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Abstract

We plan to measure the mass of τ lepton near the thresh-
old of its production with an accuracy 10−4 or better in the
experiment with the detector KEDR [1] at the e+e- collider
VEPP-4M [2] using the method of resonance depolariza-
tion for calibration of particle energy. The scenario of ex-
periment, the developed systems of polarimeters and the
depolarizer are described. Some points of the beam polar-
ization and the energy calibration accuracy are considered.

1 INTRODUCTION

The PDG [3] value of the τ lepton mass is 1777.03+0.30
−0.26

MeV. The error given is based mainly on the measurement
of the BES detector at the e+e− collider BEPC [4] where
the value of the τ mass 1776.96+0.18−0.25

−0.21−0.17 MeV was ob-
tained near the threshold of τ production. The absolute en-
ergy scale and energy spread at the BEPC were determined
by interpolation between results of repeated scans of the
J/Ψ and Ψ′ resonances. The values of J/Ψ and Ψ ′ masses
from PDG were used. Inaccurate khowledge of the abso-
lute value of beam energy in the vicinity of the threshold
gives a main systematic error of this experiment. Theory
predicts a quite simple relation of the tau mass with the
lifetime and electronic branching fractions. Raising of an
accuracy in determination of two last-named parameters is
known to be planned in experiments at the B-factories. In
conjunction with our planned result for the τ mass, this can
permit to verify the principle of lepton universality in the
standard model with the accuracy a few times better than
the existing one.

The resonance depolarization method [5] for calibration
of particles energy in storage rings is based on the mea-
surement of the spin precession frequency Ω of beam elec-
trons in the guiding magnetic field. The spin precession
frequency in an ideal storage ring with flat orbits

Ω = ω0

(
1 + γ

µ′

µ0

)
.

with ω0, the revolution frequency; µ ′/µ0, the ratio of the
anomalous and normal parts of the magnetic moment; γ,
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the relativistic factor to be determined. The revolution fre-
quency is known with a high accuracy - better than 10−6.
The value Ω is found by the resonance depolarization of the
beam electrons. The polarized beam is acted by an exter-
nal oscillating e.m. field whose frequency is scanned. The
polarimeter is needed to fix this frequency at the moment
of polarization destruction. The process of forced depolar-
ization is slow enough to provide averaging of the parti-
cle energy over many periods of synchrotron oscillations.
This allows to find the absolute beam energy with an accu-
racy much better than the beam energy spread. The exper-
iment may be complicated by the fact that the τ threshold
stands in the vicinity of the intrinsic integer spin resonance
ν = γµ′/µ0 = 4 (E = 1.763 GeV) where depolarizing
effect of magnetic field imperfections in the storage ring is
strengthened. In our case, this means that the existence of
beam polarization and the possibility of its application for
energy calibration may be significantly limited in time.

2 SCENARIO OF THE EXPERIMENT

A measurement of the τ+τ− production cross section is
performed by the detector KEDR in the region most sensi-
tive to the τ mass - a few MeVs around the threshold (1.78
GeV). For the calibration of energy, the polarized electron
beams are injected in the storage ring VEPP-4M from the
booster storage ring VEPP-3 (see Fig.1). Radiation polar-
ization of particles in VEPP-3 occurs with the characteris-
tic time τp ≈ 20 minutes at the maximal energy of VEPP-3
E = 2 GeV. Before a beam injection in VEPP-4M, the en-
ergy in VEPP-3 is lowered to the energy region above the τ
threshold, but below the spin resonanses in VEPP-3, deter-
mined by combinations of the spin frequency and betatron
tunes. Conservation of beam polarization in the process
may be provided with the technique of fast spin resonance
crossing [5]. Alternatively, the beam polarization in VEPP-
3 is organized at the energy of injection. The 3D spin rota-
tions in magnets of the injection line decrease the vertical
projection of polarization at VEPP-4M by a few percents.
The depolarizing effect of quantum fluctuations in the pres-
ence of magnetic imperfections leads to disappearence of
the beam polarization in VEPP-4M during the spin relax-
ation time τr. The extent of depolarization is given by the
factor G = P/P0 = τr/τp < 1 where P and τr stand re-
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spectively for the equilibrium degree and time of radiation
polarization in the real machine with imperfections. Cor-
responding parameters in the ideal machine are P0 = 0.92
and τp. The value τp varies with the energy as E−5 and

Figure 1: Layout of the polarimeters at VEPP-4.

is quite great near the τ threshold for VEPP-4M: τp ≈ 85
hours. By this reason, even with G << 1, the time τr

may be comparable with the time of one beam run in the
sufficient neighbourhood of the τ threshold.

