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Introduction 
 

 The construction of the linear accelerator for heavy ions NICA Project will be finished in September 

2015. Since the construction of the booster ring will be completed only in 2018 it was proposed to use a 

linear accelerator as an injector for the Nuclotron. In order, to inject heavy ions in the existing circular 

accelerator it is necessary to build a transport channel. 

  

  

 

 

  

 
 
 
 
 
 
 
 
 
 
 

 

Nuclotron based Ion Collider (NICA project) 

 
 
Project NICA/MPD (Nuclotron based Ion Collider facility and Multi Purpose Detector) is an accelerator 
facility conceived to implement a world-leading program in particle physics at JINR. A description of the 
physics program envisioned is available on the web.  
 
Project NICA/MPD is a part of the JINR Roadmap for 2009-2016 is described in the JINR 7-years Program. 

It is approved by Scientific Council of JINR and The Committee of Plenipotentiaries of JINR in 2009. That 

is a flagship project of JINR presently. 

The project comprises experimental studies of fundamental character in the fields of the following 
directions of experimental research[1]:  
 
 

Figure 1.1 Injection facility: 1 – LU-20 injection; 2 – NUCLOTRON; 3 – HILAC; 4 – Booster 

ring; 5 – Transport channel. 
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1. Relativistic nuclear physics — search 
for mixed phase, phase transitions and 
critical phenomena in strongly 
interacting baryonic matter;  

2. Spin physics in high and middle 
energy range of interacting particles;  

3. Radiobiology.  

 
 
 
 
 
NICA complex includes the following main elements: 
 

 injection complex; 
 
 
It created for: 
 
- injection into the Booster beams of heavy 
ions with a charge to mass ratio q / A = 1/6 c 
and energy 3.2 MeV / n; 
- injection into the Nuclotron beams of light 
ions with charge to mass ratio q / A = 1/3 and 
polarized deuterons and protons with 
energies of 5 MeV / n.[1] 
 
 
 
 
 
 

 superconducting synchrotron - booster; 
 
 
Main objectives: 
  
Accumulation of 2 × 109 gold 197Au31+ ions and accelerating 
them to an energy  578 MeV / n, which is sufficient for the 
subsequent stripping them to the state 197Au79+.[2] 
 
 
 
 
 
 
 

Figure 2.1 NICA-project 

Figure 2.2 Structure of the injection complex: 1 - Linear 

accelerator LU-20; 2 - heavy ion accelerator HILAC. 

Figure 2.3 Booster ring in Synchrophasotron 

tunnel 
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 existing superconducting synchrotron Nuclotron; 
 
 
 
Nuclotron superconducting proton synchrotron with 
maximum magnetic rigidity 45 T∙m, accelerating 
heavy ions up to energy 1 ÷ 4,5 GeV / n. The project 
NICA in recent years implemented program for the 
modernization of the main systems - the Nuclotron-
M. Currently, Nuclotron provides now conducting 
experiments on beams of accelerated protons and 
nuclei (up to iron nuclei (A = 56) with energies up to 
5.7 GeV / n and 2.2 GeV / n respectively.[2] 

 
 
 
 
 
 
 

 The collider, which consists of two superconducting ring with two points where beams faced; 
 

 
Collider designed for experiments on ion-ion and ion-proton collisions in the range of kinetic energies up 
to 1 ÷ 4,5 GeV / n, as well as polarized proton collisions (5 ÷ 12,6 GeV / n) and deuterons (2 ÷ 5.8 GeV 
/n). The main mode of the collider is collisions particles up to Au at energies in the cms √sNN = 4 ÷ 11 
GeV, where it is expected the formation of nuclear matter at extreme densities and temperatures.[3] 
 
 
 

Figure 2.4 Nuclotron 

Figure 2.5 Collider scheme and the arrangement of equipment in the ring: RF - Station 

accelerating RF voltage, Beam Dump - beam system reset, PU - pick-up electrodes, K - 

correctors stochastic cooling system, ECool - electronic system cooling, MPD, SPD - 

Detectors 
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Figure 3.1 HILAC and its components 

Heavy Ion Linac (HILac) 

 
Take a closer look to the heavy ion injector, for which transport channel will be built.  

