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GENERAL INFORMATION

The Customer is Joint Institute for Nucléz@search (JINR).

The NICA Complex project (hereinafter the Complex) is implemented by the Laboratory
of High Energy Physics (LHEP) with the support of JINR services, contractors and
international collaborations.

The area of construction of the ComplekHEP site of JINR, Dubna.

The location of buildings and structures of the complex on the VBLHEP site are
shown in the diagram (Fig. 1), their description and purpose are given in Table 1.

General design organizations of the civil construction com@d&0O "Kometa"; ZAO
"Arena”, ZAO "Giprokislorod", etc., a detailed design of the main technological systems

is performed by VBLHEP.

Orders for the specialized equipment are performed on technological sites of VBLHEP, at
the Experimental Workshap (EW) of LHEP and at thirgpbarty organizations, including
foreign enterprises.

Construction, design, as well as partially installation works are carried out by third parties
under the control o£CD JINR.

The total area for equipment, development of experiaieand technological sites,
experimental zones, computing capacities and workplaces is 842330 m

Including:
- building 17 (collider and twexperimental pavilions) - 30 800m?
-building ~1 (Nuclotron) -23900m?
- building 205 (testing and experiment acgathe extracted beams)8 900 n?
- industrial and office premises - 26530 m?
Total power consumption by power supply:
- at the stage of construction of the Complex -16.12CMW;,
- after commissioningf the Complex - 34.734MW,

The construction of the Complex is carried out in three stages:

the first stage"The Starting Configuration of the NICA Compleis determined by the
commissioning of the Booster and start of experiments on extracted beams;

the second stage'Basic Configuration of the NICA Complexvill be implemented with

the completion of the main construction and installation works, the launch of the Collider
and the first experimental facility of the Collider;

the third stage "Full Configuration of the NICA Compléxis characterized by the
achievement of the design parameters of the accelerator complex and the commissioning
of the second facility at the Collider.
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Fig. 1. Layout of buildings and premisaisthe VBLHEP site, used for construction and operation
of the NICA complex. Red color indicates newly constructed ones, greeder design, yellow
under reconstruction, bluetransformer stations.



Table 1.

Numbers of VBLHEP buildings and their parse in the project NICA Complex

Buildings | Status of the | Intention Facilities and technological area| Available | Under Reconstruction
object construction
(MO main,
AOT
auxiliary)
Bld. 1 MO Accelerator Nuclotron, injection complex, Ll 1
complex Boosterring, control panel
Bld. 1A MO Energetic Power sources of the accelerato i i
building, MPD complex,MPD and SPD control
and SPD control | panels
panels
Bld. 1B MO Cryogenic Control panel, compressors ] ]
complex
Bld. 2 MO Accelerator Control panel 1 q
complex control
panel
Bld. 2A MO Oil storage As part of the cryogenic comple i
Bld. 3 AO Office building 1 ]
Bld. 4 AO Express Machining, welding, assembly ] ]
workshops and painting areas
Bld. 6 AO Main stepdown ] ]
substation
Bld. 14 MO Online cluster Collection and transmission of ] ]
experimental data
Bid. 17 MO Accelerator Collider ring, MPD, SPD electror q
complex cooling system, Nuclotron,
Booster
Bld. 32 AO Express Cryostat assembly and i 1
workshops manufacture area
Bld. 39 AO Administrative i
Bld. 40 MO MPD and TPC MPD and TPC detectors ] ]
detectors assembly and testirayea
assembly and
testing
Bld. 42 MO MPD detectors Assembly and testing of high i i
assembly and voltage equipment of the NICA
testing complex. Assembly areaf
ECAL MPD. Assembly area of
TOF and RPC
Bld. 201 | MO Development of | Areas for development of the i
electronic complex cluster prototype
elements of
detectors
Bld. 202 | AO Development and | Development and testing area fq i

testing of

elements of MPD and SPD




detectors

detecting systems

Bld. MO Magnets testing | Magnets testing area

203A

Bld. MO Development and | Sources testing area

203B testing of sources
for the accelerator
complex

Bld. 205 | MO Facilitiesfor Complex of facilities for applied
applied research | research HIPER NIBM&N

Bld. 208 | MO Power supply of | Power sources of experimental
facilities facilities

Bld. 215 | AO Office center Conference complex, areas for

development of the prototype of
the complex cluster

Bld. 216 | MO Off-line NICA Area for development of silicon
cluster detectors

Bld. 217 | MO SP-magnets SP-magnets assembly and testin
assembly and area TPC assemblgrea
testing, TPC
assembly

Bld. 220 | MO Assembly and Area for straw and micretrip
testingof detectors assembly, ECAL MPD
elements of assembly area
detector systems

CCSs Cryogenic Cryogenic compressor station
compressor statiof

Nica MO Office center, Computer cluster for modelling,

Centre conference center| processing and storing
data taking and experimental data
processingenter

Bld. 234 | AO Canteen Canteen
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Introduction - goals and objectives of the NICA complex

The purpose of the project "NICBomplex" (hereinafteir the NICA complex or Complex) is to
develop a worletlass experimental base in the Russian Federation to conduct fundamental
research on a number of most important issues of modern high energy physics and perform
relevant applied resrch, to ensure the participation of scientists from scientific organizations of
the participating countries in these studies, as well as countries that have joined the project.

The following main facilities are constructed, developed and operated as fheatComplex:

Accelerator uniincluding

supercondumng synchrotron Nuclotron anthannels for beams extraction arahnsition;
injection complex (ion and polarized particle sources, linear accelerators);
superconducting synchrotron, the Boostethef NICA complex (furtheir Booster);
superconducting collider of heavy ions and polarized particfethe NICA complex
(hereinafter the Collider).

= =4 =4 -4

Experimental facilitiesincluding

MPD (MultiPurpose Detectoi) for studies of dense baryonic matter colliding beams;
BM@N (Baryonic Matter at Nuclotron) to conduct physical research in the field of
dense baryonic matter with Nuclotron extracted beams;

1 SPD (Spin Physics Detector) to study the spin structure of nucleon on colliding
polarized beams.

= =

Innovation unitincluding

1 experimental zones, channels and-wget for innovative and applied research,
development of microelectronics, solving a number of biomedical and material science
problems.

Computerinformation unit,including

1 distributedinformation and computing complex for modeling, processing, analysis, and
storage of accumulated data with networking infrastructure and a set of information
services

Fundamental research carried out at the NICA complkeuires the establishment and
functioning of international collaborations that include scientists, engineers and specialists from
participating countries of the project. Innovative and applied activityeaigage to JINReams of
specialists from different countries aimed at solvingide range of tasks. Preliminary estimates

of the numbenof specialists who visit the Institufer work over a year already on stage of the start

of the base configuration of the Complex will be at least 1000 and in the future, during the
development othe Complex, this number should increase kiyS3times. All project participants
should be provided with offices and appropriate infrastructure (computing, meeting and seminar
rooms, canteens, etc.).

To solve these tasks, it is required to establish ppropriate construction, research and
engineering infrastructure, including:
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bui | di (thg forned building of the SynchrotronYluclotron, Boosterthe injection
complex with particle sources amdo linearaccelerators, particles transport channels to
the Booster and to Nuclotron;

building 17 of the collider with tunnels of beam transport channels twclotron,
experimental pavilions of MPD and SPD detectors, pavilion of Collider beam electron
cooling system and othdwildings constructed or reconsicted forthe operatiorof the
whole complex;

experimental pavilion (building 205) for researcbesextracted beams of particles and for
special testing zones of the developed equipment;

cryogenic complex with a new building of cryogenic compressoostati

infrastructure of power supply and energy saving engineering systems;

high-tech assembly and testing line for superconducting ($fjgnets of the Nuclotron
type;

innovation centef- NICA center;

distributed computer complex with higipeed technological and local computing
networks;

beam transport channels in specialized areas of the innovative and applied investigations
on linear accelerators and Nuclotron extracted beams.

