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VEPP-4 facility 

«  High energy physics at VEPP-4M with detector KEDR 
«  Synchrotron radiation at VEPP-3 & VEPP-4M 
«  Nuclear physics at VEPP-3 with Deuteron facility 
«  Test beam facility at VEPP-4M 
«  Accelerator physics activity 

Energy 2.3 3.5 4.75 GeV 

Betatron tunes 8.54/7.57  

Nat. chroms –14/–20  

Comp. factor 0.0168  

Hor. emit. 42 100 180 nm·rad 

Energy spread 3.7 6.5 7.5 ·10–4 

Bunch length 4 cm 

Beam 2x2 2x2 1x1→2x2  

Bunch current 6 9→12 9→12 mA 

Luminosity 0.5 1.2→2.0 0.5→1.4 ·1031 cm–2 s–1 

 



HEP Experiments 

From 2000 to 2018 HEP experiments at the VEPP-4M electron positron collider with the 
KEDR detector were carried out in the lower energy range from 0.9 to 1.9 GeV.  

«  Universal magnetic detector KEDR 
«  Electron-positron tagging system 
«  Wide energy range 0.9÷6 GeV 
«  Energy spread control 
«  Precision beam energy calibration by 

resonance depolarization 
«  First collider with beam energy monitoring by 

Compton backscattering  
 
ü J/ψ, ψ’ , ψ”, ψ(3770) meson masses 

ü τ lepton mass  
ü D0 mesons masses  
ü D± mesons masses  
ü Search for narrow resonances 1.85÷3.1 GeV  
ü R-scan 1.85÷3.1 GeV  
ü Ruds- and R- scan 3.12÷3.72 GeV 



Hadron cross section scan from 2.3 to 3.5 GeV 

The R values are critical in various precision tests of the Standard Model. The energy region 4.6÷7 GeV, 
where KEDR data has been collected, gives small contribution to the anomalous magnetic moment of the 
muon, it is of about 1%. 
Аt the same time this energy range provides 10% into the hadronic contribution to the running the 
electromagnetic coupling constant                   and the corresponding contribution of the uncertainty  is about 15%. 
In addition, when considering the energy region above 5.2 GeV and up to upsilon resonances, theoretical 
calculations based on pQCD are usually used. New measurements of KEDR will allow the use of experimental 
data up to 7 GeV. 

α MZ
2( )

Results  of the experiments of R measurement in the energy range 2E=3.8-7.2 GeV with 13.7 pb-1 
luminosity integral. KEDR R scan is shown by black points and fixed on pQCD (perturbative quantum 
chromodynamics) values. Errors correspond to expected statistical accuracy. Expected statistical 
accuracy ~ 2.5% will be best in the world. 

preliminary result 

 13.7 pb-1 in 17 points (2E = 4.56÷6.96 GeV) 



Hadron cross section scan from 2.3 to 3.5 GeV 
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Electrostatics 

0÷30 kV ± 0.02% 
15 mA 0.5 kW 



Gamma-gamma physics  
In 2021 the luminosity run for gamma-gamma physics [2] was started. The main goal is the measurement of the 
cross section of gamma-gamma to hadrons.  
The specific feature of the KEDR is the particle tagging system (TS). It allows registration of the scattered 
electron positron pair after two photons interaction. The first two quadrupoles and two special bending 
magnets of the collider form the focusing magnetic spectrometer. The scattered electrons or positrons with 
the energy loss from 0.02 to 0.6 of the beam energy are registered by one of the four modules of the TS. The 
module consists of six double layers of the drift tubes and the two-coordinate GEM detector in front of them. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
The required luminosity integral for gamma-gamma is 200 pb–1. The beam energy for this luminosity run is 
3.5  GeV. We hope to achieve the maximum luminosity of VEPP-4M at this energy (~ 2·1031 cm–2·s–1). The 
luminosity acquisition scheme includes one background run with uncolliding beams for every seven signal runs. 
The beam energy measurement and the beam energy stability are not required.  
Now the maximum peak luminosity is 1.2·1031 cm–2·s–1, the integral luminosity is 700 nb–1 per 12 hours and 1.4 pb–1 
per a week. Now luminosity integral is 10 pb–1. 
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Gamma-gamma physics  

