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Final States in ete” Collisions

At e*e- machines vector states are produced
* Annihilation into single photon (JF¢ = 1-)
* EM process: C and P are conserved

* Discovery of J/Y and Y
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Final States in ete” Collisions

* Production of axial-vector mesons forbidden at tree level (JPC=1++)
« Two-photon transition allowed!
 However, no definitive observation until now:

» Several channels tested without success: n, n’, fy ag, a»

» First hint from SND on f,(1285) (2 events, 2.50)

* The xq is a promising channel to look for at BESIII



Final States in ete” Collisions

* Cross section proportional to electronic width (Fge)

* Several theoretical predictions:
> Unitarity limit: . > 0.044 eV
» Vector Dominance Model: I, _.=0.46eVorrl,,~0.1eV.

> NRQCD: I ~0.1eV
> Latest prediction: I, = 0.43



The Role of Interference

Latest prediction: I, = 0.43

* Include interference between
ete” — X1 — ¥/ — ypturand eter > y /Y — ypty

* Distortion of the total line shape (phase angle ¢)

[ T | T T T T I T T T T T T T T I T T T T _]
0.0175 ; -
S DEmE. —
Zoootesl- e, -
& C Foiarl e Bl ]
] Feve” o yisp]/Y - -
= 00160 i Ttee, —]
1 n T T =
‘© = ' ]
Zg, 00155 e*et o xou +Visri/Y . =
0.0150 -
- M(Xa? s

o 0145 1 I 1 1 1 1 I 1 1 1 1 1 1 1 1 I 1 1 1 1 | 1

; 3.500 3.505 3510 3515 3.520

(s (GeV)

Implemented within the Phokhara generator
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The Role of Interference

Experimentally:

* Scan energy region around x.; mass (=450 pb! at 4 E., points)

* Energy resolution =50 keV (BEMS)
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I The BESIIl Experiment (1)
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 Located at the BEPCII collider TO:r

(Beijing, China)
* Symmetric ete-beams

« ECM between 2-4.95 GeV
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Drift Chamber
0.~ 130 um (single wire)

* Maximum luminosity: 1 nb-'/s 0u/p~ 0.5 % @ 1 GeV

« 93% coverage of the solid angle

29.09.2022

Electromagnetic CsI(Tl) Calorimeter
or/E<2.5% @ 1 GeV (barrel)
or/E<5% @ 1 GeV (end caps)

0,y ~ (6 mm)/E'2 @ 1 GeV
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RPC Muon Detector
AQ/47=93%




The BESIIl Experiment (2)
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» World largest t-charm dataset in e*e- annihilation

* Detailed studies in:
» Charmonium spectroscopy and charm physics
» Light hadron dynamics
» t-physics
» R-scan
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Analysis Strategy

Select events with:
» 2 oppositely charged tracks
* |dentified as muons (Egpc< 400 MeV)
At least 1 photon
Kinematic fit (4C):
« Beam energy-momentum conservation of ppy system

» Test all reconstructed photons
« Select photon with best x?

Best photon in central region (|cos8,|<0.8)

2D Fitto (M,,,,|cosB,|) distribution
« Templates from simulation
* Obtain Ngg and Npq
* Interference parameters from dedicated scan




I Signal Everywhere? MC Validation

Test the analysis strategy on control samples
« Up to 2.30 significance (scaled to 180 pb-! integrated luminosity)!
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Signal Extraction
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Signal Extraction
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First Observation!

Combining the 4 energy points: 5.1c global significance
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Discrepancy wrt. predicted interference parameters
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First Observation!

Combining the 4 energy points: 5.1c global significance
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First measurement of x., electronic width!
Published on Phys. Rev. Lett 129 (2022) 12001
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Conclusion and Outlook

* Final states with JP¢#£1- can be produced in e*e-annihilations

* First observation of direct production of x4 (5.10)

> Interference pattern between e*te- — yJ/P and X1 — yJ/P

> First measurement of x.1 electronic width

* New technique to investigate properties of conventional/exotic

mesons in ete—-collisions

* Investigation of x.o direct production foreseen
» Different quantum numbers

> Validation of the technique



Search for X(3872) in ete” annihilations

* VMD prediction: I, = 0.036 eV
* Look for signal in ete- — - J/

* No interference expected!

* 4 energy points (> 300 pb')

> 1 at X(3872) mass Point | Fems (MeV) | Lint (pb™)
1 3807.7 50.5
2 3867.4 108.9

> 3 off-resonance 3 2371 .3 110.3
4 3896.2 H2.6
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Search for X(3872) in ete” annihilations

BESIII Preliminary
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« No signal observed: I,_.x B<0.75x 103 eV @ 90% CL

Submitted to PRD (arXiv: 2209.12007)
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p° (P-wave)
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