The layout of the main accelerators and experimental facilitidtseeafomplex is shown in Fig. 2.

This document contains a description of the research program using the capabilities of the
Complex, a brief description of the main objects of the Complex with their basic technical
parameters and stages of its establishmestwell as links to documents containing a detailed
technical description of these objects.

BM@N (Detector)
Extracted beam

Fig. 2. Layout of the main accelerators and experimental facilities of the NICA complex



1. Scientific research program

Researches on the NICA complexversa wide range of phenomena in the field of structure with
the strongly interacting matter, that is manifested in reactithsheavy ionspolarized hadrons,
and light nuclei. The main directions of the research progna:
1 Search and experimental study of phase transitions and critical phenomena in strongly
interacting nuclear matter at extrenbaryonic densities

Such matter existed onbt earlystages of the origin of the Univergst lower temperatures, it can

also appear in the nuclei/inside of neutron stars. Computations in lattice quantum
chromodynamics predigthase transitions of deconfinement aadonstruction of chiral symmetry

at a sufficiently high energy density leading to the formation of gglusin matter. Currently,

lattice methods do not extend to the region of high baryonic dengiesal for heavy ion
collisions at the Complex. The possibility to achieve the maximum baryonic density in
accelerator experiments at the energies of the Compleani&rmed by both model theoretical
calculations and experimental data at CERN. The energy range of the Complex is quite wide (see
the phase diagram in Fig. 1.1) to study both the hadron phase and thelgoariphaseThe
temperature and the baryonicnds i t y nor mal i zed to Anor mal 0 or
observed characteristics that indicate the manifestation of statistical regularities in heavy ion
collisions. The boundary between the hadron and ggladn phases can be manifested in
various experiments, astrophysical and cosmological phenomena.

It is essential not only to detect the phase transition but also to clarify its nature. The latter may
include both a crossover and a fiostler phase transition leading to a critical guéht (CEP -

Critical End Point Fig.1.1). Neither the firsbrder phase transition nor the critical end point were
observed experimentally. Therefore, the search for them is one of theasksnof the scientific
program.

Due to the fact that theoretical resudtre limited that is associated, in particular, with that lattice
computations at finite baryonic density are in a formative state, the experiments will begin with
the study of diagnostic observables previously studied at the RHIC and SPS accelerators.
Observables will include particle yields and spectra, ebgregvent multiplicity and transverse
momentum fluctuations, and various combined distributions. Measurements will be carried out at
different energies and types of particles. Femtoscopic corredatiom directed, elliptic and higher
fluxes for different hadrons, leptons and photons, charge and spin asymmetries will be
investigated.

QUARK-GLUON MATTER
2501 i ordial

6 ™
Universe (<10°9) RN

200

150 L. Hadronic matter

Temperature (MeV)

100+

501

"Ordinary" state

__ Net baryonic density
ol 71 ‘ 5 8 (normalised, d/do)

Fig. 1.1. Phase diagram of the baryonic matter
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T Experimental study of the spin strud of nucleon and light nuclei

The modern description of the spin hadron structure is carried out by means of a set of distribution
functions that depend on both spin and transverse momentum, with a special role played by
correlations between different transverse characteristics. Tgggon of the Complex includes

the study of a complete set of transverse momemtependent functions of the leading power
twist_using various rigid probedileptons (in the process of MatveMuradyanTavkhelidze
Drell-Yan), quarkonia, direct photons, hads with large transverse momentum. Transverse
momentum integrated parton distributions and qugdukn correlators will also be investigated. A
special role will be given to tensor polarized deuteron distributions as the presence of
corresponding beamsasunique feature of the Complex.

1 Investigation of polarization effects in heavy ionisths and few nucleon systems.

Hyperon polarization is a sensitive probe of the dynamics of the hadron aneggpu@rknedium,
including its acute characteristicschuas hydrodynamic vorticity and helicitfhe theoretical
methods developed at JINR predict the achievement of its maximum values in the energy range of
the Complex, which is confirmed by the RHIC data. The program includes a study of the
polarization ofhyperons formed in different kinematic regions, depending on the type of nuclei,
energy, and centrality. It is planned to conduct a detailed comparison of polarization effects in
reactions with hadrons, light and heavy nuclei. Tensor polarization of veesams and dileptons

will also be systematically investigated.

9 Investigation of reaction dynamics and studying modifications of hadron propemigslear
matter

Theoretical studies indicate the possibility of partial restoration of chiral symnhediding to
modifications of hadron spectral functions in a dense medium. Most sermitibes of this
modification for vectomesons are dileptonghich characteristics, including angular distributions
(tensor polarization), are sensitive to the statt@fmedium at the moment of interaction and are

not distorted by strong interactions at later stages of the process. Currently, there are no data ol
dileptons with an invariant mass in the region of several GeV. The program of the Complex will
eliminate his drawback, which is especially important due to the fact that the maximum density of
hadrons is achieved in this region.

M Study of the structure of the nuclei at short inrnucleon distances:theshold
strange hyperons production and search for hgpelei of the Nuclotron extracted
ion beams with fixed targets.

Fluctuations at short distances, which are also related to the concepts of fluctons and cumulative
processes developed at JINR, can be studied in reverse kinematics, in the scatteringaof nucle
beams on a hydrogen target, which makes it possible to detect all particles in the final state.
Scattering of polarized deuterons can be used for direct check of tensor afafiuctuations.
Enhanced strangeness in heavy ion collisions compared rteeri@ry processes is a sensitive
probe of phase transitions. This phenomenon is most clearly manifested in the formation of
hypernuclei, which is supposed to be studied both in the Collider mode under conditions of
maximum baryon density and on fixed tasge

11



1 Development of theoretical models of the studied processes and theoretical support of
experiments.
Theoretical studies will combine a detailed simulation of processes in specific conditions of

experiments at the Complex with exploratory developmertisiding the development of new
theoretical methods, in particular, nparturbative and lattice quantum chromodynamics.

The research program is presented in the "White paper® of the NICA project
http://theor0.jinr.ru/twiki/pub/NICA/WebHome/WhitePaper_AD.pdfand published as separate
volume of the European Physical Journal: D. Blashke eExalloring strongly interacting matter

at high densitiesNICA White PaperEPJ A. V 52N8, 2016. 267 p.
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2. Accelerator unit

2.1. General aspects of tleecelerator facility

Accelerator facility (or accelerating complex NICA) of the project "NI€C&mplex (Fig. 2.1)
provides accelerated beams of charged particles to experimental setups of the NICA complex to
carry out program of investigations in the fiaddl relativistic nuclear physics, spin physics,
radiobiology and applied research. NICA accelerator complex is unique in its composition and
structure of ion beams used, flexibility at realization of research programs, luminosity in the study
of particle ineractions in the energy range achievable at the complex.

The NICA accelerator complex consists of twgection chains of light (A/Z1 6 3) and he

~

(A/Zz = 1 8 6) I otros synclBatrans, twe Collidesupkercddductihgostorage
rings and bam transport channels between these elements.

