/M,, the transition form factor Fr72(Q%, Q3) remains
dimensionless. For the PPV vertex function we find the relations

Mo (d1,2)8"™ # 0, (17)
rﬂfnvx(ql, @)(q1 + ¢2)"(q1 + @) # 0. (18)
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Two photons vertex: v*v* — x

In order to get compatibility with the formula given by Eq. (7), we write

Frra(@. @) = 22 Frr (. Q). (19)
qi - q2

The two vertices are written for ‘on-shell’ x> meson, that is for

p3; = Mfm. For p3, # M;Cz the form factor F(X<2)(p2,) can be

inserted in addition.

The form factor should be normalized to F(Xcz)(l\/lfccz) =1

In our calculation we put F(x<2)(p2,) = 1.
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Xe2 — DD vertex

The xc2DD vertex (see Eq. (3.37) of Ewerz:2013kda) for the
analogous 777 vertex can be written as

; Exe2DD

H (Xcz_‘DD)
.
i ( 2Mo

P3,pa) = — [(P3 — pa)u(ps — pa)y — %gw(Ps - P4)2} Fxe2)(p3,) (20)

with My =1 GeV. We have F(XCZ )(p3,p4)g”” = 0. Here we can
assume the form factor for the ofF—sheII Xc2 meson. In our calculation
we put F(Xe2)(p2,) = 1.

The decay width of xc» — DTD™ is given by

M M, \> am?)\ >/
r DTD™) = X 57 (2 ) (1- - (21
We take mp = mp+. The x2(3930) has isospin / = 0. Assuming
isospin invariance in the decay, we get

_ —oy 1 -
Mxc2 — DTD™) =T (xe2 — D°DO) = Er(XC2 — DD). (22)
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Xe2 — DD vertex

We noted that the most significant partial widths for xc2(2P) are
M(xc2 — DD) and T(xc2 — DD*). Different calculations in the
literature support the fact that the total width of x2(2P) is largely
saturated by the DD mode. For instance, in Eq. (24) and Fig. 24 of
Wilson:2023anv one can find (e — DD) =~ 26(12) MeV and

M(xc2 — DD*) ~ 22(14) MeV. In Table | of Gui:2018rvv one can find
M(xc2 — DD) = 24 MeV and (xco — DD*) = 13.6 — 16.6 MeV
(depending on model). In Table IV of Wang:2022dfd, the following
values corresponding to M, ,op) = 3930 MeV are stated

M(xc2 — DD) = 20.4 MeV and ['(xco — DD*) = 6.9 MeV. On the
other hand, the authors of Ortega:2017gmg,Man:2024mvl found a
different decomposition of partial widths.

Thus, for the estimate, we take [(xco — DD) = 14 — 26 MeV, and
using (??), (21), and (22) we obtain |g, ,pp| = 8.34 —11.37. With
Mo = 35.2 MeV (49) we get the branching fraction in the range
B(xc2 — DD) = 0.40 — 0.74. 18/ 43



Resonant production: v*v* — yco — DD

Here we write formulas for the production of the scalar xo(2P) state
assumed by us to have the mass of x(3860). The total decay width
of the x¢(3860) resonance and its mass given in the PDG is:

My, = 3862132 MeV,
Mo = 2007333 MeVv. (23)
In the calculations, we also consider another scenario:
M,., = 3862 MeV,
Mo = 50 MeV. (24)

The narrower total width of x(3860) seems to be consistent with
BaBar data for DD~ channel; see Fig. 3(b) below. Similar value is
given in Table VI of Eichten:2004uh (see 23P, state).

The amplitude for the 7*(q1)7*(q2) — xco — D(p3)D(pa) subprocess
is given by

_ . ) ) DB
M (¥4 = xeo — DD) = i) 7" = Xe0) gy, q2) in(Xe0) (p3q) ir(Xe0 = PP (3 5y (25) 10 /43



Resonant production: v*v* — yco — DD

The scalar-meson propagator is parametrized as

iA(XcO)(p34) = — !

