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Abstract 
Two BINP colliders VEPP-4M and VEPP-2000 e+e- 

colliders are under operation with the beams feeding from 
VEPP-5 Injection Complex via newly constructed K-500 
beam transfer line. Upgraded injection chain demonstrat-
ed ability to provide designed luminosity both to VEPP-
4M and VEPP-2000 and techniques of reliable operation 
are under development now. The design and operation 
experience of Injection Complex and transfer lines are 
presented. 

INTRODUCTION 
Two electron-positron colliders at Budker Institute of 

Nuclear Physics (Novosibirsk, Russia) are under opera-
tion: VEPP-2000 [1, 2, and 3] and VEPP-4M [4]. Both 
colliders are fed with the electron and positron beams 
from VEPP-5 Injection Complex [5, 6]. The infrastructure 
of BINP accelerator facilities are presented in Fig. 1. 
VEPP-5 Injection Complex and collider facilities are 
connected with the Beam Transportation Channels (K-500 
Channels) [7]. 

 
Figure 1: BINP Accelerator Facility layout. 

INJECTION COMPLEX VEPP-5 
VEPP-5 Injection Complex consists of electron gun, 

270 MeV driving electron Linac, 510 MeV positron Linac 
and dumping ring. Damping ring stores and cools down 
both electron and positron beams for the next extraction 

to K-500 beam transfer line (see Fig. 2). 
Repetition rate is decided to be kept under 12.5 Hz due 

to VEPP-5 operation experience: some subsystems, like 
injection/extraction system, require more powerful  
cooling and some radiation aspects should be reconsid-
ered before planned repetition rate increasing. 

Nevertheless, 1.2·1011 of the particles corresponds to 
200 mA circulating beam in the Damping Ring – it ex-
ceeds VEPP-5 project parameters more than twice [6, 8]. 

 

 
Figure 2: VEPP-5 Injection Complex layout. 

Table 1: VEPP-5 Beam Production 
Parameter Value 
Energy (2016/17 runs) 385 – 420 MeV 
Electrons storage rate  2·1010/s 
Positrons storage rate 2·109/s 
Repetition rate up to 12.5 Hz 
Maximum e- extraction: up to 1.2·1011 
Maximum e+ extraction: up to 1.2·1011  

K-500 BEAM TRANSFER LINE 
The K-500 beam transfer line was turned into operation 

at BINP in the end of 2015 [7, 8]. This beamline to VEPP-
2000 facility was designed to the energy of 510 MeV, it 
has the length of approximately 250 meters to VEPP-2000 
side and 120 meters to VEPP-4M side. K-500 and con-
sists of five sections: descent from Damping Ring to K-
500 tunnel, regular FODO structure in the tunnel both to 
VEPP-2000 and VEPP-4M, and two lifting to the both 
collider facilities. The fragment of the transfer line are 
shown in Fig. 3. 
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Figure 3: VEPP-5 – VEPP-2000 beam transfer line (right 
down corner – view of the beam at the phosphor screen at 
the end of transfer line). 

 

DAMPING RING INJECTION AND  
EXTRACTION 

The cycle of injection/extraction in/from Damping Ring 
consists from several cycles of beam injection and one 
extraction action. Extraction channels are presented in 
Fig. 4. They consist from extraction “bridges” and 900 
turns:  DC powered solid yoke dipole and quadrupole 
magnets (green and grey correspondingly in Fig. 6), and 
descending beam line with VEPP-2000/VEPP-4M  
separation: DC powered dipoles and pulsed quads. Such a 
mixture of techniques appeared during long (the project 
started in 1993) and staged construction and commission-
ing of the VEPP-5 IC. 

EXTRACTION AND TRANSFER MODES 
VEPP-5 IC has four modes of operation: electrons and 

positrons to two directions. 

 
Figure 4: Extraction lines from Damping Ring. 

Thus, one need to configure 12 different switch pro-
cesses (see Fig. 6). In the simplest cases, only type of 
particles is changing. For the other cases one need to 
magnetize ex-traction magnet system using the opposite 
type of particles first. Nevertheless, the last rule has the 
exception: for the transfer of the particles to VEPP-4M 
direction mag-nets 6M1-4 has to be turned off (see Fig. 
5a). So it is very important the state before zero current 
setup. In our case, positron mode to VEPP-2000 was 
chosen for both transitions from VEPP-2000 to VEPP-4M 
directions for stable operation. 

Each single changing of the magnets fields lasts 30 
seconds due to parameters of DC power converters and 
the inductance of their loads. Therefore, the maximum 
time of mode change is 60 seconds. 

 

 
a) operation with VEPP-4M facility. 

 
b) operation with VEPP-2000 facility. 

 Figures 5 a) and 5 b): IC VEPP-5 Operation Modes. 