For the first stage we plan  to collect  50÷100 pb–1 at the energy range  
3.5÷4.7 GeV. With that we can: 
 
o  Provide  the measurement of the total cross section for the process  

gamma–gamma → hadrons  within the  invariant mass range 1÷4 GeV 
and study  physical characteristics of events (multiplicity, spectra, 
etc). 

 
o  Study exclusive gamma-gamma processes  at low invariant masses 

(≤1 GeV) which are approachless for B-factories due to the trigger 
conditions. 

 
Based on the results of the first stage  we will evaluate the  possibility 
for  the larger luminosity integral and further gamma-gamma 
investigations. In particular, the study of charmed resonances eta_c, 
chi_0,2, eta_ c(2S), etc.  



             ϒ(1S) meson scan 
June 2021 
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Υ(1S) IG (JPC ) = 0−(1−−)

Υ(1S) MASSΥ(1S) MASSΥ(1S) MASSΥ(1S) MASS

VALUE (MeV) DOCUMENT ID TECN COMMENT

9460.30±0.26 OUR AVERAGE9460.30±0.26 OUR AVERAGE9460.30±0.26 OUR AVERAGE9460.30±0.26 OUR AVERAGE Error includes scale factor of 3.3.

9460.51±0.09±0.05 1 ARTAMONOV 00 MD1 e+ e− → hadrons

9459.97±0.11±0.07 MACKAY 84 REDE e+ e− → hadrons

• • • We do not use the following data for averages, fits, limits, etc. • • •

9460.60±0.09±0.05 2,3 BARU 92B REDE e+ e− → hadrons

9460.59±0.12 BARU 86 REDE e+ e− → hadrons

9460.6 ±0.4 3,4 ARTAMONOV 84 REDE e+ e− → hadrons

1Reanalysis of BARU 92B and ARTAMONOV 84 using new electron mass (COHEN 87).
2 Superseding BARU 86.
3 Superseded by ARTAMONOV 00.
4Value includes data of ARTAMONOV 82.

Υ(1S) WIDTHΥ(1S) WIDTHΥ(1S) WIDTHΥ(1S) WIDTH

VALUE (keV) DOCUMENT ID

54.02±1.25 OUR EVALUATION54.02±1.25 OUR EVALUATION54.02±1.25 OUR EVALUATION54.02±1.25 OUR EVALUATION See the Note on “Width Determinations of the Υ
States”

Υ(1S) DECAY MODESΥ(1S) DECAY MODESΥ(1S) DECAY MODESΥ(1S) DECAY MODES

Scale factor/
Mode Fraction (Γi /Γ) Confidence level

Γ1 τ+ τ− ( 2.60 ±0.10 ) %

Γ2 e+ e− ( 2.38 ±0.11 ) %

Γ3 µ+µ− ( 2.48 ±0.05 ) %

Hadronic decaysHadronic decaysHadronic decaysHadronic decays
Γ4 g g g (81.7 ±0.7 ) %

