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FJ_INR Veksler-Baldin Laboratory
of High Energy Physics:
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Existing JINR facility: Nuclotron
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7/ replaced the Synchrophasotron — 10 GeV proton

SYNCHROPHASOTRON synchrotron that was under operation since 1957
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Nuclotron is based on the
unique technology of fast-
cycled superconducting
magnets that was
proposed and realized at
the laboratory
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Nuclotron: status 2007

HMuclotron
’ Pararm eter/System {availlable)
in 2007
‘ The heawiest accelerated 1ons:
®  IMMass, A 56 (iron)
®*  Charged state, g 24

Dipole magnetic field T
®*  Mamimum tested in the ring 1.5
& More frequently operation 1.2 (up to)
Magnetic field ramp, Tis
*  Tuclotron project 2.0 (up to)
*  Mamimum operating 1.0
Wacuum in the ring (averaged), Torr ~2107

EF acceleration:
®  PMumber of the BF stations 2 _ _
®*  Particle capture scheme not1-adiabatic

Beatn extraction:
& DIaw beam energy, GeVin 2.2

® Electrostatic septa voltage, 120
15 100

*  Spll duration (minimum), 10
mks

* Sl duration (mamimuim), s
Eeam intensities, (part. per cvclel:

®  TProtons, deuterons ~3.5-1010
*  Heavy ions (4 ~ 200) not E}?Vfiila;:-le
®  TPolanzed deuterons ~10°-10
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‘NUCLOTRON-M"
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. The project “Nuclotron-M” is considered as the first subproject (SP1) of the JINR future
‘ project NICA/MPD ( Nuclotron-based lon Collider fAcility and Mixed Phase Detector).
L1 The NICA/MPD facility is aimed at investigation of the mixed phase formation in strongly

interacting nuclear matter at extremely high baryon densities and polarization phenomena in
few-body nucleon systems.

. The extension of JINR research capabilities for generation of intense heavy ion and high
intensity light polarized nuclear beams, including design and construction of heavy ion
collider aimed at reaching the collision energies of Vs, = 4+9 GeV and average luminosity of
1-10%” cm-—?s-,

. Different schemes of the NICA were considered by the present time. It was shown, the NICA
specified parameters (average luminosity, c.m. collision energy, atomic mass range) can be
reached.

. The main parts of the project are the following:

development, modernization and improvement of the Nuclotron systems,
design and construction of heavy ion injector,

design and construction of heavy ion booster synchrotron and

design and construction of the collider rings.
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Nuclotron: status and future.-deve

HMuclotron “Huclotron-W™
Param eter/System {available) {project goal s) Comm ents
in 2007 2008-2010

The heawiest accelerated ions: "acceleration of gold

®*  TNlass, A 56 {iron) 238 furaniumy” iU_Ils (3219_3, g 7 65)

®  Charged state, g 24 will be realized first
Dipole mnagnetic field T 212 T at the test

*  Maximum tested in the ring | 1.2 2.0 bench before

*  More frequently operation 1.2 {up to) 2.0 installation in the nng
MMagnetic field ramp, Tis 4.0 T/s at test bench

*  Tuclotron project 2.0 (up to) 12-15 before installation in

*  Mlamimum operating 1.0 12-15 the ring
YWacuum in the ring (averaged), Torr 210 ~5-10" I concentration at

T =200 E equivalent

EF acceleration: “hetter efficiency of

® IMumber of the RF stations 2 3 capture (by afactor of

®* Particle capture scheme non-adiabatic | adiabatic’ twr o)
Beatn extraction:

® Max beam energy, GeVi 2.2 & (g A=0.3)

® Electrostatic septa voltage, 120 200

3 100 -
*  Spll duration (minimum), 10 ~2.5:10° single bunch
mks

®* Spall duration (meamimum), s
Beam intensities, (part. per cycle): minimization of the

®  Protons, deuterons -3 5.1pl0 ~1-1011 lozses, developtnent of

*  Heavy ions (A ~ 2007 not avalable ~107 the 1on source EEIOM,

* Dolarized deuterons ~107- 108 ~ 100 new polarized ion

SOUCE
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The main goal of the NICA project is an experimental study of

hot and dense nuclear matter

Thoese cozls 2sfa orfroggogsde o @92 racenac 19V
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B

Ll design and construction of heavy ion collider with maximum
collision energy of Vs, = 9 GeV and average luminosity
10%”cm= st (for U%*), and polarized proton beams with energy
Vs ~ 27 GeV and average luminosity > 1030 cm=2 s;

| design and construction of the MultiPurpose Detector (MPD).
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" - Layout of the NICA/MPD (2007 )
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Subproject SP1.1 “Design and construction of highly charged state heavy

ion source based on the “KRION” technology”
(leaders: E.E. Donets and E.D.Donets )

Construction and test of the new ion source with 6 T solenoid
within the coming two years is the main goal of the SP1.1.

The new important feature of the source is capability of operation at high
pulse repetition rate in the case of production heavy ions at intermediate
charged states, was considered.




arameter of a KRION-type source 1s a factor jt - product of electron current density and
he jt Value depends in particular, on the apphed extemal magnetlc field. The maximum
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Fig. 2. lonization capability (left plot) and experimental results from the ion source KRION-2 on
generation of highly charged state gold ions.