Fixed Target Area

Jun

P
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\‘m"' mem % Hufjl w8 LT
Nuclotron (45 Tm) N o TwoSCrings ofthe collider %
injection of one e NI?A' S_E’,q,eJ %
bunch S e »
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acceleration up to ) = . o p &
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3 22 bunchesperring A
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Prommeosmim nFn  sssamespi Y

Fig. 2.1. NICA facility and its components

The injection chain of light ions creates, accelerates and transports ions to Nuclotron; the injection
chain of heavy ions also transports them to the Booster fwbioh they are transported to
Nuclotron after acceleration. Nuclotron provides brspdctrum ion beams (from protons to gold)

to facilities of applied research, the BM@N experiment and the Collider using the systems of slow
and fast beam extraction caponding channels of particle transfer.

The main facility of the complex, providing experiments at the MPD and SPD facilitiedlicter.
It consists of twastorage rings placed on top of each other with two interaction points (IP). Beam
collisions are pgormed at a zero angle.
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2.2. Light ion injection chain

The injection chain for light ions is designed for injections of beams of various ions from protons
to Mg, polarized proton beams with energies up to 12 MeV and deuterons with energies up to 6
MeV/n into Nuclotron. The chain consists of the following main elements:

1 a set of ion sources: the laser source, duoplasmatron, the source of polarized particles
(Table2.1);

1 high-frequency resonant linear accelerator-2Q}
9 distribution channels of the bealmstween the elements of the chain.

Depending on the experiment being performed, one of the following may be thesel:ion
sources: the laser source, duoplasmatronstiiece of polarized particles. Sougarameters are
given in Table 2.1.

Table 21
Paameters of light ion sources

Source Laser Duoplasmotron SPI*

Particles Light ions 15, D 1§ v,

up to Mg°* g D

Particles per ~ 10t ~ 5110'2 ~10t! 5140
pulse

Pulses repetition 0.5 1 1 0.2

rate, Hz

* SPIi a source of polarized ions

The upgradediccelerator LLRO (Table 2.2) provides the acceleration of ions with the ratio of
mass number to charge 1 O a/z O 3.
Further, at the stage of implementation of the Full configuration of the NICA complex, it is
planned to replace the PO with a modern aelerator with an increase in ion energy to 7
MeV/n.

2.3. Heavy ion injection chain

The injection chain for heavy ions is designed for injection of ion beams up to gold with energy
up to 3.24 MeV/n into the Booster. It consists of the following ne@ments:

1 source of the highkgharged ions KRIOMST;
1 high-frequency resonant linear accelerator;
I beam transfer channels between the elements of the chain.

Table 2.2.
LU-20 parameters
Main parameters Value
Accelerating structure SUQF* + Alvarez
A/Z accelerated ions 1 6 3
OutputenergyMeV/n 5
Output beam currenmA 5 6 10

14



Output emittance (effective), 40

" LmmbLmr ad
Acceptance, 220
lon injection energy 150

AlZ =1p 3, keV/n

Capture efficiency, % 50
Operating frequency, MHz 145
Length, m 22

* SUQFT spatiallyuniform quadrupoldocusing

The cryogenic source of multicharged heavy ions (KRION) has a focusing structure of the
Electron String lon Source (ESIS) type (Table 2.3). It is the original development of the
VBLHEP, JINR.

Heavy ion source parameters

Main parameters Value
Particles in the main mode Au31"
Particles per pulse ~ 25955110
Operating frequency of 3per5s
repetition of the cycles in Hz
Maximum repetition rate of thg 10

cycles in Hz

Table2.3

HILAc (Heavy lonLinear Accelerator) (Table 2.4) accelerates ions with a #itaskarge ratio of

1

O al/lz O 6.

HILAC parameters

Main parameters Value
A/Z range of accelerated ions 1 0 6
Outputenergy ANZ = 6), MeV/n 3.24
Output beam current, mA 10

Structuretype (number of

sections)

RFQ (1) + IH DTL (2)

Table 2.4

At the output of the source, there are ions of five adjacent charge states. The final separation of
the target charge state is performed in the transfer channel from HILAc to the Booster.

2.4. Booster

The SC Booster synchrotron is the main injector of heavy ions into Nuclotron. Its main objectives

are:

1
il

accumul ati on

at JiomsPRActNi o n
effective accelett#on of partially stripped ionbecause oéchieving ultrahigh vacuum
in the beam chamber;
the formation of the required phase volume of the beam using an electron cooling
system;
acceleration of heavy ions to the energy required for their efficient stripping;

energy (up

15



9 fast (singleturn) output of the accelerated beam for its injeciio Nuclotron.

The beam from the Booster is transferred to Nuclotron via a special channel for transporting
charged particles. Before injection into Nuclotron, heavy ions are completely stripped on the target
installed in the channel and separated bycltarge. Noftarget charge ions are transferredato
specialabsorber.

The Booster with the perimeter of 210.96 m and a structure of SoperperiodgTable 2.5)is
placed inside the yokaf the Synchrophasotron magnet (RA@2).

The maximum field oBooster dipole magnets is 1,8 T (magnetic rigidity is 2512)Twhich

corresponds to the energy of 578 MeV/n ionAus*,

Magnetic structure of the Booster consists of 4 superperiods, each of which includes 5 regular
periods and one period not contagnidipole magnets. The regular period includes focusing and
defocusing quadrupole lenses, two dipole magnets and four small free gaps designed to
accommodate multipole correctors, halo collimators of beams circulating in the Booster and
diagnostic equipmenihese elements of the magnetic system belong to the structural elements of
the Booster and comprise a magnetic cryostat system (hereinbfteg, Table 2.6).

Table 2.5

Main parameters of the Booster
Parameter Value
Accelerated particles i ons, py, dy
Maximum energy of accelerated 578
ions 197Au31+, MeV/n
Intensity of a beam of Au, 2,510
ions/cycle
Cycle time when working with the 4.02
Collider, s
Perimeter, m 210.96
Injection energy, MeV/n 3.24
Magnetic rigidit 25.2
Field of dipolemagnets, T 1.8
Pace of growth of the field, T/s 1.2
Frequency of the accelerating 587 06 2525
voltage, kHz
Injection into the Booster Singleturn, multiturn
Beam extraction Singleturn
Pressure of the residual gas in the 101
beam chamber, Torr

16



%

HF accelerating

stations L 2 N ————— T
- ‘
b 4 A

e < S

Fast extraction

> \ "‘": ‘ {
\% - ’{
\’\ %7 y AN :
N\ "'.;?,}~ .I"""';L' oG Electron cooling Y 7S >
NN “Warggysoaty i3 25 B LV S g /\ HILAC LU-20

]

Fig. 2.2. The layout of the MCS and other elements of the Booster

Table 2.6
Structure parameters of the Booster

Parameter Value
Number of superperiods 4
Number of periods in the superperiod 6
Number of long straight sections 4
Length of astraight section, m 7
Lengths of short straight 0.7/0.85/095
sections, m
Injection energy, MeV/n 3.24
Betatron numbers 4.8/4.85
Maximum value ob-functions, m 13.3
Maximum of dispersion function, m 4
The Lorentz factor corresponding to the 4.487
critical energy, otr
Chromaticity 15,1/ 1
Horizontal acceptancé. mmL mr a d 150
Vertical acceptancé,L mmL mr a d 58

Booster dipole magnets are curved, the radius of curvature along the central (axial) line is
14.09m.

Thelong straightsectionscontain builtin elements, which include beam input and output devices,
accelerating stations of the accelerating Higlgquency system and the electron beam cooling
system (Figure 2).
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The duration of the working cycle of the Booster is 4.0Fig. 2.3 the secalled "standard
cycle". If necessary, a technological pause between cycles of up to 1 s is possible.