Γ5 γ g g ( 2.2 ±0.6 ) %

Γ6 η′(958) anything ( 2.94 ±0.24 ) %

Γ7 J/ψ(1S) anything ( 5.4 ±0.4 )× 10−4 S=1.4

Γ8 J/ψ(1S)ηc < 2.2 × 10−6 CL=90%

Γ9 J/ψ(1S)χc0 < 3.4 × 10−6 CL=90%

Γ10 J/ψ(1S)χc1 ( 3.9 ±1.2 )× 10−6

Γ11 J/ψ(1S)χc2 < 1.4 × 10−6 CL=90%

Γ12 J/ψ(1S)ηc (2S) < 2.2 × 10−6 CL=90%

Γ13 J/ψ(1S)X (3940) < 5.4 × 10−6 CL=90%

Γ14 J/ψ(1S)X (4160) < 5.4 × 10−6 CL=90%

Γ15 X (4350) anything, X →

J/ψ(1S)φ
< 8.1 × 10−6 CL=90%

HTTP://PDG.LBL.GOV Page 1 Created: 6/1/2020 08:31

pdg.lbl.gov 
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increased vertical signal chromatism. Damping of the
coherent oscillation mode, which is governed by the
interaction with induced fields [18] (see Subsection 2.3),
is evident. The damping factor grows as the energy
increases (or the beam current decreases). One should
set the optimum chromatism in measurements by
finding the balance between the signal modulation
depth (Eq. (2)) and the inevitable enhancement of the
damping factor for the coherent oscillation mode.

The process of damping of coherent oscillations
governed by collective effects follows a similar pattern.

As an example, Fig. 8 shows the results of measure-
ments with Eb = 3 GeV and beam current Ib = 0.3 mA.

The damping factor at a chromatism increased by
20% should be significantly lower in these conditions,
but the signal decays faster than expected (Fig. 8).
With the initial oscillation amplitude reduced, the sig-
nal decays slower (Fig. 9).

In addition to this dependence of the signal decay
time on the oscillation amplitude, the figure reveals a
characteristic Gaussian decay shape that is typical of
the influence of nonlinear fields.

Fig. 5. Current dependence of the beam size. E = 1.2 GeV.
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Fig. 6. Current dependence of the beam size. E = 1.9 GeV.
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2.4. Measurement of the Energy Spread 
Based on the Parameters of the Envelope 

of Vertical Betatron Oscillations

The vertical betatron frequency chromatism needs
to be measured to determine the beam energy spread
based on the envelope of coherent vertical betatron
oscillations. The beam revolution rate was altered by
∆f0 for this purpose. The beam energy (which is related
to the revolution rate in the following way [13]:

(3)∆ ∆= α0

0
,p

f p
f p

where f0 is the beam revolution rate and p is the beam
momentum) changed accordingly. Thus, one may
determine the chromatism by measuring the betatron
oscillation frequency as a function of ∆f0:

(4)

where ∆νy is the frequency shift of vertical oscillations
corresponding to a revolution-rate shift of ∆f0. The
chromatism was adjusted in the process of measure-
ments to obtain the optimum signal.

Figure 7 shows the example trajectory of the beam
centroid (recorded by a pickup electrode) at an

∂ ∆ν α=
∂ ∆

0

0
,y y p f

E E f
v

Fig. 3. Longitudinal beam profile. E = 2.8 GeV, I = 0.3 mA.
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energy spread. The results of measurements of the
energy spread at 2.8 and 3 GeV were also compared
(Table 1).

The results obtained using two different methods
agree closely.

4. CONCLUSIONS
The influence of intrabeam scattering on the beam

energy spread was studied at VEPP-4M in the 1.0–

1.5 GeV range. The energy spread was measured in the
1.00–4.75 GeV range. The results of measurements of
the energy spread performed using two different meth-
ods (based on the beam length and based on the enve-
lope of vertical betatron oscillations) were compared
at 1.9 GeV.

The measurement data agree well. When compar-
ing the above two methods, one should note that the
influence of collective effects needs to be monitored in
measurements with a streak camera, although the

Fig. 15. Energy spread determined based on the measurements of the longitudinal beam size.
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Fig. 16. Comparison of two methods of measurement of the beam energy spread. E = 1900 MeV, I = 0.3 mA.
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Abstract—The energy spread of the VEPP-4M electron–positron collider at the Budker Institute of Nuclear
Physics was measured in the 1100–4750 MeV range (i.e., in the entire operating energy range of the collider)
in two ways: based on the beam length and based on the envelope of betatron oscillations. The influence of
the Touschek effect on this parameter was studied in the 1–1.5 GeV range. The results obtained using the two
different methods agree well.