 
All mode switching as a mode saving and restoring are 

provided with the special designed infrastructure [9] 
based on CX modular accelerators modular control  
system [10]. 
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Figure 6: IC VEPP-5 extraction matrix of modes. 

TWO COLLIDERS OPERATION 
Common cycle based on the current operation experi-

ence starts from the positrons to VEPP-4M mode. Ten 
minutes are enough to fill the facility booster with 60-90 
mA of circulating currents (see the Table 2 for BINP ac-
celerator rings parameters comparison). Than VEPP-4M 
performs own cycle of boosting and injection to the  
collider. For this time, IC VEPP-5 is switched to VEPP-
2000 direction and provides the required particles for 
another collider. Own VEPP-4M cycle lasts about 15 
minutes, then, IC VEPP-5 is turned back to VEPP-4M 
direction but in the electron mode. Than the common 
cycle repeats. Typical IC VEPP-5 switching modes are 
presented in Fig. 7. 

 

 
Figure 7: Status page of IC VEPP-5 [11]. 

 
Table 2: Comparison of the Number of Particles and 
Beam Currents for Different BINP Accelerator Rings 

 VEPP-
5 DR 

BEP VEPP-
2000 

VEPP-
3 

VEPP-
4M 

N/P,m 27.40 22.35 24.18 74.39 366.1 
1•109 1.75 2.15 1.99 0.65 0.13 
5•109 8.76 10.74 9.93 3.23 0.66 
1•1010 17.52 21.48 19.85 6.45 1.31 
5•1010 87.59 107.38 99.26 32.26 6.56 
1•1011 175.18 214.77 198.51 64.52 13.11 

CONCLUSION 
At the present, Injection Complex VEPP-5 are routinely 

provide both types of particles to both BINP Colliders 
with the efficiency up to 80%  VEPP-2000 and VEPP-4 
colliders are under operation for the experiments  
according to their scientific programs. 

REFERENCES 
  [1] D. Shwartz et al., “Recomissioning and Perspectives of 

VEPP-2000 e+e- Collider”, in Proc. ICHEP’2016, 2016, 
paper 054. 

  [2] P. Shatunov et al., “Status and Perspectives of the  
VEPP-2000”, Phys. Part. Nucl. Lett., vol. 13, no. 7,  
pp. 995-1001, 2016. 

  [3] P. Shatunov et al., "High Luminosity at VEPP-2000 
 Collider with New Injector", presented at IPAC'2017,  
Copenhagen, Denmark, May 2017, paper WEPIK029, this 
conference. 

  [4] P. Piminov et al., “Status of the Electron-Positron Collider 
VEPP-4”, presented at IPAC'2017 Copenhagen, Denmark, 
May 2017, paper WEPIK028, this conference. 

  [5] A. Starostenko et al., "Status of Injection Complex VEPP-
5: Machine Commissioning and First Experience of Posi-
tron Storage", in Proc. IPAC'2014, Dresden, Germany, p. 
538. 

  [6] F.A. Emanov et al., “Feeding BINP Colliders with the New 
VEPP-5 Injection Complex”, in Proc. RuPAC'16, St. Pe-
tersburg, Russia, Nov. 2016, paper WEXMH01, pp. 56-60. 

  [7] I.M. Zemlyansky et al., “Commissioning of e⁺/e⁻ Transfer 
Line from BINP Injection Complex to VEPP-2000 Facili-
ty”, in Proc. RuPAC'16, St. Petersburg, Russia, Nov. 2016, 
paper TUPSA001, pp. 213-215. 

  [8] D.E. Berkaev et al., “Comissioning of Upgraded VEPP-
2000 Injection Chain”, in Proc. IPAC'16, Busan, Korea, 
May 2016, paper THPOR018, pp. 3811-3813. 

  [9] F.A. Emanov, D.E. Berkaev, D. Bolkhovityanov, and P.B. 
Cheblakov, “Present Status of VEPP-5 Injection Complex 
Control System”, in Proc RuPAC'16, St. Petersburg, Rus-
sia, Nov. 2016, paper THPSC085, pp. 730-732. 

[10] D. Bolkhovityanov, P.B. Cheblakov, and F.A. Emanov, 
“CXv4, a Modular Control System”, in Proc. 
ICALEPCS'15, Melbourne, Australia, October 2015, paper 
WEPGF093, pp. 915-918. 

[11] IC VEPP-5 Status page,  
http:// infra.inp.nsk.su/vepp5/. 

WEPIK026 Proceedings of IPAC2017, Copenhagen, Denmark

ISBN 978-3-95450-182-3
2984Co

py
rig

ht
©

20
17

CC
-B

Y-
3.

0
an

d
by

th
er

es
pe

ct
iv

ea
ut

ho
rs

01 Circular and Linear Colliders
T12 Beam Injection/Extraction and Transport