B(Th
1.8
dB/dt = 1.2T/s
0.65 _ E-cocling
. . g
0.11 L4 ’
.02 1 4.02 1.5 1 t(s)

Fig. 2.3. Diagram of the working cycle of the Booster during acceleration of heavy ions

At the 1st stage of theorking cycle with the duration of 0.45 s, the injected beam is adiabatically
captured in the separatrix of the accelerating HF voltage and accelerated from 3,2 4 MeV/n to 65
MeV/n at the 5th rate of the accelerating voltage.

The frequency of the acceldrag voltage varies from 587 kHz to 2525 kHz. At the magnetic field
plato, the HF voltage is adiabatically switched off and the beam is cooled for ~ 1 s. At the second
stage with the duration of 1.2 s, the ions are adiabatically captured and accelebsa@d/feV/n

at the 1st multiplicity of accelerating HF voltage, the frequency of which varies from 505 kHz to
1117 kHz.

Several injection methods have been developed for injection into the Booster, which will allow
increasing the beam intensity if necess#y.the main method singkeirn injection is adopted.
Additional methods are one singlérn injection and miltiple singheurn injections. The design
repetition rate of multiple singlirn injection stages is 10 Hz.

2.5. lon superconducting synchrotroNuclotron

The superconducting synchrotron Nuclotron with a magnetic rigidity of 3&5iE the main
accelerator of the NICA complex (Table 2.7) and operates in one of three modes:

1. acceleration of heavy ions for accumulation in the Collider;

2. acceleration opolarized proton or deuteron beams for accumulation in the Collider;

3. acceleration of different types of ions for experiments on the internal target and fixed
targets in the experimental hall.

Table 2.7.
Main Nuclotron parameters
Parameter Value
Accelerated particles py, dy, nuclei up to Au
Maximum energy of accelerated iong 3.81
197Au79+, GeV/n
Extractecbeam intensity 197Au79+, 11240
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particles/cycle
Duration of slowextraction s up to 10
Injection energy, MeV/n 5 (py, dy)
578 (Au nucle)
Perimeter, m 251.52
Magnetic rigidit 38.5
Field of dipole magnets, T 003 ® (@Apy, dy
04 6 .&(nutle)
Number of periods 8
Betatron number 7.4
Cycle duration when working with th 4.02
Collider, s
Rate of rise of the magnetic field, T/g 1.0
Injection type Singleturn
Beam extraction Singleturn or slow extraction
Pressure of the residual gas in the 10 9
beam chamber, Torr

In mode 1, Nuclotron operates as an element of the Collider injection chain and accelerates a
single bunch ofc o mpl et ely stripped heavy ions (Au7S§9
intensity of the bunch is 1 6 1.5L109 ions.
10%. Rate of rise of the magnetic field is not more than 1 T/s.

In mode 2, Nuclotro accelerates polarized patéis from the energy of 5 MeV/n up to the energy
corresponding to its maximum magnetic rigidiffhe intensity of the bunch isgeral units of
1010 particles.

In mode 3, Nuclotron operates similarly to the previous two onbstia@ beam extraction to the
BM@N experimental setup and/or the radiobiological and applied research zones. The average
flow of accelerated ions at slow extraction is up to 107 partieesgrond.

The maximum field of Nuclotron dipole magnets correspamndo the mode of its stable long

term operation is 1.8 T (magnetic rigidity is 38.8n]). This corresponds to the kinetic energy of
protons of 10.7 GeV, 5.3 GeV/n deuterons and light ions (with the ratio of charge number to mass
ZIA =1/2), 3,6 GeV/n folons withz/A= 1/ 3 (f or AedZ @np 42kand 38eGe\n

for gold nuclei.

MCS of Nuclotron with the perimeter of 252.52 m consist8 aguperperiodencluding turning
sections and a long straight sectidn.long straight sections there are biiltelements, which
include:

1 two beam injection systems (for injection of light ions from {20 and heavy ions from
the Booster);

the system of slow beam extraction to the experimental hall;

system of fast (singtaurn) beam extraction for transfer to the Collider;

two accelerating higifrequency stations,

internal target statiothat is used to measure the degreleeafm polarization.

= =4 =4 A
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2.6. Collider

The Collider of the NICA complex provides experiments indbkiding beam mode. The main
parameters of the Collider are given in Table 2.8.

To provide the maximum possible energy in the Colliderrresponding to its maximum
magnetic rigidity), a slow acceleration of the beam particles extracted from Nuclotron and
accumulated on the extraction energy (optimized depending on the parameters of the beam
extracted from Nuclotron) is provided.

Table 2.8
Main parameters of the Collider

Parameter Value
Accelerated particles py, d¥, Au
Total ener gy @ns 4-11
point of two nucleons, GeV
The energy of accelerated ions 1-4.5
¥97Au3" in each ring, GeV/n
Perimeter, m 503.04
Injection energy, GeV/n 1-3.8
Maxi mum magnet. 44.5
Field of dipole magnets, T 1.8
Magnetic field growth rat€el/s 0.1
Injection type Singleturn, multiple
Discharge (reset) of the beam Singleturn
The pressure of the residual gas 1011
the beam chamber, Torr

Collider rings have the shape of a stadium

locatedone above the other at a distance of 0.32 m. The basis of the magnetic system consists 0
two-aperture dipole and quadrupole magnets, quadrupole magnets of the final (before the
interaction points) beam focusing, dipole magnets of vertical beam convedieaEence
system. Moreover, the Collider rings include 136 corrective magnets.

To accumul ate beams and ensure their l ong
electron (in the energy range from 1 to 4.5 GeV/n) and stochastic (in the enaggyfnan 3 to
4.5 GeV/n) particles cooling systems are used.

The following devices are located in the straight sections of the Collider:

MPD and SPD detectors;

elements of the beam injection systéseptum and impact magnet);
devicesof emergency beams disarge;

elements of the higfrequency accelerating system;

the system of electron beam cooling;

devices of stochastic beam cooling system (piglstations an#lickers);
feedback system devices;

control systems for proton and deuteron polarization, asasgiblarimetry.

= =4 =4 4 8 48 9 -9
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The strategy of obtaining the design luminosity is illustrated in Table 2.9 by the examplégfif Au
ions.

Table 2.9
Parameters of the collider in the mode of collisions of gold nucle7|9(2)u
Parameter Value
Number of bunches 22
RMS lengthof a bunch 0.6
b-function at the interaction at the 0.6
interaction point, m
Energy AU, GeV / n 1.0 3.3 4.5
Number of ions in the bunch 02L1024L%1023L2
RMS pulse scattepp/p 06130 12130 16L1
RMS emittance, 1.10/1210 1.10/09 1.10/08
“"LmmL mr ad
Time of the beam sizgrowth due to 160 530 1700
intracbeam scattering
G 2|
Luminosity-1, cn“L: ) 06L%d10Ldh1oLd o

Three highfrequency(HF) systems are used to ensure beam accumulation and the formation of
short particle bunches:
1 HF-1 system, formingeriodic pulseg( i b a r voliage with)the amplitude up to 5 kV,
used foraccumulatiorof the required intensity of the beam;
1 HF-2-the ystem that generates the harmonic voltage at thetZ#mabnics frequency
rate with amplitude up to 100 kV. ik used foformation of the equired number of
bunches, angdreliminarybeam focusing;
1 HF-3-the system that generates the harmonic voltatied@6thharmonics  frequency
rate with amplitude up to MV compressing bunches of particleg to the design length
(0.6 m).