: (26)
P — M2, + iMy T

Xc0

with a constant decay width.

The v*4* — xco vertex, limiting only to the transverse component, can
be written as

(7 =xe0)(qr, qo) = —€?Ru Frr (@2, Q3). (27)
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Resonant production: v*v* — yco — DD

Here, R, is defined by (8) and the form factor Frt is parametrized as

/\2
Frr(Qf, @) = Frr00) s rgrip N M (28)
1 2

Assuming that the state is quarkonium-like one can calculate F77(0,0)
in the NRQCD limit as [see (4.11) of Babiarz:2020jkh]

12 RS
Frr(0,0) = e}/ N, 7 2'33/2 : (29)

XCO

The two-photon decay width for xo(2P) — 7~ is given by

2

Tas,
M(xc0(2P) — 7v) = Me |Fr7(0,0))?. (30)
Xc0
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Resonant production: v*v* — yco — DD

In Table below we list our estimates for |F77(0,0)| and I, for the
Xc0(2P) state. These values are larger than for x(2P) given in
Table 1. It is worth noting that the BLFQ approach Li:2021ejv for the
two-photon width of xo(2P) predicts I, = 0.68(22) keV.

Table: Results for xco(2P) state with M,,., = 3862 MeV obtained from the
light front quark model for different potential models in NRQCD limit.

Potential type |R,p(0)] (GeV/2) | |[Fr7(0,0)] (GeV) | T4y (keV)
Cornell 0.405 0.278 3.351
Buchmiiller-Tye 0.326 0.224 2.171
harmonic oscillator 0.275 0.189 1.545
logarithmic 0.263 0.181 1.413
power like 0.228 0.157 1.062
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Resonant production: v*v* — yco — DD

For the xcoDD vertex we have (My = 1 GeV)

iF(XC°_)DD)(P37P4) = i8y.,0bMo F(XCO)(p§4)’ (31)

where the coupling constant g, pj is related to the partial decay
width of the xcp meson

_ M2 Am?2 1/2
(o = DB) = 1o —lg o0l (1- 352 ) - (32)
Xc0

For the isoscalar xo we have
_ 1 _
r(XcO - D+D—) = r(XCO - DODO) = EF(XCO - DD)- (33)
In (27) and (31) we can assume the form factor for off-shell xo meson.

In our calculation we put F(x<0)(p2,) = 1.
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Resonant production: v*v* — yco — DD

Taking M, _, = 3862 MeV, I'(xco — DD) = 16.4 MeV, and using

Egs. (32), (33) we obtain [g,  ppl = 2.52. This value for g, pp is
used in our calculations. Considering the Buchmiiller-Tye potential
from Table 2 and assuming the branching fraction

B(xco — DD) =T (xco — DD)/Ty., = 16.4 MeV /50.0 MeV = 0.328
we get

[y X B(xco — DD) = 2.171 keV x 0.328 = 0.71 keV . (34)

It should be emphasized that the estimate of '\, x B(xco — DD) is
highly uncertain in view of the uncertainty of I',, (dependent on the
choice of potential model) and B(xco — DD) regarding the choice of
total width I'y_,, (23) or (24), and of [(xco — DD) (see the discussion
above). Note that the present experimental widths are not well
determined. Clearly, more investigations are necessary to confirm the
property of the xo(2P).
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Continuum production of neutral D mesons: v*~*

— D°DO

The vy — D°D° amplitude with the D*0 = D*(2007)° t/u-channel

exchanges can be expressed as

- *0 0 ~ * *0 0
My (v = D°D%) = ir2 P (e, qu) iAL™) Farz (554, p2) irD, O

K1t

*0 0 ~
+ir R P (—pu, q1) iAP

KoV

*O)

where Py = p, — p1 — p3, Pu = pa — Pa + p1, and s34 = p3,.
The D*°D% vertex, including a form factor, is taken as:

. *0 H0 N . 8D*0po R 0 M0 R
irDP0" (b, q) = —ie=>—"" €, BPq" FPP (32, ¢2) .

