
Linear electron accelerator LINAC-200 as a 

core for a new test beam facility at DLNP JINR
Status report

Aleksei Trifonov (on behalf of the LINAC-200 team)

Dzhelepov Laboratory of Nuclear Problems

Joint Institute
for Nuclear Research

SCIENCE BRINGS NATIONS 
TOGETHER

Development of Scientific DLNP Infrastructure for Research 

Using Semiconductor Detectors, laser Metrology, Electrons, 

Positrons and Cryogenic Technology 

08-2-1126-2015

Design and development of a test zone for methodological studies of 

detectors at a linear electron accelerator LINAC-200 in the DLNP 

08-2-1126-1-2024/2028

60th meeting of the PAC for Nuclear Physics, January 23, 2025



Accelerator layout
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Relevance
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Relevance
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Main systems of the LINAC-200 accelerator
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• Electron Gun

• Acceleration & RF

• Magnetic system

• New Control system

• Beam Diagnostics

• New Radiation Safety system & Interlock and Alarm 

system



Electron Gun
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Type Thermionic

Max. energy 400 keV

Peak beam current 300 mA

Normalized emittance 8 𝜋 · mm · mrad

Beam diameter 1,5 mm



Acceleration & RF
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Total length, m 55

Number of short (3.7 m) sections 3

Number of long (7.3 m) sections 4

Frequency, MHz 2856

Wave type TW

Field mode 2π/3

Filling time, μs 1.3

vg/c range 0.0093–0.0389

Shunt impedance, MΩ/m 56.5–48

Iris aperture: diameter, mm 32–17

thickness, mm 5.84

Number of klystrons 4

RF power: peak, MW 10

mean, kW 20

Linac-200 modulators hall
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Functional diagram of the RF system
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Magnetic system
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Steerers

(X, Y)

Quadrupoles
Solenoidal Focusing



Quadrupole Focusing and Steering Magnets Control
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Ethernet to RS485 

converter

Modules for communication 

with power supplies

24 KORAD power 

supplies 

• 22 (30 V, 5 A)

• 2   (60 V, 3 A)

Quadrupole Focusing and Steering Magnets control system layout 
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Quadrupole Focusing and Steering Magnets Control
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Quadrupole Focusing and Steering Magnets Control
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Requirements for the New Control System
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Main requirements for the new control system:

● high reliability

● serviceability

● using standard interfaces for communication between components

● possibility of future modifications and extensions

● possibility of using existing developments of the world community

A. Trifonov Linear electron accelerator LINAC-200 as a core for a new test beam facility at DLNP JINR



TANGO-based Control System
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Official website: https://www.tango-controls.org/

A. Trifonov Linear electron accelerator LINAC-200 as a core for a new test beam facility at DLNP JINR

https://www.tango-controls.org/


Control System Concept 
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LINAC-200

ADC

Data transmission channels (1 GbE, RS-485)

TANGO Software Bus
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device 

servers

TANGO 

Database
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Database

backup

Data 

archiving

TANGO 

Clients 

Software

Analog signals Controlling accelerator 

elements Control system servers (Linux)

Graphical user interface
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...

...

Beam 

users 

software

Beam users equipmentA

A
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Example – Master oscillator controls
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Example — Master oscillator controls
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Local Control
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• For local control Weintek MT8071iP interface panels are used.

• In addition to displaying the local control graphical interface, the Weintek MT8071iP

panel acts as a Modbus server.

Control 
object

...
Hardware

Modbus RTU

RS-485

Modbus TCP / 
RTUoverTCP

Ethernet

HMI Panel
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Beam Diagnostics
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Compton radiation monitor
Traveling wave monitor (TWM)

Beam current transformer



Beam Diagnostics
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130 mA @ Electron Gun

TWM signal

75 mA @ EP4

80 mA @ A04

80 mA @ buncher

80 mA @ A01

Signal from Gun electronics
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The software for data acquisition from Rigol DS1000Z and MSO/DS4000
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►Control Module communicates with

the oscilloscope to control various

settings, including turning specific

channels on and off, adjusting

horizontal and vertical scale values,

and capturing screenshots of the

oscilloscope display. The backend for

the control module is implemented

using Django, which handles

communication with the oscilloscope

via Ethernet.

►Visualization Module fetches

waveform data from the oscilloscope

and displays it. The use of sockets

ensures quick data transfer and

updates, enhancing the reliability and

responsiveness of the visualization

module. Flask is used to handle

socket connections for real-time data

fetching, providing a reliable two-way

communication channel between the

oscilloscope and the application.

►Data Archiving Module is

developed using Flask and

Python, with PostgreSQL

and Timescale DB for data

storage. This module

provides functionalities to

save oscilloscope data to the

database and retrieve it

based on specified IP

addresses, start times and

end times.
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The software for data acquisition from Rigol DS1000Z and MSO/DS4000
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Radiation safety system & Interlock and alarm system
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Accelerator Control Room
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Rooms for Beam Users
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Beam characteristics
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Beam

EP1 EP2 EP3 EP4

Electron energy, MeV 5–25 25–60 60–130 130–200

Pulse duration, μs 0,2–3,5

Max. pulse current, mA 80

Pulse repetition rate, Hz 1–50 1–25



Beam characteristics
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• Each pulse consists of a sequence of bunches with a 

duration of 1 ps and an interval between bunches of 350 ps

• Intensity from 102 to 1013 e-/s

• The transverse size of the extracted beam is ~1.5—5 mm

• Max. average current 5 μA

• Possible to produce photon and neutron beams
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Accelerator layout
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Beam Extraction Points
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Beam extraction point №1 (EP1)Beam extraction point №4 (EP4)
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Accelerator layout
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Beam Extraction Points
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Beam extraction point №3 (EP3)

