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Outline

● Why measure the relative phase of charmonia?
● Event Selection with MC samples
● Data
● Phase measurements with “traditional” fit
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Phase measurements
Three possible diagrams can contribute 
to the process e+e → hadrons

The relative phase is assumed to be zero 
between continuum and electromagnetic 
processes.

We would like to extract the phase of the 
strong amplitude.

While in the case of psi(2S) the phase 
shall lie around 90°, there is no clear 
indication on wheter it shall be real or 
not
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Data used

Still missing  a measurements 
of the real luminosities, used 
the nominal at present time

Added also the continuum data at 3.65 GeV (44/pb)

Reconstructed data: 
/bes3fs/offline/data/704-1/psipscan1805/dst

All data also available in Torino servers 
/media/bespanda/dati_bes/dati_scan/phasepsipscan/ 
/home_bes009/mdestefa/lists/psip_phase

2018 psi(2S) data taking
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MC Generator

● BOSS version: 7.0.4
● 20000 events for each energy value to estimate the efficiency and extract the 

event selection
– e+e- → pipiJ/psi, J/psi → l+l-

– Both real energy and spread are used in the simulation
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Event Selection

● Event selection follows similar criteria of other pipiJ/psi final state analyses (PRL 118, 
092001 (2017))

● Event Selections:
– 4 charged tracks with 0 net charge
– | cos θ| < 0.93
– Vz,poca < 10 cm

– Vxy,poca < 1 cm

– p > 1.06 – track is a lepton
– p < 0.45 – track is a pion
– Energy in EMC > 0.35 – lepton is an electron
– 4c kinematic fit is applied

● Radiative Bhabha and radiative dimuons background are suppressed by a cut on the opening 
angle between the two pions (cos | θpipi | < 0.98) and non-radiative Bhabha events are further 
suppressed with a cut on the opening angle between the two lepton (cos |θee| < 0.98).
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Event Selection

Lepton e/p
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Extracting the number of events
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e+e- final state
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Results with MC and Data
3650 MeV

MC
Data

3686.6 MeV

MC Data

Crystall ball + Chebychev polynomial

Double Crystall ball + Chebychev polynomial
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More on 3650 fit

Investigation on the invariant mass of pipi will help to 
understand the significance of the signal
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Efficiency and number of events
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Efficiency and number of events

Due to ISR effect – Correction to be 
addressed
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Observed cross section
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μ+μ- final state



17

Results with MC and Data
3650 MeV

Data
MC

3686.6 MeV

DataMC
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Efficiency and number of events

Due to ISR effect – Correction to be 
addressed
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Observed cross sections
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A question on the 1+delta correction

● I tried to use KKMC correction by extracting the 
output cross section from program with Radiative 
correction on and off

ON OFF

Then I divide the two cross sections (OFF/ON) to get 1+delta.

Is this right?
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Phase extraction
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e+e- → pipiJ/psi, J/psi → e+e-

First preliminary result – efficiency fixed at 32% for each point

BR(PDG) = 
(34.68 +/-  0.3)%

BR(PDG) = 
(34.68 +/-  0.3)%

Phase = (119 +/- 5)°
BR = (33.3 +/- 0.2)%
Continuum (@3550) = 
(35 +/- 21) pb

100k extraction per
energy
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e+e- → pipiJ/psi, J/psi → μ+μ-

First preliminary result – efficiency fixed at 47% for each point

Phase = (112 +/- 6)°
BR = (33.1 +/- 0.3)%
Continuum (@3550) =
(13 +/- 11) pb

BR(PDG) = 
(34.68 +/-  0.3)%

BR(PDG) = 
(34.68 +/-  0.3)%

10k extraction per
energy
10k extraction per
energy



24

Summary and outlook

● Stable event selection since July, finalized also the fitting 
functions to extract the number of events

● Fit routine, albeit older, converges to compatible results for 
both final states
– Only important difference is the continuum, investigation on-going 

● Next step:
1) to study the cross sections: 

● correct the ISR effect with 1+delta correction at the efficiency
● study the systematics

2) to extract the phase:
● Systematics from the previous point
● Update fit routine to test both sign hypotheses
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