 
 
 
HILAC is intended to provide injection into the 
Booster heavy ions (eg, gold 197Au31+) with an 
energy up to 3.2 MeV / n. It can accelerate beams 
of heavy ions with a charge to mass ratio q / A ≥ 
1/6 and peak currents up to 10 mA in a pulse 
duration of 8 ÷ 27 microseconds at repetition 
rate up to 10 Hz.[1] As we can see in Figure 3.1 it 
consists of two IH – DTL and one RFQ sections 
with Krion-6T as an ion source. 
 

 

 

 

 Krion-6T 

 
Construction and assembly of 
Krion-6T were completed in 2013 
and full-scale tests in reflex mode 
of operation had been started at 
a test bench. After reaching of 
5.4 T of the solenoid magnetic 
field in a robust operation (the 
design value is 6 T) the Au30+ ÷ 
Au32+ ion beams have been 
produced at intensity of about 
6×108 particles per pulse. The 
required ionization time is 20 ms. 
Obtained parameters are close to 
required for HILAc operation. 
Thereafter the source was 
optimized for production of ions 
with charge to mass ratio of 
q/A≥1/3 in order to provide 
complex test of all its systems at 
operation on existing injection 

facility. In May 2014 the source was installed at high Voltage (HV) platform of the LU-20 fore-
injector (Figure 3.2) and used during Nuclotron run #50 in June. The main goal for future two years 
is to reach the project parameters of KRION-6T for Au31+ beam.[5] 
 

 

 

Figure 3.2 Krion-6T at high-voltage platform of LU-20 
fore-injector. The Nuclotron Run #50. 
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 RFQ section 

 

The beam formed by LEBT, enters βλ/2 

accelerating structure with spatially uniform 

focusing quadrupole (RFQ). Due to the use RFQ is 

fact that such structure could provide a high 

overall transmission of the beam at low energy 

injection, his group and a further acceleration to 

the required parameters. RFQ electrodes are four-

wire line (4-rod RFQ) in length with varying 

distance from the axis to the electrode surface and 

placed in a resonator working on the standing 

wave type TEM110. General view and a cross section of the section shown in Figure 3.3. Basic 

parameters RFQ shown in Table 

3.1. Resonator RFQ is a 

stainless steel cylinder with 3.1 

m length and 50 mm wall 

thickness copper plating the 

internal surface of the 

electroplated. The resonator 

have 20 installed racks and four 

electrodes with applied 

modulation made of oxygen-

free copper which are attached 

to them. Setting cells produced 

by moving the copper plate 

between the uprights.[1] 

Parameter Unit Value 

Input energy keV/n  17  

Output enegy  keV/n  300  

Operation 
frequency  

МHz  100,625  

Z/A  –  0,16  

Current mА  0 ÷ 10  

Electrodes 
voltage  

kV  70  

Overall 
transmission 

%  98  

Aperture Mm 5,2 ÷ 3,0  

Table 3.1: Fore-Injector RFQ Parameters 

Figure 3.3  RFQ section. General view and a 

cross section. 

Figure 3.4 The 4 – Rod – RFQ 
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Figure 3.6 Drift tubes location in the structure IH2 

 IH – DTL sections.  

 

 

 

   

To further acceleration in the second and third sections 

there is a concept of accelerating structure KONUS 

(KOmbinierte NUll grad Struktur - it.) - Combined with 

the structure of the zero-phase synchronous. It is βλ / 2 

accelerating structure based on the drift tubes, working 

on the standing wave type TEM110. The main feature of KONUS is separation each period net on 

sites with different tasks: 

- main acceleration in the structure of a particle with zero synchronous asynchronous 

injection beam and the excess energy compared to the synchronous particle; 

- transverse focusing quadrupole triplets or rotationally symmetric lenses; 

- longitudinal focus grouped several gaps with synchronous phase up to 35 °. 