3 DEPOLARIZING EFFECT OF
MAGNETIC IMPERFECTIONS

Parasitic radial magnetic fields in the storage ring is as-
sumed to be the main depolarizing factor in the region of
the τ threshold. Their effect is given by the formula [5]

τp

τr
≈ 11π4

54
ν4(1 + 2 cos2 πν)

sin4 πν

N∑
j=1

η2
j h2

j |F ν
j |2

where N is the number of perturbations; ηj is a fraction of
the orbit occupied by the j-th perturbution; η jhj = δzj/fj

if the radial field is due to the vertical misalignment (δzj) of
the quadrupole lens with the focal length fj . The complex
value F ν is the spin response function [5] which shows
how the direct depolarizing action of the perturbation in the
form of transverse e.m. field can be amplified due to ver-
tical betatron oscillations excited by this field. In the ma-
chine with strong focusing, the F ν depends not only on the
energy and the vertical betatron tune but also on the general
view of magnetic structure [6]. For VEPP-4M (δz ∼ 100
µm, f̄ ≈ 330 cm, N ∼ 100) G = τr/τp ∼ 1/150 at
E = 1777MeV (ν = 4.03, |F ν |2 ≈ 12), i.e. τr ∼ 30 min-
utes. The depolarization rate is very strongly varied with
the resonance tune ε = ν − k: τ−1

r ∝ ε−4.

4 ON ACCURACY

The shift and broadening of the spin precession line by
virtue of the guiding field non-linearities [5] are estimated
to be ∆ν/ν ≤ 10−5.

The systematical shift of the spin precession frequency
due to the influence of radial magnetic fields may be esti-
mated from

∆ν ∼ ν2 cosπν

8π sin πν

N∑
j=1

χ2
j

where, for the case of vertical closed orbit distortions z0

in focusing elements, the perturbation χj = z0j/fj . For
VEPP-4M this yields ∆E/E = ∆ν/ν ∼ 5 · 10−5 at the τ
threshold (ν = 4.03) with < z2

0 >1/2≈ 1.5 mm.
Inaccurate compensation of the longitudinal magnetic

field of KEDR detector by the anti-solenoids gives the spin
tune shift

∆ν ≈ ϕ2

8π

cosπν

sinπν

where ϕ is the residual angle of velocity rotation around
the KEDR axis. Also this defect leads to excitation of
the betatron coupling resonance which contributes the fre-
quency split of normal modes by the value δνC . Betatron
coupling compensation with anti-solenoids at the level of
δνC ∼ 5 · 10−3 is quite available and corresponds to the
accuracy of ∆E/E ∼ 1.5 · 10−5 at 1773 MeV.

It is plausible to provide the energy stability at the level
of ∼ 10−5 during the measurement of the τ +τ− produc-
tion cross section if the radial deviations in time of the
closed orbit << 1 mm.

