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Injection Complex VEPP-5 providing both BINP colliders VEPP4M 
and VEPP-2000 with the electron and positron beams

Parameters (2016): Energy: 395 MeV
Storage rate e- @ 12.5 Hz: 4.0·1010/s (70 mA/s)
Storage rate e+ @ 12.5 Hz: 4.0·109/s (7 mA/s)
Max. beam current e- : 100 mА, 4.2·1010 particles
Max. beam current e+ :  70 mA, 2.9·1010 particles

Conver
sion
System

Beamline to VEPP-2000

Beamline to VEPP-4M

Injection Complex 
and beam transfer lines 4



VEPP-4M electron-positron collider

Deuteron



VEPP-4M PARAMETERS

Energy 0.925 ÷ 4.75 (5.2)

Circumference 366.075 m

Number of bunches 2e+ x 2e-

Harmonic number 222

Betatron tunes, h/v 8.54/7.57

Compaction factor 0.0168

Coupling 0.05%

Bunch length (z) 5 cm

Beam Energy 1.5 1.8 3 4.7 5.2 GeV

Emittance 16 25 67 167 200 nm·rad

Energy Spread 2.5 3.0 4.9 7.8 8.5 ·10-4

Beam Current 1.6 3.0 12 25 25 mA

Luminosity 0.9 2.0 14 44 25 ·1030 cm-2·s-
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Typical Bunch Dimensions at BINP 

cyclic Accelerators
   

z
 3 - 5 cm 

Bunch dimensions at the VEPP-4M  

electron-positron collider (E = 1900 MeV):

y  140  250 m

x  800 m

z  4 cm (120 picoseconds)

22 bunches of e+ e-, 55 mA

y cross-section

x cross-section

y 
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VEPP-4M Control Room

x,y control and 

measurements

z control and 

measurements



Streak Camera transformed into Dissector

 Fast RF sweep and low frequency 

scanning voltage

Deflecting plates
Slit

Photocathode

Focusing electrode

Anode

Streak Tube
Electron 

Multiplier Tube

The simplified layout of the dissector

Dynodes
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Streak Camera transformed into Dissector

Beam longitudinal profile Q(x) 

obtained at the slit aperture 

with RF fast sweep

Slit

Electrons charge 

passing through the slit

Slow scanning of the 

beam longitudinal profile 

across the slit
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The electrons passing through the slit are amplified by the  Electron 

Multiplier Tube. The anode signal of the EMT is recorded by the ADC

A frequency of the RF 

fast sweep is a high 

harmonic of revolution 

frequency
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The software for processing of the dissector 

signals
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The record of positron bunches lengths, saved in 

the data base of the VEPP-4M during 12-hours shift

The beams are absent

Injection of the beams 

and energy ramp

Data-taking runs



The behavior of the longitudinal profiles of the bunches during  beam 
storage and acceleration in the VEPP-3 (the booster of the VEPP-4M collider)

m
V

4, ps

4, ps

m
V

m
V

4, ps

The phase oscillations of the bunches 
during storage process

The acceleration of the beam to E = 1892
MeV. The acceleration frequency switches
from 8 MHz to 72 MHz at the E = 600
MeV. It leads to well-seen decrease of the
bunches length.

The storage of the beam in the 

booster at the energy E = 354 MeV 

The repetition rate (slow scan frequency) is 50 Hz



Dissector operating in the mode of «phase slit»

Beam longitudinal profile Q(x) 

obtained at the slit aperture 

with RF fast sweep

Slit

Electrons charge 

passing through the slit

Slow scanning of the 

profile across the slit is 

switched off.
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The dissector records the dipole  oscillations of the beam and any distortions on 

the longitudinal profile of the beam at the point of a  beam profile, which was 

placed on the slit.
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Synchrotron Oscillations (Siberia-2)

f, kHz

The spectrum of synchrotron oscillations

appearing at “Siberia-2” storage ring during

beam accumulation at multi-bunch mode.

Dissector may be used as a phase

detector and the spectrum of synchrotron

oscillations can be computed.

s = 23.345 kHz
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Beam injection from the VEPP-3 into the VEPP-4M

The radial (blue line) and longitudinal (red line) oscillations of a beam after injection

from the VEPP-3 into the VEPP-4M. The dissector operates in the «phase slit»

mode. The motion of the beam in the phase space can be computed.

φ, a.u.


r,

 a
. 
u
.
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LI-602 the dissector: advantages and disadvantages

Advantages Disadvantages

Very reliable. Actually, the 
device is working daily during 
tens of years all the time when 

the beam is present in an 
accelerator.

The last dissector was 
produced at the end of 1980-th

Moderate temporal resolution 
(20-30 ps FWHM). This value 

can not be improved.

Has some  problems for
application with multi-bunched 

beam

All the presented examples 

were obtained with LI-602 

dissector. This device was 

designed and produced in the 

BINP by Dr. E. Zinin.
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Operation of the dissector with a multi-bunched beam

Oscilloscope image, 16 bunches are seen 

(a), each two overlap (b) and each two 

overlap except side ones (c). 