Thus, the total defocusing effect of high-frequency field is reduced, allowing the creation of 

a relatively long multigap section with "thin" drift tubes without focusing elements. [1] 

 

Figure 3.5 Drift tubes location in the structure IH1 

Parameter   Unit  Value  

Input 
energy 

MeV/n  0,3  

Output 
enegy 

MeV/n 2,0  

Length Cm  220  

Operation 
frequency 

MHz  100,625  

Ueff(A/Q = 
6,5)  

MeV  10,46  

Q(real)  –  20,000  

Zeff(real)  МОm/m  280  

Pc(real)  kW  178  

Ptot(real), I 
= 10 mА  

kW  282  

# Gaps  –  27  

# Triplets  –  1  

 Table 3.2: Second accelerating section 

(IH1) parameters 

Parameter Unit Value 

Input 
energy 

MeV/n 2,0  

Output 
enegy 

MeV/n 3,2  

Operation 
frequency 

MHz  100,625  

Length Cm  191  

Ueff(A/Q = 
6,5)  

MeV  8,00  

Q(real)  –  25,000  

Zeff(real)  МОm/m  255  

Pc(real)  kW  131  

Ptot(real), I 
= 10мА  

kW  211  

# Gaps  –  18  

# Triplets  –  0  

 Table 3.3: Third accelerating section 

(IH2) parameters 
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Geometry of the transport channel 
 

 

First step in transport channel design was to 

identify the key points on which the channel could 

be built. Significantly complicate the task – fact, 

that HILAC and Nuclotron located in different 

horizontal planes, so before finding the key 

points, it was decided to make the projection of 

LU-20 injection and the linear section NUCLOTON 

directions on the floor surface (Figure 4.1). After a 

selected direction were identified, the following 

values were determined: 

 

 

 

 

- Projection length of the Faraday cup (later, there will be rotary magnet instead of 

them, where beam will come from HILAC); 

- Place for the first rotary magnet – beginning of the transportation channel; 

- Angle between the HILAC and LU-20 line injection projections; 

- Intersection between the perpendicular dropped on the HILAC axis and the 

continuation of the LU-20 injection axis;  

- Height of objects relative to the floor’s plane. 

 

 The second step was the approximate construction of the 

channel geometry in AutoCAD 2012. It is important to note 

that at this stage, considered only the trajectory of the beam 

without longitudinal and transverse dynamics. Figure 4.3 

shows the approximate location of a transport channel and  

position of rotary magnets on them. 

 

 

Parameter Vertical 
rotation angle 

Horizontal 
rotation angle  

Rotation 
in space 

First magnet 30o - 30 o 

Second magnet 20,7 o 6,3 o 21,5 o 

Third magnet  12,6 o 19,5 o 22,0 o 
Straight section 768 cm 

Figure 4.1 Applying key points on 

the floor surface 

Figure 4.2 LU-20 injection + place 

for rotary magnet 

 

Table 4.1 Transport channel parameters (Pre-version) 
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Angle optimisation 
 

Before starting calculation of longitudinal and transverse dynamics, it is necessary to optimize the angles 

of rotation magnets in the channel. First of all, it is need to equalize the angels of those magnets, which 

in addition to the rotation of the beam have a through-span beam in a straight line: in first magnet - 

from HILAC to Booster, in the third - from the LU-20 to Nuclotron. Alignment angles also means 

minimizing the maximum of them. For the second magnet only condition is rotation angle top limit(we 

have it 300 degrees). It is based on magnet technical capabilities. 