Beam extraction point №2 (EP2)
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Research program

32A. Trifonov Linear electron accelerator LINAC-200 as a core for a new test beam facility at DLNP JINR

Research 

program at the 

LINAC-200

Particle

detectors R&D

Education and 

training

Applied research
Nuclear physics 

experiments

Terahertz radiation 

source and beam 

diagnostics R&D



Particle detectors R&D
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• Study of monolithic active pixel detectors (MAPS) Alpide,

determination of their efficiency, spatial resolution, study of the
mechanism of cluster formation

• Research and optimization of the prototype electromagnetic

calorimeter of the SPD facility and its calibration in the range of 50-
200 MeV

• Response study, determination of efficiency, spatial resolution of
straw detectors for the SPD experiment

• Investigation of pulsed (up to 10,000 particles per 50 ns) loading of

MCP-based detectors depending on the frequency of arrival of
subsequent pulses

• Investigation of characteristics (efficiency, spatial resolution,
maximum load) of bulk Micromegas gas detectors

• Study of the response of neutron pulse detectors, development of

detectors for determining the fluence and energy spectrum of

neutrons for dynamic neutronography and neutron resonance
spectroscopy.
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1 – Volkov A., Evtoukhovich P., Kravchenko M., Kuno Y., Mihara S., Nishiguchi H., Pavlov A., Tsamalaidze Z. Properties of straw tubes for the tracking detector of the COMET experiment // 

Nucl. Instrum. Meth. A. — 2021. — V. 1004. — P. 165242.

Drift straw chamber1



Applied research
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• Investigation of radiation hardness of GaAs and SiC

semiconductors

• Irradiation of living organisms.

• Study of the possibility of irradiation with short pulses

and development of appropriate methods of

microdosimetry.

• Obtaining small quantities of radioisotopes for

radiochemical research using gamma rays with an

energy of 20–200 MeV, which complements the

capabilities of the FLNR microtron

• Electronic radiography of fast processes in gases.

• Creation of a terahertz radiation source for

radiobiological research
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Nuclear physics experiments
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• Measurement of isotope yields and verification of

nuclear models in the 20–200 MeV range

• Measurement of the cross section for the production of

photoneutrons on various targets in the energy range of

gamma rays 20–200 MeV

• Study of multiparticle photonuclear reactions
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Education and training
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The educational program includes the

development of practical training at the LINAC-200

facility in the following areas:

• Accelerator physics and technologies (magnetic

optics, RF technology, vacuum, automation control

systems, beam diagnostics)

• Elementary particle detectors (study of the

response of gas, scintillation and semiconductor

detectors)

• Applied problems (radiation materials science,

generation and registration of synchrotron and

terahertz radiation)
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Terahertz radiation source and beam diagnostics R&D
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• Approbation of the method for measuring the position and shape of the charge density

distribution of relativistic electron beams using a monitor based on the measurement of the

characteristic X-ray radiation spectra.

• Study of the processes of passage of relativistic electrons through micro- and nano-

capillaries, including those with a structure along the axis.

• Study of the diffraction mechanisms of radiation in the vacuum ultraviolet and soft X-ray

regions under conditions of anomalous dispersion for diffracted photons

• Measuring the average length of micro-bunches and the length of the bunch chain using

Vavilov-Cherenkov radiation in the diffraction mode

• Stimulation mode (stimulated emission) during generation of THz radiation

• Approbation of a method for measuring the transverse profile of an electron beam based

on multi-angle scanning

• Measurement of the volumetric shape of the electron beam using multi-angle scanning.
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FLAP Collaboration 
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Memorandum of understanding 

for the FLAP collaboration at JINR



Future prospects
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• Increasing the accelerator energy up to 400 MeV – 2026

• In the future it is possible to increase the energy up to 800 MeV

A. Trifonov Linear electron accelerator LINAC-200 as a core for a new test beam facility at DLNP JINR



Conclusion
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• The preparation of documentation for commissioning and then

operation is nearing completion.

• In order to coordinate the research programs of beam users an

Organizational and Program Committee is being established.

• Two beam extraction points (EP1, EP4) are available;

EP3 – has been assembled and needs to be tested;

EP2 – under development.

• The test beam facility will be open for particle detectors and beam

diagnostics R&D, nuclear physics experiments, material irradiation,

radiobiological and other studies.
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Electron Gun
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TANGO Controls — TANGO Database
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• TANGO Database is used to store the system structure and configuration information for

devices.

• Database interface is implemented as a special TANGO Device. Only MySQL (MariaDB)

is supported.

• Each database has its own access point, which is determined by the

TANGO_HOST = host:port environment variable.

• Several databases can operate simultaneously.

TANGO 

Database

TANGO 

Client

TANGO 

Device

Request to connect 

to a device with the 

specified ID

Registering in the 

database, getting 

properties

Direct 

communication
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Solenoidal Focusing Magnets Power Supply Control
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Historical background – DELSY project
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AmPS - Amsterdam Pulse Stretcher 

NIKHEF, Amsterdam, Netherlands



Ремонт в корпусе №118
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Ремонт в корпусе №118
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Ремонт в корпусе №118
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Terahertz radiation source
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