So, each recorded profile is a sum of 

profiles of several bunches in a case of a 

multi-bunched beam.

The bunches from different RF buckets are 

overlapped at the plane of the slit of the 

dissector. It is an intrinsic feature of the 

operation principle of the device.
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The very new two reasons to develop this kind of the 

beam diagnostics in the BINP

1.) The e+/e- collider on the energy 211 MeV – the stand for developing of 

technologies which BINP must have if going to build the super c-factory.

The scientific goal of the installation is a search of +- atoms.

The project is approved by Ministry of Science and Education of RF
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The very new two reasons to develop this kind of the 

beam diagnostics in the BINP

BINP

2.) The 3rd generation Synchrotron 

Radiation Source.

It is the pre-elected pledge of the President 

Vladimir Putin which he has announced 

during the visit in the BINP.

A monetarization of the pledge is in 

progress.
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The very new two reasons to develop this kind of the 

beam diagnostics in the BINP

Linac, 200 MeV

Booster, 1 GeV, 

1Hz

Main ring, E = 3 GeV, 

Ib = 400 mA, 

C =465 m, 

x = 200 pmrad
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PIF-1D/S20(S1) - the next generation of the dissector

This device was created in cooperation between BINP and Prokhorov Institute of

General Physics (Moscow). The “head” of the streak-tube PIF-1/S20(S1) was

combined with an Electron Multiplier Tube. The streak-tube has a temporal

resolution about 1 ps and a shutter on the exit for separation of the pulses.
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Direct Measurement of the temporal 

Resolution of the Dissector

Ti:sapphire laser

HV and 50-

Hz “saw-

tooth” sweep

Dissector

RF sweep 

75,3 MHz

To amplifier and scope

Photodiode

Plane-parallel glass plate

CW laser

Measurements of the dissector temporal resolution were carried out at the

Ti:sapphire laser generated light pulses at the wavelength of 0,81 microns with a

30-femtosecond duration at the frequency of 75,3 MHz.



The two Laser Pulses separated by a 10-ps Time 

Interval,  which were recorded by the Dissector.

3.5 ps
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Very recently we have achieved the temporal resolution of 1.5 ps. 
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The experiments at the MLS (Berlin)
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The experiments at the MLS (Berlin)

Longitudinal bunch profiles for two beam currents: the green curve corresponds to

0.35 mA, the blue curve corresponds to 0.02 mA and the red one is the

instrumental function.
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The experiments at the MLS (Berlin)

The beam current calibration procedure. The relation between integrated signal of 

the dissector and beam current is presented. The red points represent the values 

of the beam current measured with the MLS integrating current transformer.
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The experiments at the MLS (Berlin)
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The multi-bunched mode of the dissector operation.
How to measure a length of the each bunch in the beam? 

We can select the bunch using the temporal resolution of the EMT. The response 

of the dissector on the single SR pulse is presented in the Figure.

The design of the PIF-1D dissector contains the shutter which can be applied for 

selection of  odd or even bunches.

The proof-of - principle experiment with 75-MHz  laser is in progress.

5 - 6 ns

The signal from the anode of the dissector – the response on 

the femtosecond laser pulse.



 The new dissector is a «raw» device yet. We want to get 
more experience with it at the VEPP-4M collider. 

 The experiments at the MLS were done with sweep 
frequency of 93 MHz. We want to increase this value to 
181 MHz (accelerating frequency of the VEPP-4M) and to 
rise the slow scanning frequency up to 1 kHz.

 The operation of the dissector in multi-bunched mode can 
be tested at the Siberia-2 storage ring (Moscow). This 
accelerator has 75 bunches in the beam and the same RF 
frequency as the VEPP-4M has.
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The nearest plans



o The temporal resolution of PIF-1D dissector is about several ps.

o BINP develops the diagnostics which allows permanently 
measure the longitudinal beam profile of the selected bunch in 
a multi-bunched beam. 
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Conclusion



Thank you for attention!
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Optical Diagnostics of Siberia-2  Storage Ring

Dissector
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Optical Diagnostics of Siberia-2  Storage Ring

1 m

SR beam line and the optical 

diagnostics of a beam at Siberia-2 

storage ring (KCSR, Moscow)

Layout of the optical 

diagnostics at 

Siberia-2 storage 

ring 
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Experimental Results (Siberia-2)

Bunch length vs bunch current measured by “old” dissector 

and streak camera PS-1/S1 

0                   50                  100     t, ps

FWHM = 28 ps
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Experimental Results: Application of the new 

Dissector at Damping Ring

SR

Dissector

Damping Ring, E = 450 MeV, 

C = 28 m, RF = 700 MHz

0     10    20    30    40  t, ps

FWHM = 6 ps



Experimental results (Damping Ring)

1.5 ns
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Streak Camera

Dissector