 

First 
magnet Rotation in space 150 200 210 220 230 240 250 300 

 
 
 

Second 
magnet 

Horizontal 
rotation angle 

23,10 17,50 16,40 15,30 14,10 13,00 11,90 6,30 

Vertical rotation 

angle 21,90 21,30 21,20 21,10 21,10 21,00 20,90 20,70 

Rotation in space 30,40 26,70 26,00 25,30 24,70 24,10 23,60 21,50 

 
 
 

Third 
magnet 

Horizontal 
rotation angle 

21,30 20,70 20,60 20,50 20,30 20,20 20,10 19,50 

Vertical rotation 

angle 12,60 12,60 12,60 12,60 12,60 12,60 12,60 12,60 

Rotation in space 23,40 23,00 22,90 22,80 22,70 22,60 22,50 22,00 

Straight section, 
 cm 778,202 774,512 773,808 773,114 772,431 771,758 771,095 767,914 

5 

Figure 4.3 Transport channel HILAC-NUCLOTRON  (Pre-version): 1 – LU-20 injection channel; 

3 - Straight section of the transport channel; 2,4,5 – bending magnets. 

Table 5.1 Transport channel parameters (Optimisation) 



11 
 

Transport channel design in MAD-X 
 

MAD is a project with a long history, 
aiming to be at the forefront of 
computational physics in the field of 
particle accelerator design and 
simulation. The MAD scripting language 
is de facto the standard to describe 
particle accelerators, simulate beam 
dynamics and optimize beam optics. 
MAD-X is the successor of MAD-8 and 
was first released in June, 2002. It offers 
most of the MAD-8 functionalities, with 
some additions, corrections, and 
extensions. The most important of these 
extensions is the Polymorphic Tracking 
Code (PTC) of E. Forest. MAD-X is 
released for the Linux, Mac OS X and 
Windows platforms for 32 bit and 64 bit architectures. The source code is written in C, C++, Fortan90 
and Fortran77. The architecture of MAD-X is under complete review and reorganization in order to 
improve its maintainability, its flexibility and its performance. This long process should be completely 
transparent for the end users.[6] 

For using MAD-X program code (Figure 6.2) was written. The results presented in Figure 6.3.  

 

 

 

 

 

 

 

 

 

 

 

Picture 6.1 MAD-X start 

Figure 6.2 Program code for MAD-X 
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After the coordinates being obtained in the global coordinate system, it was decided to check them in          

T-FLEX CAD.  

 

 

 

 

 

 AutoCAD model Result from MAD-X 

First 
magnet 

Rotation in space 230 22,9870 

Second 
magnet 

Horizontal rotation angle 14,10 14,1570 

Vertical rotation angle 21,10 20,5920 

Rotation in space 24,70 24,6880 

Third 
magnet 

Horizontal rotation angle 20,30 19,7410 

Vertical rotation angle 12,6210 12,4610 

Rotation in space 22,70 22,690 

 

Received data matches with a model from AutoCAD with high accuracy. Now, when the channel 

geometry constructed, should be considered longitudinal and transverse dynamics of the beam. 

Figure 6.3 MAD-X results 

Figure 6.4 Top view Figure 6.5 Back view 

Table 6.1 Data verification from MAD-X model 
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Beam dynamics 
 

During the work was carried out the calculation of beam dynamics in the first approximation. 

Random parameters were exhibited to lenses for each zones for estimate.

 

 

 

 

 

 

Also, the input parameters are optimized (match), to meet the given initial and final conditions (first and 

second line respectively). 



14 
 

 

Optimized coefficients for a lens. 

 

Graph dependencies beam parameters along the channel length. 
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Conclusions 
 

 

 During the Summer Student Program at Joint Institute for Nuclear Research, introductory 

lectures and excursions were held;  

 Complex of laboratory works for the course "Accelerator Technologies" was passed; 

 Specialized course for NICA project was attended;  

 Designed pre-version of transport channel between the linear accelerator HILAC and Nuclotron; 

 Preliminary calculation of beam dynamics in the transport channel; 

 

 

 

It should be noted, that the work on the transport channel design of is not completed. 

Subsequently, it will need more accurate harmonization of all parameters of the beam. Further 

work on the design of transport channel is planned to continue in the  joint work of the RF Lab 

NRNU MEPhI and Veksler and Baldin Laboratory of High Energy Physics. 

 

 

 

 

 

 

 

 

Figure 8.1 Transport channel HILAC – NUCLOTRON. Final version. 
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