DOI: 10.1134/S1547477120030036

1. INTRODUCTION

The VEPP-4M electron–positron collider [1],
together with the KEDR detector [2], operate at beam
energies of E = 1–4.75 GeV. This is a unique feature of
the complex.

VEPP-4M and KEDR were used in a number of
experiments on the precision measurement of masses
of J/ψ, ψ', ψ" mesons [4, 5] and the c-τ lepton [6, 7] at
Е = 1.5–1.9 GeV, measurement of the e+/e– → had-
rons cross section at E = 1.84–3.72 GeV [8, 9], etc.
Data on the cross section at W = 4.6–7 GeV are now
being accumulated and processed. In the immediate
future, experiments at a beam energy of ~4.75 GeV will
be carried out to determine the Υ(1S) meson mass
more accurately.

In planning an experiment, one needs to know
both the accelerator energy, which is determined accu-
rately using the methods of Compton backscattering
and resonance depolarization [10], and the beam
energy spread. For example, when scanning in energy,
the step chosen within the studied interval should cor-
respond to the energy spread. Data on the energy
spread take on even more importance in experiments
on precision measurement of masses of narrow reso-
nances. It bears reminding that the current relative
accuracy of measurement of the Υ meson mass is
2.75⋅10–5 [11]. The statistics accumulation time at
given collider luminosity L and mass measurement
accuracy  is proportional to the energy spread cubed.
This may be understood from the following simple
considerations. Measured “effective” cross section

 of production of a narrow resonance with its

intrinsic width being much smaller than the collider
energy spread is given by

where Γ is the resonance width, σ0 is the particle pro-
duction cross section, and σw is the beam energy
spread. With number Nev of detected events given,

mass measurement accuracy 

Therefore, . The statistics accumulation

time is proportional to luminosity L.
The energy spread of VEPP-4M was measured

fairly regularly using different methods [10, 12]
(including the method of scanning of narrow reso-
nances [13]), but mostly in the 1500–1900 MeV energy
range. The method of Compton backscattering [10] is
the most rapid, but it is efficient only at collider ener-
gies ranging from 1300 to 2500 MeV. The beam energy
spread (hereinafter, the term “relative energy spread”
is shortened to “energy spread”) outside this interval
was assumed to be proportional to energy. That said,
the magnetic structure of the accelerator is specific in
that Robinson wigglers are used to redistribute damp-
ing coefficients. At collider energies E ≥ 4 GeV, the
field in wigglers reaches its maximum intensity and the
growth of the energy spread with beam energy is
slowed down. In addition, the effect of intrabeam
scattering is noticeable at Е < 1200 MeV, and the
energy dependence of the energy spread also becomes
nonlinear in this region. In view of this, the energyσeff

Γσ ∝ σ
σeff 0,
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Beam energy spread measurement 



Beam energy measurement at high energy 
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1 Principle of laser polarimeter
Suggested by Bayer and Khoze 1969 (BINP)

h�Y i = !0~
2mec2

PL�V ⇡ 0.1mm (1)

~!0 = 2.35 eV (527 nm) is the laser photon energy, me is the electron mass, P is the vertical
polarization of electron beam, �V = Vleft � Vright ⇡ 2 is the difference in Stokes parameter of
cirular (left/right) laser beam polarization. L is the flight length of �-quanta

Spin precession and Resonance depolarization:

⌦ = !rev

✓
1 +

E

mec2
µ0

µ0

◆
= !0n± !d (2)

2 Laser polarimeter at VEPP-4M
• Nd:YLF laser

– wave length 527 nm,
– power 2 W,
– pulse duration 5 ns,

1



L = 33 m

electron-
photon
interaction
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KEDR
detector

bending
magnet

quadrupole
magnet

Laser polarimeter 

Nd:YLF laser 
• 527 nm wave length 
• 2 W power 
• 5 ns pulse duration 
• 4 kHz pulse rate  