2.7. Stages of the establishment of the accelerator unit of the NICA complex

The following main works on the establishment of @icceleratounit of the Complexwill be
completed as a result of the sta@@é starting configurationf the NICA compléx

1 both injection chains will be installed and commissioned;
1 the Booster will be installed and commissioned and the beams of loee/yp to gold
acceleraon in it will be achieved;
1 Booser-Nuclotron and Nuclotron BM@Ntrangort channels will be installed and
commissioned.
At the same stage, the BM@N experiments carriedisimgthefirst injection chain to accelerate
heavy iongup to krypton) in LU20 and transfer them to Nuclotron.

At the "Basic configuration of the NICEomplex" stage, the collider is put into operation and
the MPD experimental facility is operated on it. At this stage:
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1 a channel for transporting particle®m Nuclotron to the collider will be installed
and put into operation;

1 the magneticryostat superconducting focusing system of the collider will be
installed and put into operation, and the working values of the magnetic fields and
the pressure of thesidual gas in its vacuum chambers will be achieved;

1 beam injection and emergency beam discharge systems;

1 HF -1 stations (one for each ring) providing accumulation of ions accelerated and
transferred from Nuclotron;

1 two HFR2 stations per ring, which focusns into bunches and synchronize bunch
collisions between two rings;

1 the feedback systemompensating coherent oscillations of ion beams;

1 two channels (one per ring) of the stochastic ion cooling system.

The following conditions will be met:

1 collision ofion beams of the same typath the following set of ions: carbon, argon,
krypton, xenon, gold;

1 the total energy of two colliding ions in the rangéX4GeV/n;

f the maximum |l uminosity depend&umtglLdn0 t he
cm?cl:

At the"Full configurdion of the NICA complex” stage:

1 two additional HF2 stations per ring will be installed and put into operation that
allow more effectively producing a group of ions in the bunches and synchronization
of collisions ofbunches of two rings;

1 8 HF3 stations per ring, allowing for the formation of short bunches of ions;

1 the electron ion cooling system is installed and put into operation;

1 additional channels of the electron ion cooling system have been put into operation.

As a result, the followg characteristics of the collider will be achieved:
T design | umi nosi2tMTable.290 1L1027 Mmd3
1 the mode of asymmetric colliding beams (of light ions with heavy ones);
1 mode of polarized colliding beams (protons and deuterons) providing resenehfield
of spin physics in the collider colliding beams; the collider is equipped with devices to
control the motion of polarized particles with the preservation or controlled change in the
direction of polarization, as well as devices for diagno#fieglegree of polarization.

The description of technical specifications of the accelerator complex is given in the following
documents:

1. Conceptual design of the NICA complex, Dubna, 2010 and 2013:
T E. AhmanovaA. Eliseev,Yu. Filatov, T. Katayama,A. Kuznetsov, H. Khodzhibagiyan,
S. Kostromin, O. Kozlov, O. Kunchenko, V. Lebedev, V. Mikhailov, |. Meshkov,
V. Monchinsky,E. Muravieva,S. NagaitsevA. Philippov, R. Pivin, A. Sidorin, A. Smirnov,
N. Topilin, G. Trubnikov, Yu. Tumanova, S. Yakovenko, P. Zenkevi&@pncept of the
NICA Collider ( Ed . . Meshkov) , Du b n a-5-9530028%4, 2010.
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T Conceptual project of the NICA accelerator complex under general editorship of
I. N. Meshkov, G. V. Trubnikov, JINRDubna, 2013.

2. The summary volume of the technical desigiihef NICA accelerator complex &vailable at:
http://nucloweb.jinr.ru/nica/CDR.htmIA detailed description of the technical characteristics
of the NICA accelerator complex is given in the follow publications:

-V. Kekelidze, R. Lednicky, V. Matveev, |. Meshkov, A. Sorin, G. Trubnikov , NICA
project at JINR, Physics of Particles and Nuclei Letters, v. 9, 2012.

-V.D.Kekelidze, A.D.Kovalenko, R.Lednicky, V.A.Matveev, |.N.Meshkov, A.S.Sorin,
G.V.Trubnikov , Project NICA at JINR, Nuclear Physics A, v. 985, 2013

-Technical project of the NICA accelerating complex, edited by I. N. Meshkov, G. V.
Trubnikov, TT. HV, Dubna, 2015.

-N. N. Agapoy, V. D. Kekelidze A. D. Kovalenkq R. Lednick ,V. A. Matveey |. N.
Meshkov V. A. Nikitin, Yu. K. PotrebennikoyA. S. Sorin G. V. Trubnikoy,

Relativistic nuclear physics at JINR: from Synchrophasotron to the NICA collider,
Advances in Physical Sciences, Vol. 186, No. 4, 2016, p. 405.
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3. MPD facility

3.1. MPD facility purpose

The MPD facility is designed for experiments on colliding beams of the NICA collider for a
detailed study of the QCD phase diagram at high densities and temperatures including the searct
for new states of hadron matter and pheaesitions. In order to achieve this, it is planned:

1 vyield of strange particles, baryons and daiyons;

1 eventby-event fluctuation of multiple particle production, transverse momentum, ratios of
particle yields;
anisotropic and collective flows;
pulsecorrelations (femtoscopy);
production of lepton pairs and soft photons;
1 polarization phenomena.

= =4 =

In order to carry out these studies, the detectors of the facility must provide effective identification
of the products of nuclear collision and measuremoénibeir parameters at high loads in a wide
range of phase space.

3.2. The overall design of the facility

The facility must include:
1 the system for measuring particle momentum in the range p2QGgV;
1 particle identification system for the separatioh  p r entesomss ,s-mesons and
electrons in the pulse range @ 1GeV/s;
1 the system for restoring the primary interaction vertex with an accuracy e2QIDO
microns and the secondary decay vertices with an accuracy2sf fiicrons;
1 the ability to regster gamma rays in the energy range e800 MeV;,

The maximum volume of the facility along the beam is determined by the location of the
magnetic lenses of the Collider storage rings, and can not exceed 9 meters in order to be able tc
focus beams welhto the meeting area.

The dameter of the central detector is the result of a comprobeiseeerthe need for sufficient
spanbase time and track length faccuratedetermination of particle type and their momentum,

on the one hand, and a strict requiestnfor the uniformity of the magnetic field and a reasonable
cost of the magnetic system, on the other. Track length should not be less than 1 meter in radius,
the number of points on the track should not be less than 50 to obtain the desired pulsenresolu

of 3% at the momenta of particles up to 2 GeV/C. With this pulse resolution and measurement of
time of flight on the basis of 1.meters with a precision of 1qis will be able to separate 90%

pions and kaons, produced in the collision of gold iorth tine energy in the system aénter of

masses 11GeV/nucleon

The facilityshoul over |l ap t he geomet measuerhenttparticte pulsd, ™ . F
the tracking system must operate in a uniform magnetic field with an induction-@f5012 Itis

obvious that to obtain such a field in the specified volume it is preferable to uae
superconducting magnet eblenoid type with corrective windings at the ends.
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The MPD facility that meets these requirements is shown in Fig. 3.1. The detectior shasist

of a cylindrical and two end parts. All of them are located in the magnetic field. The cylindrical
part consists of various types of detectors, placed around the beams collision area, which include
a track system, a timef-flight system, andraelectromagnetic calorimeter.

FD
CPC ECal SC Coil
Tracker o

Yoke

TPC 'Cryostat

Rice. 3.1 MPD facility scheme, full version.