mD*O

2y -(D*°
F152 (534, P7) ’rEazu

(—=pt, q2)
2°) (pu, 43P)

(36)
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Continuum production of neutral D mesons: ~v*y* — D°DO

We use the factorized form for the D*® D%y form factor
FOTPN(@R, 07) = FPD (67) FO)(¢?) (37)

with F(D*ODV)(m%*O,O) = 1. We take

~2 2
* A p —m *
F(D 0)(p2) = exp (TDO> , (38)
D*O
2
F(g?) = v jq2, A, =1GeV. (39)
Y
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Continuum production of neutral D mesons: ~v*y* — D°DO

Here p? < 0 and g% < 0. We take Ap.o = 3.3 — 3.5 GeV estimated
from a comparison of the model results to the experimental data (see
Figs. 3-5).

The coupling constant gp-opo, is related to the decay width of
D*(2007)° — D%y as follows

o m? x0 m? 0 3

0 T g (0)

r(D* — D%) =

From PDG we find
Mps«o = 2006.85 =+ 0.05 MeV
mMpo = 1864.84 + 0.05 MeV,
r(D*® — D%y)/Tpwo = (35.3 £ 0.9)%,
Mpwo < 2.1 MeV. (41)

There is no accurate experimental result for the total width of
D*(2007)°. However, there are some estimates, see e.g.
Jaus:1996np,Rosner:2013sha, Guo:2019qcn, Jia:2024imm. With 27/43



Continuum production of neutral D mesons: ~v*y* — D°DO

We use in (35) A(P™)r1m2(s, B2 the propagators for the reggeized
vector meson D*(2007)°. Two scenarios for the vector-meson
reggeization effect were considered in

Lebiedowicz:2019jru,Lebiedowicz:2021pzd. In the present work, we
proceed analogously to (3.20)—(3.22) of Lebiedowicz:2019jru. The
D*°-meson propagator and the transverse function reads

~ * ~ *0
RO 2 530, 7) = —g"12 AP ™) (520, 52) (42)

ap«(p?)—1
) )

where we take the simple expression (A(-,- ( 2))1

~ (D*0 " N . S:
AP (s34, p%) = AP(32) (exp(:¢(s34)) e
thr

p — mD*o, and

™ Sthr — S34 ™
#(s34) = = exp (tri) - =, Sthr = 4m5g . (44)
2 Sthr 2

We use a specific nonlinear Regge trajectory for the D*? mesons, the
so-called “square-root” trajectory Brisudova:1999ut, viz.

ap-(%) = ap+(0) + 7 (v/Tor — V/To- — B2) | (45).. ..




Continuum production of charged D mesons:
vy — DD

The continuum amplitude with the DF exchanges can be written in a
similar manner as in Lebiedowicz:2015cea,Klusek-Gawenda:2017Igt for
the vy — HTH™ and vy — pp collisions. The amplitude for the
subprocess vy — D™D~ has the form:

Mu(v*v* = D*D™) = —ie?((q1 — 2p3)u(q1 — p3 + p;;),,W

Pt D

+(a1 = 2pa)u(@ + P3 = Pa)v 2o = 28) X FON(a})FON(a3)F (P, B3, P24 ) -(46)
Here F()(g? 2) are given by (39) and the off-shell meson dependences
are taken into account via multiplication of the amplitude by a common
form factor F(p2,p2, p3,) [see (2.12), (2.13) of
Klusek-Gawenda:2017Igt but with the replacements m, — mp+ and
Np — Ap]. The parameter Ap could be fitted to the experimental data.
In the present paper, we performed calculations for F(p?, p2, p3,) = 1.
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Continuum production of charged D mesons:
vy — DD

By a similar way as for D°D0, the DT D~-production mechanism via
the D*(2010)* exchanges can also be considered. To estimate the
coupling constant gp«(2010)+p+~ We find based on PDG