λ/4 phase plate  
prepares circular polarization  

Main Pockels cell switch 
polarization from left to right 
•  4 kHz switch rate 
•  random series of switching 
•  supress possible electron and 

laser beam orbit instabilities 

Correction Pockels cell 
compensates polarization 
degradation after reflecting 
on the air and vacuum mirror  

Expander and Movable mirror 
is focusing laser beam on the 
electron beam near close lenses 
where lower angular spread 

Two coordinate GEM detector  
•  Ar-CO2 mixture, 3.4 kV HV 
•  Sensitive area 128×40 mm2 
•  Central area 64×20 mm2 with 2x1 mm2 pads  
•  Peripheral area with 4x2 mm2 pads 
•  10 front-end plates of electronics 
•  up to 4 kHz event rate  

Lead converter 

Triple Gas Electrom 
Multipliers (GEM)  

Readout pad structure  

Detector view 
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Beam energy measurement @ 4.1 GeV 

ü  30 kHz event rate at 10 mA beam 
current with copper mirror  

ü  Commissioning of the new detector  
ü  Phase correction of laser beam by 

additional Pockels cell to compensate 
polarization degradation on mirrors 

ü  New algorithm of the effect 
determination based on 2D fit 

ü  Energy measurement at 4.1 GeV  
 
ü  New water cooling vacuum copper mirror 
ü  Noise suppression in detector 

electronics 
ü  Polarization search and energy 

calibration at 4.7 GeV – Υ(1S) 



Synchrotron radiation 
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VEPP-4, 1.8 GeV
bending magnet 0.38 T

VEPP-3, 2 GeV
shifter 2 T

VEPP-4, 4 GeV
wiggler 1.3 T, 7 poles

VEPP-4, 4.5 GeV
wiggler 1.9 T, 9 poles

 ВЭПП-3 ВЭПП-4М 

1 LIGA-technology and X-ray lithography. Metrology experiments. 

2 Fast dynamic process. Phase contrast microscopy, micro-tomography and hard X-ray fluorescence. 

3 Precise diffraction and anomalous scattering. Nanosecond spectroscopy of fast processes. 

4 X-ray fluorescence analysis. Material study under extremal conditions 

5 High pressure diffraction. Material study for thermonuclear applications 

6 X-ray microscopy and micro-tomography.  

7 Time resolved diffraction.  

8 Time resolved luminescence.  

9 Precise diffraction.   
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Abstract—The results of synchrotron-radiation experiments, carried out at the VEPP-4M electron-positron
collider in a wide energy range from 10 eV to 200 keV, are presented. To increase the radiation intensity, the
electron-beam energy in the VEPP-4M accelerator ring is raised from 4 to 4.5 GeV. To carry out experiments
in the high-energy range of synchrotron radiation, a new multipole hybrid wiggler, producing a field of 1.9 T,
is installed at the accelerator ring. A method for calibrating the energy of electrons in the accelerator using a
laser polarimeter is discussed.

Keywords: synchrotron radiation, synchrotron-radiation sources, charged-particle beams, metrology
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INTRODUCTION
The VEPP-4 multifunctional accelerator complex

[1] is intended for conducting experiments in the field
of high-energy physics at the VEPP-4M electron-pos-
itron collider with a KEDR detector [2], using syn-
chrotron radiation [3], and in the field of nuclear
physics on the VEPP-3 storage ring with the DEU-
TON facility [4], as well as for developing technologies
of the manufacturing of particle detectors at the
EJECTED BEAM facility [5].

The VEPP-4 complex is a part of a unique research
facility named the Complex of VEPP-4–VEPP-2000
Electron-Positron Colliders (Fig. 1), which includes
an injection complex, the K-500 long transport chan-
nel, the VEPP-2000 electron-positron collider, and
the VEPP-4 complex. The injection complex is
intended for the production of high-intensity beams of
electrons and positrons [6] and their delivery to the
VEPP-2000 collider and VEPP-4 complex. The injec-
tion complex (Fig. 1a) comprises an electron gun, a
linear electron accelerator, a conversion system, a lin-
ear positron accelerator, and a cooling storage ring.
The rate of electron and positron extraction from the
injection complex is 1 Hz. The VEPP-4 (Fig. 1b) con-
sists of the VEPP-3 multifunctional storage ring of
electrons and positrons, a pulse channel of transport
from VEPP-3 to VEPP-4, and the VEPP-4M elec-
tron-positron collider.