To power the magnet and the corrective windings, an elestaogy of about 300 kW is required.
Electrical power of 1.0 MW is planned to power #rdire detector.

3.3. Purpose and description of facility detectors

The timeprojection chamber (TPC) is optimal as the main tracking system. It should be
supplemented by an internal tracking system based on silicon semiconductor detectors (IT) that
surround the beam collision region. Both detectors provide an accurate reconstruction of particle
tracks and their pulses, as well as the determination of particle decay vertices. The inner detector
must have at least 5 layers that surround the beamatiteraegion to reconstruct the secondary
vertices of shortived particles such as heavy hyperons.

For particle identification, in addition to TPC a precise twfidlight system (TOF) is needed, it
should provide identification of charged particles withlses up to 2 GeV/s in a wide range of
pseudo velocities. The TOF system requires a fast forward detector (FD), which pttveides
starting signal for the timef-flight system and the time rdstion is not worse than 30 ps.

For identification of electnas and photons andeasurement of their energies, electromagnetic
calorimeter (ECAL) is requiredHigh granularity of the calorimeter along wigiood energy and
time resolutiorwill significantly improve the capability to identify particles in the M@Btector.

Optimal in design and price calorimetey based on a multayer absorbedetector assembly of
shashlyk type.

Expansion days of phase spaéeaticle registration in the frontegion (pseudo velocity region
| d| , when 2he TPC track efficiey decreases, EndCap Tracker (ECT) system based on
proportional straw tubes, cathodeadout proportional chamberand GEMbased detectors
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shouldbe provided. Track systems (EC&)ould be placed on both ends of MPD directly behind
the TPC reading chamize To dentify particles, in the range of anglesd | time-dif-flight
systemand electromagnetic calorimeters that are similar to thosgstemsn the cylindrical part

of MPD are supposed to be used.

Fast forward detectors (FFD) and forward hadoatorimeters (FHCal) are used to detect
particles emitted at very small anglés, 2 < . Thesg detectos are used in the trigger to
determine the centrality of the collision and reconstruct the interactioh g@othe nuclei in the
beam.

Thus, in theconsidered MPD structure it is possible to distinguish three region with a distinctive
met hod and accuracy of measurement: the cent
the particle momentum is measured quite rougdpyP ~ 4- 10% andhe r egi on 2 <
where the integral pararnegs of the event are measured.

To optimizethe facility construction and stattp time,it is reasonable to establish it in severa
stages. At the first stage (@Bic configuration of the NICA complex") thHellowing subsystems

are established: TPC, TOF cylindrical part, FD, FHCal and ECal cylindrical part. In this
configuration, the facility can effectively identify secondary particles and measure their
momentum inthegaideov el oci ty range | d | < 1, 2.

The internal tracking system, the front tracking system including Straw and CPC, as well as the
end TOF and ECal are included in the next std§ll configuration of the NICA complex”.

3.4. MPD data acquisition sysm

The main function of the data acquisitiand processing system (DAQ) is to receive data from the
detectors of the facility, their primary pr@seng, event reconstruction aretording events in the
intermediate disk storage.

Basic parameters of the DAQ system:
1 channel capacity from the deters is about 4 TB/s;
1 channel capacity of the input channels of the processors of the first level is about
1.6TB/s;
1 channel capacity of the DAQ technology network is 1.6 TB/s;
1 number of computing nodés50 (1600 computing cores);

1 the capacity of théntermediate disk storage for 24 hours is determinetheymaximum
data acquisition rate (7 kHz) and is about 600 TB

The data readut electronics of the MPD facility is connected to the network equipment, which
will be installed on a special mobile giam. The mobile platform is connected to the computer
cluster DAQ via optical communication lines. The core of technology network providing
uninterrupted operation and monitoring of the entire MPD facility will be located in building 1A.
The power consuntipn of the installed equipment will be 100 kW.

3.5. MPD detector control panel

To monitor and control the operation of the MPD detector, it is necessary to have a remote control
(hall) of the detector and a control room that provides the functiotieed#iPD data taking and
monitoring system.
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The control room has an area of at least 150 square meters, equipped with workstations, necessar
computer equipment, and information monitassociated with the data acquisition system and
the local computer akter of the facility.

To ensure troubléree operation of the detector control panel, 30 kW of power is required to
ensure uninterrupted power supply to all elements.

3.6.MPD test area and test channel

An MPD test channel is developed for R&D aedting of fultscale prototypes of MPD detector
subsystems. The test channel uses direct beams of protons, deuterons and carbon nucle
accelerated in Nuclotron to energies in the range-8f@GeV/n. To study the response of the
detector under study at thfent conditions for charged particles to pass through it, the test
channel must include a trigger system based on scintillation counters, its own track system based
on proportional chambers with a twdmensional restoration of the particle entry pomtbithe
chamber. For track reconstruction, it is necessary to have at least three chaithisxgetecting

planes each. Information reading shoudddarried out by the DAQ systenvhich is the prototype of

the data readout system of the MPD detector. gositioning of the detector under study, a high
precision system of movement in 3 planes with an accuracy of at least 10 micrometerbghould
provided. The movement range along the aXeandY - 50 and20 cm, respectivelyFor time
measuements with araccuracy o20-30 psa modern synchronization system on the basi/bite

Rabbit is needed. Fdemperature stabilization, &lhe equipment on the beam is located in closed
clean houses installed on the channel of the Nuclotron amplifier in the exp&inhall of the

building 215. The control room of the facility is located in the experimental house, separated by
biological protection from the channels with the extracted beams.

3.7. Technological areas of MPD subsystems assembly
3.7.1Productionareas of TPC manufacture.

The manufacturing site of readout elements based on proportional chambers with pad readout is
located in the building 40, VBLHEP. The total area of production premises is about 460 m2. The
building is equipped with a common condliting system. Working areaat the sites are equipped

with HEPA filters,providingthe 5-6 class of purity.

3.7.2TPC assembly and test area

For TPC assemblyspecial conditions are geired. The area is established building 217 and
consists of 2 roos (48 m2 each) and hall (192 m2), where a clean room is mounted with a total area
of 80 nt. Purity class 7. The establishment of areas ftwat glass preparation, painting§glass with

a conductive paint, installation and asgly of modules, control of assembled GEM gas supply of a
test bench, clean room for assembfydetectors, gas storage andngwessor on a total area of 200

m?, andstorage space on an area of at least30 m

3.7.3MPD timeof-flight system assembly moction areas

As the main elements of the tiroé-flight system (TOF), multgap resistive plate chambers (MRPC)
were selected. To develop a system a production room with an area of about i30@quired. All
areas are equipped with air conditioningraintain a constant temperature and humidity.
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3.7.4ECal assembly site

The assembly area of the electromagnetic calorimeter sectors must be at leata®@0equipped
with a bridge crane with a capacity of 10 tons. To assemble and test m@zhdielements of the

calorimeter), it is necessary to have a production area of about 2Zﬁtﬁndrqoower consumption of
about 100 kW.

3.7.5.Technological areas for assembly and testing of sajoerture silicon detectors for
ITS

The manufacturing site of elememtwide-aperture tracking systems is established in building 216,
VBLHEP. The total area of production premises is about 173 m2. The premises are equipped with
separate air conditioning systemnsd air filtration with HEPA filters. The required electripaiwer is

180 kW.

3.7.6.0ther production areas

To assemble the setup and place it at the collider interaction point, a room with an area of at least 2000
m2 and a height of at least 18 m, including the assembly area and the area for operating tfse setup, i
required. The room must be equipped with industrial cranes, cryotjeas; systems of power
supply, cooling, water supply, fire detection and fire extinguishing, the systenowhg the setup
between zones.