M- (ao10)+ = 2010.26 £ 0.05 MeV

mp+ = 1869.66 = 0.05 MeV ,

[(D*(2010)" — D) /T peo(agr10)+ = (1.6 +0.4)%,

D+ (2010)+ = 83.4 £ 1.8 keV . (47)

Using (40) and PDG we get |gp-(2010)+ Dt~/ = 0.3. Thus, the
corresponding contribution of the continuum for eTe™ — ete " DT D~
via the D*(2010)* exchanges is much smaller than that for the D°D°
case, and can be safely neglected.
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Results and discussion

The experimental cross section (efficiency corrected) for x2(3930)
production, determined by the BaBar Collaboration is

oexp(eTe” — eTe™ (77 — x2(3930) — DD)) = 741 £ 166 fb. (48)

Here the error is only statistical. It is not clear whether the BaBar
Collaboration imposed the cut on p; of the DD pair when presenting
the integrated cross section.

The BaBar and Belle Collaborations obtained:

0.24 £ 0.05 (stat) & 0.04 (syst) keV  from BaBar,

0.18 + 0.05 (stat) £ 0.03 (syst)keV from Belle,
(49)

r,WXB(XCZ - DD) = {

with the assumption for the Belle result that
B(xc2 = DTD7) = 0.89 x B(xc2 — D°D°). The PDG average gives
My X B(xc2 — DD) = 0.21 +0.04 keV .
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eTe” — eTe x2(3930)

We made calculations of the cross sections for the
ete” — eTe x2(3930) reaction for c.m. energy /s = 10.54 GeV.

The results are o(ete™ — ete™x) = 1.577 pb using the Cornell
potential, and 1.022 pb using Buchmiiller-Tye potential. To obtain
(48), we find B(xc2 — DD) corresponding to ', from Table 1 for
these two potentials. We got

0.840 keV x 0.477919 = 0.39799 kev  for Cornell

0.16 0.08
0.544 keV x 0.73107% = 0.40709% keV  for BT.

Iy % B(xc2 — DD) = { (50)

Comparing the results (50) to the BaBar result (49)

(T4 x B(xc2(2P) — DD) = 0.24 £ 0.06 keV) one can see that they
are roughly consistent within the uncertainty.

Taking into account the condition p;,_, < 0.05 GeV we obtain
o(ete” — ete x2(2P)) = 0.625 pb (Cornell) and 0.405 pb (BT).
These results lead to B(xc2 — DD) = 1.19 and 1.83 for Cornell and
BT potential, respectively.

This suggests that the value given by BaBar does not include cuts.
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In Table 3, we listed the values of the fitted parameter |g, ,pp
obtained from comparison to the combined BaBar cross section (48).
For neutral and charged channel we obtain

o(eTe™ — ete (x2(3930) — D°DP)) =390 + 87 fb,
o(ete” — ete (x2(3930) — DTD7)) =351 £ 79 fb. (51)

The requirement of very small transverse momentum p, 5 < 0.05 GeV
is motivated by an untagged analysis of vy — DD production by Belle
and BaBar. Due to the p, pp cut the cross section is reduced by a
factor of 2.54. In order to describe the BaBar result (48), this causes a
larger value for the constant |g, 5| and thus leads to branching
fraction B(xc2 — DD) ~ 1. Then, the theoretical results for the
potential models under consideration are not consistent with the

experiment.
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Table: Results for the reaction ete™ — ete™ DD via x2(3930) calculated
for \/s = 10.54 GeV without and with the limitations on the transverse

momenta of the final state particles. In the last column the product of the
two-photon width of the x2(3930) state and the branching fraction to DD
for each model is given.

Potential | |g,_,ppl | B(xc2 = DD) | Tyy X B(xc2 — DD) (keV)
no cuts Cornell 8.179% | 0.38+£0.08 0.32+0.07

BT 101711 | 0.58+£0.13
pe1,pr2 <1 GeV | Cornell 8.470% | 0.40£0.09 0.34+£0.08

BT 104753 0.62+0.14
Pe.pp < 0.05 GeV | Cornell 129714 | 0.96 £0.21 0.80 £0.18

BT 161717 | 1.48+0.33
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@ From Table 3 one can see that the obtained value of the branching
fraction B(xc2(2P) — DD) depends on the potential model (the
two-photon width of the x(2(3930) state) assumed in the
calculations.