Synchrotron-radiation (SR) experiments at the
VEPP-3 are carried out in two modes: the low-energy
mode (electron-beam energy of 1.2 GeV for X-ray
lithography experiments) and the main mode (elec-

tron-beam energy of 2 GeV). Now at the VEPP-3,
seven channels of SR ejection (from a bending magnet
and three-pole wiggler) are used, on which nine sta-
tions are mounted. One channel is intended for stabi-
lization of electron-orbit positions in the accelerator.

For studies at the VEPP-4M using SR, two operat-
ing modes of the collider are also available. The first
mode (1.9-GeV energy of electrons in the accelerator)
allows experiments to be conducted in the soft X-ray
range from 100 eV to 10 keV. The second mode (elec-
tron energy of 4.5 GeV) provides the possibility of
operating with SR in the hard X-ray range from 30 to
200 keV. Now at the VEPP-4M, two radiation-
extraction channels are under operation, two more
channels are being prepared for commissioning. Fig-
ure 2 presents the spectra of radiation from the bend-
ing magnets and wigglers for the VEPP-3 and VEPP-4M
storage rings.

EXPERIMENTS WITH SYNCHROTRON 
RADIATION IN THE SOFT X-RAY RANGE
All studies with soft X-ray and vacuum-ultraviolet

radiation are conducted at the KOSMOS metrological
station which uses the emission from the bending
magnet of the VEPP-4M storage ring. The experi-
ments are performed with the VEPP-4M injection
energy (1.9 GeV).

On the station, an upgraded monochromator was
mounted, the employment of which allowed not only
multilayer mirrors but also crystals and diffraction
gratings to be installed as spectral elements. The multi-
layer X-ray mirrors cover a spectral range of 80–3000 eV
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Abstract—At the Institute of Nuclear Physics, a nine-pole hybrid wiggler is developed and successfully
installed on the VEPP-4 accelerator complex. The nine poles of the wiggler are electromagnets with iron
cores. To achieve the largest field, permanent magnets with a residual induction of 1.2 T are installed between
the wiggler poles. Such a combination of electromagnets and permanent magnets made it possible to achieve
a maximum magnetic induction of 1.9 T, with an interpolar gap of 30 mm. Currently, at the Siberian Center
of Synchrotron and Terahertz Radiation, several research methods using the “hard” X-ray range (50–
250 keV) based on radiation from a nine-pole wiggler are being certified. For example, using this radiation,
the X-ray imaging of fast processes, X-ray computed tomography, X-ray f luorescence analysis, and X-ray dif-
fraction studies are carried out. A brief review of these studies is presented.
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INTRODUCTION
In 2017, a nine-pole wiggler was installed and put

into operation at the VEPP-4M storage ring [1, 2].
The new hybrid nine-pole wiggler with a magnetic
induction of 1.9 T was designed and created to replace
the old seven-pole wiggler with an induction of 1.2 T.
Table 1 shows the characteristics of the old and new
wigglers. The new wiggler generates a harder radiation
spectrum, which significantly increases the photon
flux in the energy range from 50 to 250 keV. Figure 1
shows the calculation results for a beam energy of 4.5
GeV at a current of 20 mA. This wiggler allows you to
significantly expand scientific research in this energy
range. Synchrotron radiation (SR) generated by the
new wiggler is widely used in a variety of experiments,
for example, in the study of fast processes, in experi-
ments on microbeam radiation therapy and X-ray f lu-
orescence analysis, and in X-ray studies [3, 4].