Detector assembly is performed in the bliacca of the MPD pavilion of the collideromplex
building, through whichCollider beams pass. At the beginnig the assembly procedure, the
lodgment moving from the assembly area to the setup position on the beam is installed. On this
lodgment, the magmnesections (without both poles) are assembled and all internal detectors are
mounted. End caps are assembled on rail guides in the service area.

A summary volume of the MPD technical description is availabletgt://mpd.jinr.ru/doc/mpddr
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4. The BM@N facility

4.1. BM@N facility purpose

The purpose of the BM@N experiment is to study the interactions of relativistic heavy ion
beams with fixed targets. The physical program for the study of heavgolisions at the
BM@N facility includes the following aspects: investigation of the dynamics of reactions and the
study of the equation of state of nuclear matter, the study of the modification of the properties of
hadrons in nuclear matter, the produetimf (multi}-strange hyperons near the threshold and the
search for hypernuclei.

To interpret experimental data in collision processedieavy ions and to ensure the
normalization of the measured spectra obtained inntleeaction of nuclei, it is alsolgnned to
study el ement acy+r.e@d}) ons (t + to,

4.2. Main characteristics of the facility

The Nuclotron accelerator will provide the experiment with beams of particles from protons to
gold ions with kinetic energy in the range from 1 to 6 GeVieteon. The maximum kinetic
energy for ions with a charge-relative atomic mass (Z/A) ratio of 1/2 is 6 GeV per nucleon.

The maximum kinetic energy for heavy ions with a Z/A ratio of~1/3 is 4.5 GeV per nucleon. The
planned intensity of the beam of gadshs accelerated and accumulated in the Booster and

Nuclotron and transferred to the BM@N facility will be’i6ns per second. The extracted beam
of gold ions is expected in 2020.

The main elements of the facility (see Fig. 4.1) are described below.

SP-41
\ GEM  STR DCH-1,2 mRPC-2

\ I
BM J H( Z0C
Targetl\}: wl 1 JWH]W / }
pza LTl

Recoil

Fig. 4.1. Schematic view of the BM@N facility
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Analyzing magnet(PM CP41), which houses the central tracking system of the facility. To
achieve the required parameters in the experiments on the facility, the aperture of the magnet is
200x100 cm2, and the magnetic field reaches a maximum value of 1 T.

Central trackingsystem It is used to measure the parameters of trackaurieusnucleus
collisions. The central tracking system in the basic configuration consists of highly accurate
forward silicon microstrip detectors (ST) and charged particle detectors based oaréargms
electron multipliers (GEM). In the Starting configuration, this system should provide
reconstruction of tracks of charged particles with a resolutigrulse of 3% and half of the full
aperture of the facility, which will reliably isolate andv@stigate the decay of hyperons. In the
Ful I configuration, the Mmentral tracking sy
microstrip largeaperture track detectors to improve the pulse resolution by at least 2 times at
twice the aperture, which ilvensure the solution of the experimental tasks for the study of
hyperons, strange mesons, and hypernuclei.

External tracking systertinat provides the connection between the tracks measured in the central
tracking system and signals in tiroéflight detectors. In the Starting configuration, the external
track system includes large drift chambers (DCH) with a spatial resolution @b out 200
For registratiorof interactions of hegy nuclei in the Basic and Futionfigurations cathode strip
chambers will be used (CPL;2),they are able to separate tracks in multiple particle events of the
interactions of heavy nuclei up to gold.

A time-of-flight systemt hat serves to separate hadrons (°
up to several Gel in multiple particle eventshe timeof-flight system consists of a launch
detector (TO) mounted near the target (T) and two plahssulti-channel time detectors located

400 (mRPG1) and 700 (mRPQ) centimeters from the target for reliable identification of
charged particles with pulses up to 3 GeV/s and 5 GeV/s, respectively.

Detector of hadrons and nuclear fragtseat small angles to the bed#DC), which serves to
measurdhe centrality of the nucleusucleus interactions withn accuracy of about 10%.

Electromagnetic calorimeter (ECa$ designed to study the processes attmation of states
decayi ng\ ltirapresentsa twarm detector, which itocated between the central and
externaltracking detectors and temporarily shifts closer to the beam dieiigita taking.

To register the reactions of different topologiastrigger system of the facwitis used, it can
include two or more levels of decisiomaking to record events.

A data acquisition systems used to synchronize the readout of various detectors, generate and
record a single nuclearuclear interaction event, and monitor the operatibthe facility. This

system consists of readout electronics, synchronization systems, computer cluster and computel
technological network of the facility.

The facility uses a unified system for monitoring its parameters and recording them into the
database

The experimental zone of the facility includes an analyzing magnet, corrective magnets, a beam
tube to the target and along the entire facility from the target, as well as power supply and
infrastructure elements.
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The technical parameters of the BM@N facility are given in Tdldle

Table 4.1.
The technical parameters of the BM@N facility

Facility configuration

Starting (20162018)

Basic (2020)

Full (2022 and later)

Types of beam ions d(y), C, p-Au p-Au

Kinetic ZIA~1/2 2,37 4,6 1-6 1-6

beam ZIA~1/3 1-4.5 1-4.5

energy

(GeV/n)

Beam intensity (Hz) 2130 up to 16 up t6& 51
Frequency of data 5K 10K 50K

reception (Hz)

Configuration of the
central tracking systen

3 planes of front
silicon detectors

3 planes of front
silicon detectors

3 planes of front silicor|
detectors +4

+ 6 planes + 7 full planes Planes of silicon
GEM detectors (1/2 GEM detectors detectors of large
areas) apertures + 7 planes
GEM detectors
Pulse resolution 3 2.5 15
(%) in pulse interval
0.54 GeV/s
Pulse area of identifieq 0.52.5 0.53 0.53.5
particles
"Ikl p (G
Reconstruction of S s, 2 s, ,%He
hyperons

The control room of the experiment is located in building 205 in the immediate vicinity of the
facility beyondthe biological protection. Vacuum, ion beam pipe inside the experimental zone of
BM@N maintains a vacuum of at least®D and has a minimum amount of substance from the
target to the external tracking detectors. The shdptheoion beam pipe follows thbeam
trajectory in the magnetic field of the analyzing magnet. Correcting magnets and beam
profilometers are used to adjust the beam to the target of the experiment.

At the first stage("Starting configwation of the NICA Complex"the structureof the facility
consists of the central tracking system ST or GEM detectihvl),covers dalf of the facility
aperture,large drift chambexr external tracking systeminte-of-flight system, detectors ZDC,
ECal, the trigger system and data acquisition systeat enables the facility to operate in this
configuration. In this configuration, the experimental area of the BM@N facility is surrounded by
biohazard of concrete blocks.

At the stage, "Basiconfigurationof the NICA Complex”, the central tracking systevill be
supplementeddy sich number of Saind GEM so that to overlap maximum possible facility
aperture, and elementd the system of silicon micrstrip lage aperture tracking detectors,
external trackig system, cathodstrip chambers CRC,2. In ths configuration, the biological
protection of the facility includes an additional concrete ceiling.

At the stage of Projectconfiguration of the NICA Complex", the design configuration of
silicon microstrip large aperture track detectwii$ be includedin the central tracking system; the
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data acquisition system of the facility for receiving petabyte volumes of experimental data will be
significantly expanded and upgraded.
The BM@N facility is located in building 205 of the LHEP site (see Fig. 2). Thal tatea

occupied by the facility is 562 nthe area of production and auxiliary premises is 140Time
energy consumption of detectors is 165 kW.

