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» e*e” pairs mainly annihilate into one virtual photon e N e
- ho(1'P)) x(PP) -
. . . . B [ofpo
> The virtual photon can decay into quark-antiquark pairs =4 =
> Direct production of vector meson states with J°¢= 1- Y
» Energy scan to estimate the line shape and decay width L

Let’s focus on charmonium states
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BGS]]I e*e” collisions with BEPC-Il and BESIII
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BGS]]I Direct Production of C-even resonances (0, 0+, 1+, 2+, ...)

Forbidden via one virtual photon
Allowed via two virtual photons or Z° neutral current (1*+)

Experimental researches so far unsuccessful

ND collaboration = y
* 1n',f,(980), f,(1300), a((980), f,(1270),a,(1320) at VEPP-2M collider C-even

Q| Q

SND collaboration
* £,(1270),a,(1320) at VEPP-2M collider e y’

* 1 atVEPP-2M collider
« 1’ at VEPP-2000 collider
» f1(1285) at VEPP-2000 collider

CMD-3 collaboration e 0
« 1’ at VEPP-2000 collider 7/ 1++

BESIII collaboration q
*  ¥.1(3872) at BEPCII collider SR SO p BEoR o
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BGS]]I Direct Production of ., in e*e- collisions

e*e —YX.q Cross section unknown, proportional to I',
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Theoretical predictions for I’

» Lower limit based on unitarity: I'y, > 0.044 eV
Kaplan et al. PLB78 (1978) 252

» Using Vector Meson Dominance Model (VMD): T, = 0.46 eV
Kihn et al. NPB157 (1979) 125

» More recently using VMD or non-relativistic QCD I',.~ 0.1 eV
Denig et al. PLB736 (2014) 221, Kivel et al. JHEPO2 (2016) 032
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» Latest prediction: T',, = 0.41 eV — providing analysis strategies and predictions

Czyz et al. PRD94 (2016) 034033
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BGS]]I e*e~— X4 search proposed by Czyz et al. INFN

ee Sy a-y(Jpopp) ete” >y sg(J/Y->pu'u”) and ete” > YispR 1
= VISR VISR
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» Interference between y.,—VyJ/w signal © - SO — ol
l " excess N 0’1“%15 BG T Oper * Ui“rff
and y,sg background 0.02~ oo (Fee = 0.41V,¢ = 212°)
N 3 O_II\S/II?BG‘*'O')XS
> Distortion of the line shape depending on soral o ererenee
the phase angle ¢ i | reduction ..+
. . 0.016 |- Py s
» Observation of the interference pattern - M(rer) = (3510.67 + 0.05) MeV™, .
o) & (084 £ 008 MeV | ) 7 -
: 3.505 3.51 3.515 3.52
via energy scan around ¥, at BESIII 5 (GoV)
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BGS]]I e*e—Y. at BESIII [PRL129 (2022) 122001]
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BESII

Background Studies and MonteCarlo Tuning

> Control sample: four data points at energies
where no x4 signal (L, = 6294 pb-1)
» ISR simulation using PHOKHARA
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BGS]]I Extraction of x.4 Signal Events INFN
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BGS]]I Estimation of I, and ¢ values

85 i = Best value ] .
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BESII

BONUS TRACK: What about X(3872)7 INFN

v aka ¥.1(3872) - JF¢ = 1*+
v Nonconventional charmonium state or mixture

v" Very close to the D°D threshold

v Very narrow:

v’ Large part of the decay width still unmeasured

S-wave
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» Main decay channel: X(3872) — " J/wp
» No interference is expected
» VMD prediction: [',, = 0.03 eV  Denig et al., PLB736, 221 (2014
ee g
o . » Energy scan to search for direct production at BESIII
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BEST Search for e*e~ — X(3872) — T*T-J/y @

> Measured e*e"—T* 1 J/p cross section 2°

around the X(3872) mass 2 20

~

» No enhancement of the cross section§

?_: 15
around X(3872) B

> Small dip around X(3872) mass but . °
K

not significant (consistent with flat) & 5
» Estimated upper limits (improvement of

a factor ~ 17)

PRD 107 (2023), 032007

& BESIIl measurement X(3872) mass

— . —.assuming lN,ex# = 0.013 eV for illustration

(one order magnitude lower than previous UL)

'll]l]lllllll'll]l]l[ll[
i vrv.m..........:.':_.' ppp——
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TR TR T | | 1 | |

3800 3820

3840 3860 3880 3900

Center-of-Mass Energy / MeV

[oe X £ (X(3872) > T J/p) < 7.5 x 103 eV

[« <0.32 eV @ 90% CL (assuming total width I = 1.19 MeV)

@ 90% C.L. | previous UL: Tee x # <0.13 eV
BESIII, PLB749 (2015), 414
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BGS]]I In Summary

Energy scan at BESIII: Search for J°¢= 1** states

» First observation (5.10) of direct production of y.,resonance in e*e™ collisions
» Interference pattern observed with ISR processes

» First measurement of y., electronic width

» No observation of X(3872) direct production

Starting from the next year crucial upgrades will improve BESIII capabilities

» Increase in maximum CMS energy 7 opepercn

II
BEPCII

» Increase in integrated luminosity in XYZ region

» New CGEM inner tracker

Peak luminosity (cm™?s™")
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