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The work at the storage ring VEPP-4 
has been carried out on the following lines: 

- Upgrading of the efficiency of the 
storage ring. At the energy ~~ 5 GeV the 
luminosity obtained was 3• 10:iucm-2sec-1. At 
the present time, the maximum energy is 
5.8 GeV. 

- Production of polarized beams and 
development of the polarization measurement 
methods. 

- Hunning of the physical experiments. 
The precise measurements of the masses of 
the psi- and upsilon-meson families have 
been carried out. A study of the two-photon 
processes on the installed detector MD-1 
has been started. 

The time share scheduled for experi­
ments achieved 60% of the calender time. 

1. Beam Production at the VEPP-4 

The linear accelerator, which is sup­
plied by a pulsed gyrokon serves as a sour­
ce of electrons. The electron beam of about 
40 A is accelerated to 50 MeV. The oosit­
rons with an energy of 7 MeV from the tung­
sten target of the conversion system are 
injected into the synchrotron B-4. 

To produce the electrons, the energy 
of the electron accelerator is lowered to 
7 MeV, the converter is mechanically remo­
ved and the magnetic field of the synchro­
tron and of the other elements is changed 
in sign. ··· 

The electrons (or positrons), accele­
rated by the synchrotron to 350 MeV, are 
stored in the storage ring VEPP-3. Particle 
injection is performed on the first harmo­
nic of the revolution frequency with a pha­
se shifted from the equilibrium one. A 0.4-
-second radiation damping time enables to 
inject the particles at 1 Hz repetition ra­
te. 

Acceleration in the VEPP-3 is made on 
the 19th harmonic of the revolution frequen­
cy up to an energy of 2 GeV. The maximum 
accelerated current is 80 mA. An 80-90% of 
the particles are transferred into VEPP-4. 
'.;his makes it possible to have the currents 
of 10 to 12 mA in the VEPP-4. There is no 
need in the higher currents in one bunch at 
the energy of the i))silon-mesons since the 
beam-beam effects appear at these currents. 

During the injection, the electron and 
positron orbits are separated by means of 
electrostPtic electrodes. 'l'hey are brought 
together at the required place in the cour­
se of the experiments. 

The operating rate of storing of the 
positrons in the VEPP-4 is about 0.5 mA per 
minute. The rate of electron injection is 
higher by a factor of 10. In practice, the 
positrons are stored in the VEPP-3 ring for 
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a many-hour run time of the experiment. In 
view of this, the rate of positron collecti­
on has little influence on the storage ring 
performance. 

Vii th the 2 x 10 mA currents in the 
VEPP-4 the lifetime of the beams is about 
5 hours. 

2. The Storage Ring VEPP-4 

The MD-1 detector is installed at the 
central interaction poiut of the storage 
ring at the end of 19BoJ. The distinctive 
feature of the detector is that its magnetic 
field is perpenclicula.r to the plane of the. 
storage ring orbit. 

Such a detector has the following ad­
vantages over the longitudinal-field detec­
tors: 

1. There is the possibility of detec­
ting the particles and analysing their mo­
mentum over the vrhole angular range, inclu­
ding zero angle. This is essential in the 
two-photon processes e-+e+ - e-+e++x, in 
V!hich the scattered electrons and the rea.c­
tion products fly, mainly, forward. 

2. It is convenient to detect the y -
-quanta escaping at zero angles: the locati­
on of the collision ooint in the transverse 
magnetic field provides a low level of back­
ground and a large aperture for their detec­
tion. The use of this possibility has been 
made in the single bremsstrahlung measure­
ment experiments where a considerable dis­
tortion of the bremsstrahlung spectrum in 
the e+e- sca.ttering occ~rs due to of the 
large impact parameters cut off. 

The lay-out of the MD-1 is shovm in 
Fig. 1. There are additional bending mag­
nets on each side of the main magnet, which 
enable a magnetic field in the detector to 
be varied. In order to detect the scattered 
electrons in two-photon processes, a system 
of proportional chambers is placed between 
the bending magnet and the quadrupole lens 
next to the collision point. The design ac­
curacy of the energy measurement of the 
scattered electrons is 1%. The system de­
tects the electrons which escape at the ze­
ro angle with a 10-50% energy loss. The to­
tal-energy electrons are detected in an an­
gular range of 12-100 mrad. 