5 POLARIMETERS

5.1 Polarimeter based on intra-beam scattering

The cross section of mutual scattering of electrons (Tou-
schek effect) in the polarized beam is some less than in the
unpolarized one. To observe the polarization one needs to
depolarize the beam using an external spin resonanse and
determing the fact of depolarization by the jump ∝ P 2 in
the counting rate of scattered beam particles [5]. Earlier,
such a method was used in the measurements of the J/Psi-
and Psi’ mass at VEPP-4 [7]. Magnetic structure of VEPP-
4M and a newly proposed polarimeter scheme differ from
that in [7]. The polarimeter device “Depolarizer-Counters”
(DC) will be installed in the technical straight sections of
both VEPP-4M and VEPP-3 (see Fig.1). It is based on a
cylindrical section of vacuum chamber of lengh 830 mm.
There is a pair of scintillation counters at the both ends
of this section. Counters of each pair can be moved from
opposite sides of chamber inward the aperture in the hori-
zontal plane and register the Touschek electrons scattered
at the most part of the ring. The two-fold/four-fold coinci-
dence curcuits of counter pulse registration are used to de-
crease the uncorrelated background influence. To exclude
the influence of changes in beam sizes, the closed orbit po-
sition as well as the beam lifetime dependence, the method
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of ”two bunches” is applied. The value 1−N2/N1 is under
observation where N1 and N2 are respectively the counting
rates of the polarized bunch and the unpolarized one spaced
at one-half turn. Numbers of particles in the bunches must
be equalized with the accuracy of a few percents. Under
the position of counters at a distance of 1 ÷ 1.5 cm from
the beam, the design counting rate makes up about 10 kHz
with the jump of 3% at the beam current of ∼ 4 mA.

5.2 Depolarizer

The two matched striplines with the vertical gap of 60 mm
between them are mounted inside of the polarimeter sec-
tion to create the TEM wave moving towards the beam.
The alternative variant may be the use of matched plates
of the separator system at the experimental area of VEPP-
4M. The signal source is the frequency synthesizer con-
trolled by a computer with the minimal band width of
∆fd ∼ 1 − 10 Hz and the rearrangement step of 1 Hz.
The power wide-band amplifier provides the amplitude of
the voltage between striplines up to Ud ≈ 400 Volts. The
rate (τ−1

d ) of forced depolarization with the transverse field
crucially depends on the value |F ν | at the place of the depo-
larizer location: τ−1

d U2
d ∝ |F ν |2/∆fd. The design depo-

larization time τd is a few tens of seconds at E=1780 MeV
with Ud ≈ 200 Volts, ∆fd = 10 Hz. The use of alter-
native plates may be preferrable to decrease the necessary
value Ud since the factor |F ν |2 at the place of their position
is about 100 times greater than for striplines placed at the
technical area of VEPP-4M.

5.3 Møller polarimeter with internal target

With the aim to check the polarization at VEPP-3, we in-
tend [9] to use a nondestructive method based on watching
the asymmetry in scattering of beam electrons by the in-
ternal polarized target (ITP) [5]. The effect of azimuthal
asymmetry with a transverse polarization of both the beam
and the target electrons reaches 1/9. This may be doubled
if it is possible to change a sign of the target polarization.
To date such a method has not been applied yet in experi-
ments with circulating beams anywhere. Our internal target
will be presented by the deuterium jet being injected from
the Atom Beam Source (ABS) of the DEUTERON Facility
[8] into the vacuum chamber of VEPP-3 (see Fig.1). Elec-
tron polarization of the ABS beam is close to unity. A spe-
cial magnetic system creates the periodically varied in sign
field to control the target polarization. Two detectors, po-
sitioned above and down with respect to the median plane
and removed from the target at the distance optimized to
observe the polarization effect, register a pair of the beam
electron and the jet one providing their correlation in two
transverse coordinates. The design asymmetry in count-
ing rate is expected to be as 5 times as a statistical error in
8 minutes at the beam polarization of 80 % and the beam
current of∼ 100 mA. The preliminary experiment has been
performed [9] during the run on measurement of deuteron
formfactor at the DEUTERON facility.

5.4 Test observations at VEPP-4M

We have tested the polarimeter system based on intra-beam
scattering in the energy range of J/Psi peak using two aux-
iliary scintillation counters mounted on the outside of the
vacuum chamber (see Fig.1). In spite of the low counting
rate of ∼ 100 Hz in this case, the accuracy achieved in
determination of the depolarization frequencies (see Fig.2)
corresponds to the accuracy in energy of ∼ 10−5. The fact,
that it is precisely the spin precession frequency, was sus-
tained by the J/Psi peak position found with KEDR.
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Figure 2: The observation of jump during one of the scan-
ning of depolarizer frequency.

6 SUMMARY

The accuracy better than 10−4 in beam energy calibration
at the region above the τ threshold is quite achievable.
Going toward the τ threshold, the parasitic beam depolar-
ization may noticeably bound the calibration procedure in
time.
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