1.Design and construction of the new electron-string highly-charged state heavy ion source KRION-6T aimed at
generation of heavy ion beams with /A up to 0.33 (for example Au65+ + Au69+).

2.Study of the electron string phenomenon at different conditions in the source working volume ( magnetic field
range up to 6 T, energy of electron beam up to 25 keV). Development and optimization of heavy atoms injection
into the string and ion-ion cooling process. The further investigation of tubular electron-string ion source
3.Preparation of the existing source KRION-2 to the next run at the Nuclotron aimed at acceleration of the ion

beams over atomic mass range of A ~ 100




DUBNA
The existing complex will
be used for protons, existing injector chain |

deuterons, polarized
deuterons and light ions

(Z/A>0.3). LU-20: 5 MeV/u

.

*Design and construction work on heavy ion pre-accelerator chain with
injection and extraction beam lines

1) | KRION (3T) | D%,_gMV) - zaso03)
The new heavy ion source :
KRION-6T, upgrade of 2) [KRION (6 T) fy — - -
pre-accelerators and L BOOSTER
improvement of vacuum in B LINAC N
LU-20 and injection line is 3)| KRION (12T) L] U(304), 5-6 MeViu

supposed within the
project “Nuclotron-M”.
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DUBNA

Design and construction of high intensity polarized deuterons
and protons ion source.”

e |
The main direction of work aimed at increase of polarized beam intensity at the Nuclotron is connected
with the design and construction of the new high current polarized ion source (IPSN) based on the
equipment of CIPIOS polarized proton and deuteron ion source from Bloomington The work is carried
out in collaboration with INR (Troitsk). The ion source equipment (not completed) was transported to

Dubna from IUCF (Indiana University, Bloomington, USA). Some parts of a suitable equipment for the
new source were presented from DAPNIA (Saclay).

See presentation

by V.Fimushkin at

this workshop for
more details
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S
Scheme of the NICA (CDR, January 2008 )

=

Injector: 2x10° ions/pulse of 238y32+
at energy 6 MeV/u

2(3?) single-turn injections,
storage of 3.2x10°,
acceleration up to 50 MeV/y,
electron cooling,

acceleration
up to 400 MeV/u

- 238092+ (B2
P — \
~

Nuclotron (45 Tm)
injection of one bunch
of 1.1x10° ions,
acceleration up to
3.5 GeV/u max.

Collider (45 Tm)

Two
superconducting
collider rings

2x15 injection
cycles
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Joint Ins Nucleic'lr'
Research —

Instim\luclear Research
Russian Academy of Science

Institute for Hﬂ Enggy Physics,

Protvino

Budker Institute of Nuclear
Physics, Novosibirsk

MoU with FAIR is under preparation

Design and Construction of
Nuclotron-based Ion Collider fAcility (NICA)

Conceptual Design Report

Dubna 2008

A.Kovalenko, SYMMETRIES AND SPIN, Praha, July 20-26, 2008




The NICA Projec

Start prototyping of the MPD and NICA elements

- Design and Construction of NICA and MPD
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The NICA/MPD (2008 )

NEW REALITY:

request for 4 collision points

more space is needed
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The NICA/MPD (2008 )

NEW REALITY:

request for 4 collision points

more space is needed

e SOLUTION?:
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The NICA/MPD (2008 )

NEW REALITY:

request for 4 collision points

more space is needed
-+ SOLUTION?:
—

build the

collider facility
INn the new

to find feasible

option of the collider
rings for the existing
building?

tunnel?
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The necessary
space Is available
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el

feasible option of the collider rings for

4 the existing building?
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Superconducting 4.2 T dipoles are necessary
for the collider rings, i.e. R&D.
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Our Laboratory has a long term
experience in a superferric 2 T
magnets design and operation
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EATRSEACIYeIrAntiproton and lon Research
o

fast cycled SC magnets

Synchrotrons
SIS 100/300

provides ion and anti-matter
beams of highest-intensity and

http://www.gsi.de/fair/ up to high energies
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e =
Nuclotron Dipole — prototype of the FAIR SIS100 magnet

Superferric design (window frame type)
Maximum magnetic field: 2 T

Hollow superconducting cable
Two-phase helium cooling
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FAIR
SIS100
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Progress in thé Design of a Fast- Cycling Cosé)-style Dipol
4 . Based on High Current Hollow Superconducting Cable

i H. Khodzhibagiran®, P. Akishin®, A. Alfeev*, V. Bartenev*, &. Butenko®, E. Fischer**, &. Kovalenko*, G. Kuznetsov*, V. Mikhaylov*, P* Hikitaev

*Laborztory of High Erergies, Joint lnstitete BrNuclear Researck, Dubne, Ruwssia; ™Gesellschalt fuer Schweronenforschung abl, Darnstadt, Germany
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Realization of the NICA project at JINR will make it possible to
obtain the unique data on the interaction of both as heavy ion
and light polarized nuclear beams. The FAIR CBM at SIS300 and
MPD at NICA are complementary facilities.
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