The main magnet of the detector is a 
closed-type rectangular solenoid. The volu­
me of the magnetic f~eld with a strength of 
up to 16 kG is 9.5 m • Inside the magnet 
there are a system of coordinate proportio­
nal chambers, scintillation counters, deren­
kov gas counters, and the shower-range pro­
portional chambers. In addition, the muon 
chambers are installed behind the magnet 
winding and the iron yoke and inside this 
yoke. 
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Fig. 1. The central interaction region: 
1 - detector MD-1, 2 - additio­
nal bending magnets, 3,4 - elec­
tron tagging and luminosity mo­
nitoring system, 5 - lenses. 

The total number of the electronics 
channels in the proportional chambers is 
equal to ·i6 000. 

So far the transversefield detectors 
has never been installed on electron-posit­
ron storage rings. One of the basic reasons 
for this is a more complicated solution of 
the background problem :i.n such a detector 
due to the loss of particles from the stora­
ge ring and due to the syncgrotron radiati­
on produced in the detector • The experimen­
tal investigatio~ on the storage ring VEPP-4 
has demonstrated that the background condi­
tions at the detector MD-1 are reasonably 
good. In ipsilon-meson mass measurement runs, 
which will be discussed below, there have 
been no significant difficulties with the 
background. 

In order to obtain a high efficiency of 
the detector, it has been necessary that si­
multaneously with the installation of the 
detector MD-1, the bending magnets and the 
electron registration system be placed on 
both sides of the detector. For this reason, 
in VEPP-4, the distance between the lenses, 
adjacent to the collision point is very long, 
about 9 meters. 

This distance has determined the mini­
mum va1 ue of the tJ -function at the colli­
sion point: 45 cm. In further decreasing the 
~ - function at the collision point, the 

vertical aperture of the storage ring in the 
adjacent quadrupole lenses has been limited 
mechanica1ly. Since the size of the aperture 
is of particular importance when storing the 
beams and ':rhen building the energy up, the 
optics of the straight section needs to be 
re-tuned at the energy of the experiments, 

by decreasing the ~ -function dovm to 19 cm 
at the collision point. A similar operation 
has been proposed and tested on the storage 
ring VEPP-3 for the first timel. Ten lenses 
have been involved in the re-tuning of the 
optics. With the same beam currents the 
VEPP-4 luminosity has been doubled. 

The Psi-meson mass measurement8 has been 
made at the detector 10LYA 1 located in the 
side collision point. Upon installation of 
the magnetic detector MD-1 a new version of 
the straight section optics has been used. 
This has been easy to do owing to an inde­
pendent power supply for the elements of the 
straight section. In this version three col­
lision points with low ~ -functions at a 
time have been dropped and only the central 
collision point has been retained. For this 
purpose, the point with Q, == B. 54 and Q,, == 
= 9.60 has been chosen as an operating one, 
since in this case the linear synchrotron 
resonances are absent and the energy disper­
sion at the collision point is equal to ze­
ro. 

In addition, the new version of the 
straight section optics has allowed the 
smaller number of points with large values 
of the ~ -function. This has resulted in an 
effective increase of the aperture and in a 
reduction of the chromatism, which has per-· 
mitted one, in turn, to weaken the sextupole 
corrections. 

Operating the new optics in the experi­
mental runs has given positive results. The 
linear beam-beam tune shift has been achie-
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The luminosity of the storage ring with 

the detector MD-1 installed on it can be 
further increased by making the vertical j':> -
- function 2-3 times lower and by using the 
mu1ti-bunch mode of operation. These experi­
ments are under way. 

~· Control 

Six computers 1 0DRA 1 (ICL) with 32 or 
64 K of core memory words control the ope­
ration of all the systems of the storage 
ring. The utilities for a fast program pre­
paration and the multiprogram mode in each 
computer offer convenience in control. All 
the programs are written by the machine Peo­
ple themselves. About ten microprocessors 
are employed at the lower level. All the com­
puters are united by a computer library. 
There is a special computer intended for si-
mulation. ~ -

At present, about 20% of the control 
uni ts are made in CA!°VIAC. Further improvement 
of the system is connected with use of the 
whole set of uni ts and micronrocessors made 
in the CAM.AC standard. ~ 

4. Polarized Beams 

The electrons travelling in a ma~netic 
field are subject to the radiative polariza­
tion. The time of polarization is Proportio­
ne.l to E-5 and at the energy of upsilon-me­
son it is equal to 50 minutes. 
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In practice, the degree of polarizati­
on can prove to be small, particularly for 
spin precession frequencies in the vicinity 
of integer multiples of the revolution fre­
quency of the frequency of betatron oscil­
lations. The strength of resonances depends 
on perturbations in the storage ring and is 
connected, first of all, vrith radial magne­
tic fields. 