A summary volume of the BM@N technical description is available at:
http://bmnshift.jinr.ru/wiki/doku.php?id=bmn_tdr_reports
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5. The SPD facility
5.1. SPD facility purpose

The SPD facility is designed to study the spin structure of nucleons and other
polarization and spin effects. Collisions of polarized (longitudinally and transversely) protons and
deuterons with high luminosity (up to *@m?s 1) at the NICA collider provide an opportunity
to study a wide variety of spin and polarizatependeneffects in hadro-hadron collisions,
including:

1 reactions with the production of Dreflan lepton pairs;

1 processes with the production of direct photons;

1 extraction of unexplored (poorly known) parton distribution functions from reactions with
theproduat on of J/ y;

spin effects in reactions with the production of baryons, mesons and photons;
spindependent effects in exclusive reactions;

diffraction processes;

crosssections, helicity amplitudes and double spin asymmetries in elastic reactions;
guarkoniumspectroscopy.

= =4 =4 -4 -9

5.2. Main characteristics of the facility

The above mentioned physical taskguire measurements other thansssections of different
reactions, asymmetries and crasstion relations. This requiredetecting charged and neutral
particles with high efficiency(over 99%) to minimize systematic untenties and background
effects (especially for asymmetries), and the measuremenputes of these particles with
relative accuracy of at least®%. For the maximum value of pulse$ colliding protons and/or
deuterons, which is eql to 13.5 GeV/s, the range wieasured pulses of secondary parsigte
0.0510 GeV/s, the speed upto 2,7, wilka ngul ar acceptance cl ose t

Based on the design aspects of the experimental halhancbtlider, the SPD can have a length
of up to 9.2 m and a diameter of up to 6.8 m. A general layout of thef&Hily is shown in Fig.
5.1.

The SPD facility consists of three parts: two end and a central one. This design provides
convenient access its elements, makes it relatively easy to upgrade and modernize the facility
for future task.

Each part of the facility has an individual
part is a toroidal magnet. This type of magnetic systeroh@sen in order to minimize the
influence of the magnetiitelds on collider beams near the colliding point. In this case, it will not
affect the spins of colliding protons (deuterons) and the reconstruction of direct tracks of charged
particles in the veéex detetor will be the most accurate.

The vertex detector (VD) is based on the most advanced silicon detectors at the time of selection.
The required spatial resolution of the tratiould be at least 50 microns.
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Tor magret

Fig. 5.1. General layout of SPD faagjlit

The tracker (TR) is planned to be based on strtdgs with a diameter of 10 mnvhich will be
laid in overlapping layers in order to get the maximefficiency of registration of charged
particle tracks.The required track resolutioof the tracker is Q0 microns. The efficiency of
registrationof charged patrticle tracks is close to 100%.

The basic requirements for the particle ifgation system (PID) consist ireliable separation of
"/ K and p érarge upio 10 Ge¥. D@tactistsould wak with loads of up to several
kHz/cn?. Based on the experience AEICE, HARP, STAR, PHENIX experimentsnulti-gap
resistive plate chambers (MRPC) can be used in this systenddrification of highenergy
particles (with momentum high&r GeV/s) othertypes of detectors, such as aerogel Qfiare
counters will be required.

The electromagnetic calorimeter (ECal) is designed to measure the energy and identify photons
and electrons (positrons) in the energy range from 50 MeN) tGeV, with an energy relsion

not worse than 10 %/ @aE, with a transverse mo
than 0.5 ns. It should operate in the magnetic field and with thetéonygstability of the main
parameters of the or de racaofimetdrirdde cahbea calarimeten t vy |
moduleKOPIO, which consists of alternating layers of lead and scintillator of small thickness, for
exanple, of 220 layers of sdifflator (1.5 mm) and lead (0.8i1m). Such modules are packed in
groups of 4 into &tower" that has a transverseeof1 11 11 ¢ m

The range (muon) syan (RS) of SPD is designed for:
1 identification of muonsn the pulserange 0.510 GeV/swith the efficiency not less than
95%;
1 hadron energy measurements (coarse hadron calorimetrya vatolution of about
100 %/ aE;
1 identification of neutrons with an efficiency of at least 90%.

The identification of muons is performed via pattern recognition and matching of the track
segments in the RS to the tracks in the trackehe facility detectors. Mindrift tubes and layers
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of metal (iron) are used as the main components of this system. Layers of iron + mini drift tubes
of different sizes for the barrel and end parts of the facility should-4é& #uclear interaction
lengths. In this case, the muon makes a signal in almost all layers of the system, and the hadron
only in the first 23 layers. This system is created by analogy with the same system of the
PANDA experiment.

The necessary technical elements and subsystertiseftacility are listed below:

1 magnetic systems with power supplies and cryogenic subsystem;

1 vertex detector with high voltage and low voltagewer supply,cooling subsystem of

silicone detectors and electronics;
1 tracker with highvoltage and lowvoltagepower supply and gas system;
1 particle identification system with higipltage and lowvoltage power supply and gas
system;

1 electromagnetic calorimeter with higtoltage and lowvoltage power supplygas system,
system of thermal stabilization systeflasercalibration/monitoring of module status;
range system with higholtage and lowvoltage power supply and gas system;
tagging system with highkioltage and lowvoltage power supply,
the system of local polarimetry with high voltaaed low voltaggowersupply;
data acquisition system with lewoltage power supply and cooling system; thystem
provides the synchronization of data readout from different detectors, formation and
recording of a single event in casdrmeraction and monitoring of tHacility operation it
includes readout electronics, synchronization system, computer cluster and computer
technological network of the facility; for the latter, a special mode of "communication”
with external computer networks is implemented,;
1 computer dlister, which will run the data acquisition system, the system dinen

monitoring of all facility systems, and the system of their slow control.

= =4 4 A

The SPD facility is located in the SPD room of the LHEP site (see Fig. 2), which must meet the
above mentiondrequirements.

To assemble the facility and place it at the collider interaction point, a room with an area of at

least 2000 rhand a height of at least 18 m, including the assembly area and the area for operating
the setup, is required.

The room must bequipped with industrial cranes, cryogenic lines, power supply systems,
cooling, water supply, fire detection and fire extinguishing, facility displacement dysteren
zones.

The weight of the facility no more than 2000 ton§he power consumption tifie facility is
1.1 MW.

5.3. Testing zone

To test prototypes of SPD detectors in beams of different particles, it is necessary to establish a
testing zone in building 205 for extracted Nuclotron beams (Fig. 5.2)

The lowenergy channel (MARUSYA facility) should provide beams of particles with the
momentum up to 1 GeV, and higimergy one up to 10 GeV. Both spectrometric channels are
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located in the area of one of the focuses of the beams extracted from Nuclo&gach ichannel,
spatial registration, identificatiomnd tagging of each particle passing through the test detector
assumedprovided that the data acquisition system (DAQ) of the facility and the test detector or
element of the data acquisition systara coupled.

The starting configuration of the test zone includes the target patharidwenergy channel
based on the upgraded MARUSYA facility and a hegtergy channel is added to its Full
configuration.

Fig. 5.2. The test zone will include the uaded and modernized magnetic spectrometer
MARUSYA and a high momentum channel (HMC).

The SPD facility will be put into operation at the stage B@ll' configuration of the NICA
compleX.

The summary volume of the terms of reference for the development of the SPD facility and the
test zone is given atttp://spd.jinr.ru/doku.php?id=documents
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