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The results of the high precision J/ψ and ψ (2S) mass measurements carried out at the
VEPP-4M collider in 2002 with the KEDR detector and the preliminary results of the
ψ (2S) and ψ (3770) scans in 2004 have been presented. The resonant depolarization
method was used to calibrate absolute beam energy. The mass determination accuracy is
12 keV for J/ψ and 20 keV for ψ (2S). For the relatively broad ψ (3770) state the accuracy
of the mass measurement is approximately two times better than that of the current world
average value.
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1. Introduction
Precise measurements of the J/ψ and ψ (2S) meson masses provide the energy scale
in the range around 3 GeV which is a basis for accurate determination of masses for all
charmed particles. These measurements are also important for the accurate determination
of the τ -lepton mass.
The present work continues a series of experiments on precise measurement of the
onium resonance masses, which exploit the resonant depolarization method suggested in
the Budker Institute of Nuclear Physics [1]. The goals of the regular runs made in 2002 and
2004 at the VEPP-4M [2] collider with the detector KEDR [3] were to improve accuracy
of the J/ψ , ψ (2S) and ψ (3770) meson masses and to develop the resonant depolarization
technique at VEPP-4M for experiment of the forthcoming τ mass measurement [4].

2. Description of experiment
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During 2002 four scans of J/ψ and three scans of ψ (2S) were carried out with integrated
R
luminosity Ldt ≈ 40 and 76 nb−1 for J/ψ and ψ (2S) regions, respectively [5]. To determine
resonance mass, the data was collected at 7 points of the resonance excitation curve (Fig.1).
Before data acquisition at point 1, the beam energy calibration was made to fix the current
energy scale. At points 2—6 the energy calibrations were performed before and after data
taking. The point 7 requires no energy calibration. The resonant depolarization method
was used to calibrate the energy . The characteristic energy uncertainty of one beam energy
calibration is 1.5 keV (for more detail see [6]).
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The result of the energy interpolation for runs in May 2002 is illustrated in Fig. 2. The accuracy of the energy interpolation varies from 6 to 8 keV during the whole experiment. The
R
regions of ψ (2S) and ψ (3770) mesons have been scanned twice in 2004 ( Ldt ≈ 650 nb−1 ).
Scanning in the vicinity of the ψ (2S) was performed according to the scenario described
above. For the ψ (3770) the data was collected at eleven center-of-mass energies over the
range 3.75—3.92 GeV. At the points near the ψ (3770) peak the energy calibrations were
performed before and after data accumulation. The energy calibration was not required off
the peak. The accuracy of the energy interpolation 30 keV was achieved.
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Figure 2: The difference between interpolated energy and the measured energy with all aperiodic
dependences accounted (left). Aperiodic energy dependence on time due to switching on the storage ring and the magnetization cycles(right). The error bars show the mean deviation from the
interpolation.

3. Detector conditions

4. Mass determination procedure and results
The observed cross-section for hadron production as a function of beam energy is
shown in Fig. 3. The fit folded the Gaussian beam energy spread with radiative corrections [7] and Breit-Wigner cross-section. The ψ (3770) resonance fitting function described
the resonance shape and the dominant nonresonant hadronic backgrounds, and included
radiative corrections for the resonance itself, nearby the ψ (2S) and the continuum. The
original ψ (3770) resonance shape is parametrized as simple nonrelativistic p-wave BreitWigner, where the total width depends on energy [8]. The scans of J/ψ , ψ (2S) were
considered as independent experiments to obtain the resulting averaged mass values. The
individual mass values of the scans were weighted using their statistical errors and ignoring
the systematic ones. The specific systematic errors of the individual scans were weighted
correspondingly. Then the systematic error common for all scans was taken into account.
Such procedure overestimates the total error, but allows one to separate the statistical and
systematic errors of the resulting value. The following mass values have been obtained in
the experiment of 2002:
MJ/ψ
Mψ (2S)

= 3096.917 ± 0.010 ± 0.007
= 3686.111 ± 0.025 ± 0.009
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The KEDR detector consists of the vertex detector, the drift chamber, the time-of-flight
system of scintillation counters, the particle identification system based on the aerogel
Cherenkov counters, the calorimeter (the liquid krypton in the barrel part and the CsI
crystals in the end caps), the superconducting magnet system and the muon tube system
inside the magnet yoke.
In 2002, the magnetic field was off and the liquid krypton calorimeter was out of
operation. During season 2004 the magnetic field was 6.5 kGs and the liquid krypton
calorimeter completely worked. The trigger efficiency was approximately 0.4 and 0.9 for
2002 and 2004 runs, respectively. Single bremsstrahlung monitors were installed in both
e+ and e− directions for the operative VEPP-4M luminosity measurements. Their stability
is not sufficient for the precise mass measurements, therefore, events of Bhabha scattering
detected by the end-cap CsI calorimeter were employed.
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Figure 3: The visible cross-section for e+ e− → hadrons versus beam energy. Four scans of J/ψ
(left) and so on three scans ψ (2S) (center) and two scans ψ (2S) and ψ (3770) together (right) are
presented.

5. Conclusion
New high precision measurements of the J/ψ , ψ (2S) and ψ (3770) meson masses were
performed with the KEDR detector at the VEPP-4M collider in 2002-2004 . The relative
measurement accuracy reached 4 · 10 −6 for J/ψ and 7 · 10−6 for ψ (2S) which is
approximately 3 times better than that of the previous precise experiments. The accuracy
of the mass measurement for ψ (3770) is approximately two times better than that of the
current world average value [9]. Further improvement of accuracy for the ψ (2S) and
ψ (3770) masses is expected after the analysis completion.
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The analysis of the new data of 2004 is in progress, the preliminary values of the masses
ψ (2S) and ψ (3770) are:
Mψ (2S)
= 3686.117 ± 0.012 ± 0.015 MeV
Mψ (3770) = 3773.5 ± 0.9 ± 0.6 MeV