The initial experiments have given va­
gue results on accoilnt of a low degree of 
polarization. The analysis has been made, 
which has enabled the most probable reasons 
for this situation to be elucidated. A de­
gree of polarization of over 50% has been 
achieved by means of a distributed system 
for suppressing the coupling of radial and 
vertical betatron oscillations instead of 
the previously used system of lumped cor­
rectors in the straight sections. It is 
probable that in this case the coupling is 
compensated at the place of its origin. 

With the help of correctors with a ra­
dial magnetic field the degree of polariza­
tion has been demonstrated to be a function 
of the amplitude and the phase of a spin 
perturbation harmonic. 

To measure the degree of polarization, 
we have made use of various methods. Previ­
ously, at low energies (1.5-2.0 GeV), the 
measurement has been based on the dependence 
of the elastic scattering of particles in­
side a bunch (Touchek effect) on the pola­
rization. At high energies, this method be­
comes ineffective and we have used the de­
pendence of the Compton scattering cross 
section of circularly polarized photons on 
the transverse polarization of electrons. 
At alternate light polarizations the diffe­
rence in the vertical distributions of Com­
pton quanta is proportional to the degree 
of transverse polarization of electrons. 

Two versions of measuring the polariza­
tion have been realized. In the first ver­
sion a solid-state laser of 1 W power (the 
LAP method-laser polarimeter) serves as a 
source of circularly polarized light9. In 
the second, the synchrotron radiation emit­
ted by the opposite-rotating beam, which 
has a considerable degree of circular pola­
rization with opposite sign above and below 
the plane of equilibrium orbit, is utilized 
as a source. For this purpose, the colli­
ding beams have been separated vertically by 
electric fields over Jo.., (i.e. 0.1 mM) 
(the CSIP method)1u. As has been noticed, 
at the beam currents close to the beam-beam 
effects, the polarization of the beams has 
reen destroyed. 

Fig. 2 presents the energy dependence 
of the beam polari-zation measured by the 
LAP method. One can clearly see the absence 
of the polarization at the energies when 
the spin precession frequency is integer 
multiple of the revolution frequency and of 
the betatron frequencies. The maximum deg­
ree of polarization has constituted about 
80%. 

Additionally, the polarimeter using 
spin correction to SR intensity was reaxi-
zed successfully. 
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Fig. 2. 

5. Experiments 

The development of the methods of ob­
taining the polarization in the VEPP-4 and 
the methods of measuring its degree as vrel1 
as the use of the conventional technique of 
beam depolarization by a slow scanning of 
the frequency, perturbing the spin motion, 
has enabled the energy calibration of the 
storage ring with respect to the frequency 
of beam depolarization to be performed and 
the mass of the psi- and ipsilon-mesons to 
be measured. 

Three frequencies on which the beam de­
polarization has occured have been fou..'1.d in 
the course of energy calibration. The side 
frequencies have been separated from the 
central one by the frequency of synchrotron 
oscillations. The side bands has been iden­
tified by the smaller strength of the depo­
larizing resonances and by variation of the 
synchrotron frequency with tuning the acce­
lerating rf voltage. 

We have carried out about 600 energy 
calibrations. When processing the measure­
ment results we have taken into account the 
effects which are likely to cause an errone­
ous estimation of the mass. In particular, 
among these effects there are the change of 
the ~ -function and, hence, of the coun­
ting rate of events upon deviations of the 
particle momentum from the equilibrium va­
lue. It is the effect mentioned above, the 
most significant from those taken into acco­
unt which has resulted in a correction to 
the mass of about 0.05 MeV. 

The masses 
M{i") 
M(V-'/ 
M(Y) 
M(Y"')"' 
M(Y'j::: 

3096.9 ±0.1 IileV 
3686.o Mev±o.1 MeV 
9460.6±~.4 MeV 
10023.8_:;:0.7 MeV 
10355.5-0.6 MeV 

have been found to a high accuracy. 
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The two-photon physics experiments have 
been started. 

'l'he storage ring is equipped with five 
extraction channels for SR beams. The work 
concerning with high-energy physics is being 
made simultaneously with the studies on the­
se beams by a variety of research groups. 

6. Prospects 

The basic program of the experiments, 
which is scheduled for the nearest years is 
a study of the two-photon processes. For 
these experiments the detector MD-1 and the 
general lay-out of the collision point on 
the VEPP-4 offer some advantages. As to the 
energy, the work will be made in the range 
of upsilon resonances. This will make it 
possible to investigate the properties of 
this family of resonances as well. 

The development of the methods of ob­
taining the longitudinally-pol~rized beams 
at the storage ring is carriedi1 on and the 
problems associated with the monochromatiza­
tion of an interaction energy are being 
treated12. 
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