WIGGLER DESIGN
The wiggler poles are made from a solid piece of

10-grade electrical steel, machined on a numerically
controlled work bench. The wiggler contains seven
main poles and two poles with correction coils (field
structure: 1/2; –1; 1; –1, 1, –1, 1; –1, 1/2). The gen-
eral view of a wiggler is shown in Fig. 2. The main-pole

coil consists of 16 turns arranged in two layers. The
copper conductor has a rectangular cross section of
13.5 × 13.5 mm with an inner hole 7.5 mm in diameter.
The conductor is wound directly around the pole.
Eight turns of the main conductor and eight turns of
the correction measuring 10 × 10 mm with an inner
diameter of 5 mm are wound on the lateral poles
(Fig. 3). The permanent magnets are made from an
alloy of niobium, iron and boron (NbFeB) and have a
residual magnetic induction of 1.2 T. The NbFeB
magnets were chosen because they have higher resid-
ual magnetic induction than samarium-cobalt
(SmCo) or ceramic permanent magnets, and also have
good strength characteristics. These magnets are
installed between the poles as shown in Fig. 4 [5].

Table 1. Parameters of the old and new wigglers for VEPP-4M
Parameter Old New

Bmax, T 1.2 1.905
Period, cm 40 30
Main poles 5 7
Number of poles 7 9
Pole gap, cm 4 3

Separatrix	number		1	 222	

Bu
nc
h	
cu
rr
en

t,	
m
A	

0.0	

0.5	

1.0	

1.5	 25 mA in 21 bunch (45 ns) @ VEPP-4M 

VEPP-3,	74	m	 VEPP-4M,	366	m	

1.2	GeV	 2	GeV	 1.9	GeV	 2.5	GeV	 4.5	GeV	

100	nm·rad	 290	nm·rad	 28	nm·rad	 50	nm·rad	 160	nm·rad	

200	mA	@	1÷2	bunches	 25	mA	@	1÷25	bunches	



Experiments using the hard X-ray range 
Investigation of the effect  
impulse heating on materials 
leading to deformation mechanical 
stress and mechanical destruction 
of materials. 

High-speed temporal radiography of 
detonation processes 

Cracks on tungsten after 
pulsed plasma loading. 

Converging 
shock wave in 
PMMA 

Dynamics of X-ray diffraction 
during pulsed heating of the 
tungsten structure. 

X-ray structural study of 
the phase transition and 
features of the formation 
of the microstructure 
during solidification metal 
alloys. 



Test beam facility 

electron gamma

Energy 0.1÷3 0.05÷1.5 GeV

sDE/E 0.5÷1.5 ~0.5 %

Intensity 10÷100 ~1000 Hz



Beta functions measurement 

WED04   Oral talk  „Precise analysis of beam optics in VEPP-4M by turn-by-
turn betatron phase advance measurement“ by Ivan Morozov (BINP 
SB RAN), 13:40 September 29, 2021, Wednesday	

WEPSC40 Poster “Detection of Anomaly BPM Signals at VEPP-4M” by Ivan 
Morozov (BINP SB RAN), Poster session C at Wednesday 
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A system for excitation of coherent oscillations of a bunch of particles was created to study the beam dynamics
at the VEPP-4M electron-positron collider; it consisted of a pulse generator, a beam deflection device
(kicker), and a control and synchronization system. The system has two independent channels for the exci-
tation of horizontal and vertical oscillations and makes it possible to excite oscillations of a given bunch of
particles. For observations of beam oscillations, a system for measuring the position of the beam in the reverse
mode is used, as well as a fast multichannel photomultiplier tube (profilometer). The design and results of
operation of high-voltage nanosecond shock generators with a current pulse duration of 200–250 ns at the
base, a voltage up to 25 kV and a current up to 2 kA are described. Using constructive solutions, the durations
of the fronts of the output pulses were reduced, which made it possible to avoid the excitation of neighboring
bunches. Testing the generators for their working loads gave the following results: a horizontal impact pulse
of 30 ns and a vertical impact of 50 ns, a horizontal impact pulse tip duration of ~20 ns, a maximum pulse
amplitude of 25 kV, and a time instability (jitter) of ±1 ns. The results of measurements of the beam parame-
ters obtained using this system are presented.
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INTRODUCTION
The VEPP-4M collider [1] is part of a unique sci-