@ For the results calculated without kinematical cuts, the obtained
value for the product 'y, x B(xc2(2P) — DD) is consistent with
existing Belle and BaBar measurements within uncertainties.

@ From our analysis, the corresponding branching fraction is
B(xc2(3930) — DD) = 0.38 + 0.08 for the Cornell potential and
0.58 £ 0.13 for the Buchmiiller-Tye potential.
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Differential distributions

Now we wish to show some differential distributions for the
ete™ — eTe (xc2(3930) — D°DP) reaction. Figure 2 shows the
distributions in p, 5 the transverse momentum of the D°DP pair, in
logio(pr1/1 GeV) one of the integration variables, and in |#;| the
four-momentum transfer squared.
In the calculation we used g, 5 = 10.1 corresponding to the BT
potential. We show results when we have not imposed any restrictions
on kinematic variables and the results with the condition
P pp < 0.05 GeV.
The distribution in Pt pp Peaks in the region of low P:.pb- The
t distributions are strongly peaked at very small |t;| and |t>|. This is
caused by the factors 1/t; » from the photon propagators. One can
clearly see that imposing the condition on p, pp < 0.05 GeV
significantly reduces the cross-section and limits the momentum
transfers to the electrons, |t 2| < 0.01 GeV2.
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Figure: Distributions in p, pp, logio(pr1/1GeV) and [t1] for the

ete” — ete(xc2(3930) — D°DP) reaction for /s = 10.54 GeV. We show
the results without and with the cut on p; gum < 0.05 GeV. The calculations
were done for the BT potential and with g, 55 = 10.1.
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Figure: Comparison of theoretical results to the BaBar data. The meaning of
the lines is as in Fig. 3, but for the x0(3860) term we used the middle values

from (23).
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Figure: Comparison of our complete model results to the efficiency-corrected
(combined) BaBar data. The black solid lines represent results obtained for

.o =50 MeV (24), while the blue dashed lines correspond to

[\, = 200 MeV (23). Here, the calculations for the D°DP-continuum
contribution were made for Ap«o = 3.3 and 3.5 GeV in (38), which

correspond to the lower and upper lines in the bands, respectively. We used

the Buchmiiller-Tve potential for the excited 2P states. v.n »(2P). 40 /43
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Conclusions

@ In the present paper, we have concentrated on the possible observation of excited
P-wave charmonia in the ete™ — ete™ DD reaction.

@ One of our goals was to estimate the cross-section of meson-pair continua for both
DODP and DD~ channels separately.

@ We have considered t- and u-channel exchanges of the vector D*® and D** mesons.
The corresponding coupling constants for the D* D~ couplings have been obtained
from the experimental radiative partial decay widths of D* — D-~y.

@ For the DT D~ channel, we have also considered the continuum mechanism via the
D¥ t/u-channel exchanges plus contact term.

@ we find a large contribution of the continuum to the D®D® channel and a much
smaller one for the D™D~ channel.

@ Our analysis suggests that the broad bump at Mpp = 3.8 GeV observed in the D°D°
channel, and not observed significantly in D¥ D~ is rather due to the continuum
mechanism.

@ We have shown that taking this resonance into account with [y, = 50 MeV
improves the description of the near-threshold data, in particular, the BaBar data for
the D™D~ channel

@ Our analysis indicates that further theoretical and experimental research is needed to
understand properties of the xco(2P) state more precisely.

@ We have also estimated the cross section for the xc2(3930) production in no tag
conditions using R, (0) calculated within the light front quark model. We have
obtained an integrated cross-section o(ete™ — ete™x2(3930)) ~ 1 pb using the
Buchmiiller-Tye potential. 43 /43