entific installation, that is, the VEPP-4 –VEPP-2000
Electron-positron Collider Complex, which is
intended for conducting experiments on high energy
physics with a KEDR detector [2] (collider mode),
experiments with extracted synchrotron radiation
beams [3] (the mode of a synchrotron radiation
source), experiments with γ-quanta [4] (the mode of
the extracted beam), as well as experiments on accel-
erator physics [5–7].

Figure 1 shows the scheme of the VEPP-4 com-
plex. Electron and positron bunches with an energy of
400 MeV are supplied from the injection complex [8]
(not shown in the diagram) and injected into the
VEPP-3 storage ring, which accelerates particles to the
injection energy in the VEPP-4M (up to 1.9 GeV).

The VEPP-4M collider consists of a straight-line
technical gap, an experimental gap, and two half-
rings. In the technical gap are five high-frequency res-
onators and an electrostatic beam breeding system, as
well as beam injection. In the experimental gap is a
KEDR universal magnetic detector and a system for
recording scattered electrons based on a magnetic

spectrometer. It is possible to output γ-quanta from
the meeting place to a special experimental hall.

The half rings consist of periodic elements based
on FODO cells with combined functions. In the mid-
dle of each semi-ring, four periodicity elements are
replaced by inserts with separate dipole and quadru-
pole magnets, which is equivalent to the replaced
FODO cells that host the electrostatic dilution system.
A multi-pole wiggler magnet for the generation of syn-
chrotron radiation is installed in the insert of one of
the semirings and the output of the SI beams is orga-
nized in a special experimental hall.

The high-frequency system of the collider operates
at a frequency of 180 MHz, which corresponds to the
222nd harmonic frequency of circulation. In the ring
of the collider, the circulation of two electron and two
positron bunches or 16 bunches of particles of one
polarity is possible at the same time.

The main parameters of the VEPP-4M collider: the
perimeter is 366 mm; the energy is 1–5 GeV; the beta-
tron frequencies are 8.54/7.58; the natural chroma-
tism is –14/–20; the emittance is 20 nm rad; the
energy dispersion is 4 ×  10–4; and the bunch length is
6 cm.

NUCLEAR EXPERIMENTAL
TECHNIQUE



Upgrade 
ü  Beam diagnostics upgrade has been completed  
ü  RF system upgrade has been completed 
ü  VEPP-3 & VEPP-4M main power supplies (PS) has no 

been finished 
ü  Electrostatic separation system has being continuing  
ü  Transfer feedback system has being developed  
ü  Upgrade of 25A PS was started  
ü  New ethernet processor for PS has being considered  
ü  EPICS Control system has being developed  

ИП ВЭПП-4М 
+7.5 кА +70 В 525 кВт → 6 ГэВ	

ИП ВЭПП-3 
+15 кА +40 В 525 кВт	



Conclusion 
ü  VEPP-4M + KEDR HEP experiments at high energy were started 

ü  Luminosity data for R-scan (2.3÷3.5 GeV beam energy) has been collected 

ü  Gamma-gamma experiment at 3.5 GeV is continuing (10 of 200 pb–1) 

ü  First luminosity run for Y(1S) meson 4.75 GeV has been finished successfully 

ü  Beam energy spread measurement from 1 to 4.75 GeV has been made 

ü  Laser polarimeter for absolute beam energy calibration with resonance 
depolarization method  has being developed   

ü  Radiate polarization and depolarization of electron beam at 4.1 GeV has been 
obtained  

ü  Synchrotron radiation runs have been performed periodically 
(2 week per 2 month) 

ü  Methods of optics measurement & correction  has being developed  

ü  Beam dynamics experiments are carried out  

ü  Hard & Soft of facility has being upgraded 



Thank you for your attention 


