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1. Introduction 

In 2006, the scientific program of the Veksler and Baldin Laboratory of High 
Energies (VBLHE) of the Joint Institute for Nuclear Research (JINR), similar to the 
previous years, was concentrated on Relativistic Nuclear Physics [1-8]. 

This report presents the some new results obtained at VBLHE in 2006 and the 
research program for the next three years. 

The most part of VBLHE research is performed on the own accelerator complex 
on the basis of the superconducting accelerator Nuclotron . 

The VBLHE has international scientific co-operation with CERN, many physics 
centers in Russia, JINR member states, physics centers in the US, Germany, France, 
Japan, and other countries. 

2. Some new physics results obtained at the VBLHE accelerator 
complex in 2006 

1]-Nuclei project (S.V.Afanasev -JINR, G.A.Sokol- FIAN) 

The studies on the existence of 11-nuclei continued within the framework of the 
project on deuteron-nucleus interactions [9]. 
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The distributions of the yields of 
nucleon pair are shown in Fig. 1 
(a,b) versus MelT pf these pairs in 
deuteron-carbon interactions at I .5 
A·GeV. The histogram in Fig. 1 (b) 
shows the data obtained at an arm 
angle of 170°. Figure 1 (a) 
corresponds to the back-to-back 
correlation coming from the two
body decay. The histogram in Fig. 1 
(c) is the (180°) and the data 
measurements. 

The ratio of. the numbers of 
nucleon pairs was N{170°}/N{180°) 
= 0.42 ± 0.08(stat) in the mass region 
1450 < MelT< 1550 MeV/c2

• It is 
possible to see a small peak in this 
mass region which can possibly be 
preliminary interpreted as formation 
of 11-nuclei. 

Fig. I. Effective mass distributions in dA reaction at 1.5 A·GeV. 
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New data were collected in October 2006. They include 105 pairs coming 
from the target in d+Cu and d+C reactions at primary beam energies of 1.5AGeV 

. and 1.9 AGeV. This data are being analyzed. 

MARUSY A setup (A.A.Baldin) 

The adjustment of the MARUSYA setup was carried out during the last run of 
·the Nuclotron. The spectra of pions, protons and deuterons were obtained. 

The particle identification is provide'd via time-of-flight measurements, ~E
. TOF analysis, and fast particle rejection by Cerenkov counters, momentum 
measurements by means of multi wire proportional chambers. 

Figure 2 shows the proton and pion time-of-flight spectra for three modes of 
operation of the spectrometer obtained in 2006 in the reaction C+Cu. 

Nuclotron run MARUSYA 
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Fig. 2. Time-of-flight spectra of protons and pions obtained in the reaction C+Cu for 
three momenta of the registered particles. 
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Light Nuclei Structure LNS project (Light Nuclei Structure) (V.P.Ladygin) 

The preliminary results on the differential cross section for the dp-elastic 
scattering at 500 and 550 MeV measured at the Internal Target Station (ITS) at 
Nuclotron in March 2005 are presented in Fig. 3. 

•... ~.---,.- ....... ..-----..-~ 
10.00 °o d+p elastic d+p elastic 

,.., 5.00 °0 E4 -500 HeV ,.., • E4 •550 HeV .: 
k 0 ~ • 

{ 00 ' • • 
,Q 1.00 ° .g • A ~ \ . £ ~ 
~ o•e. .no ~ ;.. _... • 
'- ·oot.... r:t' '- • •. ..-
b 0.10 ~·{.0 ~ 0.10 .... _ •• 
~ 0.05 0.05 ••••• 

N -..0.22 
0.011 I I I I 0.011 I I I 

0 50 100 150 0 50 100 150 
8- [deg] 8= [deg] 

Fig 3. Differential cross section for the dp- elastic scattering measured (solid circles) 
at Nuclotron and (open circles) at R~NP at 500 MeV and 550 MeV of the deuteron 
energy. 

These data were obtained in the framework of JINR-CNS (Japan) collaboration 
using the Japanese detection system. The shape of the cross section at 500 MeV 
obtained at the Internal Target Station (ITS) at Nuclotron is in good agreement with 
the RCNP data, at other energies the reasonable behavior (data without 
normalization) of the cross section is observed. The polarimeter based on dp-elastic 
scattering at 270 MeV was used during the June 2006 run of the Nuclotron. The 
results on measurements of the beam polarization are in good agreement with the 
results given by the low-energy polarimeter at the. exit of LIN A C. The latest results of 
LNS collaborations are published in [10, 11]. 

PHe3 project_(V.P.Ladygin- JINR, T.Uesaka- CNS, Japan) 

The PHe3 collaboration in 2006 concentrated on the. analysis of the data for 
deuteron beam polarimetry and on the preparation of the detectors. 
The preliminary results on the behavior of the vector Ay and tensor Ayy analyzing 
powers of dp-elastic scattering at 880 MeV and 2000 MeV are presented in Figs. 4 
and 5, respectively. The polarization effects are large enough to provide the efficient 
polarimetry of high energy deuterons. It should be noted that the effect for CH2 at 
2000 MeV is also large, which simplifies the polarimetry at this energy. The curves in 
Fig. 5 are the results of the theoretical calculations using the CD-Bonn nucleon-
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nucleon potential and recent results of partial-wave analysis for nucleon-nucleon data. 
The theoretical work on interpretation of the data is in progress. 
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Fig. 4. Vector Ay and tensor Ayy analyzing powers of dp- elastic scattering at 880 
MeV. The curves are the calculations using CD-Bonn nucleon-nucleon potential. 

The analysis of the data on the perfonnance of the internal target position monitor 
was finished, the corresponding paper was submitted for publication [8]. Methodical 
investigations of the detectors, DAQ for experiment at ITS continued [9].The work on 
the production of the registration electronics continued in 2006 as well. 
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Fig. 5. Vector Ay and tensor Ayy analyzing powers of dp- elastic scattering at 2000 
MeV. The solid circles are the data obtained at Nuclotron, open circles are the data 
lrc>m AGS, open squares are the data obtained for CH2. 
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Observation of exotic S = -2, -1, 0, 1 multiquark states with A- hyperon and K0
5-

meson systems in pA collisions at 10 GeV/c_( P.Zh.Aslanyan) 

The experimental data from the 2 meter propane bubble chamber were analyzed 
for exotic baryon states search. A number of very important peculiarities were found 
in the effective mass spectra [12, 13]. 

The experimental A ht+ ratio in the pC reaction is approximately two times larger 
than this ratio from pp reactions or from pC reactions simulated by FRITIOF model 
at the same energy. 

(A7t). -specrum . The :E•+(1385)~A7t+ resonance from PDG with similar decay 
properties is registered as the test for this method . 

(Ap)- spectrum. Narrow resonance-like peaks were found in spectra in the mass 
region of2100, 2180,2225,2285,2353 and 2650 MeV/c2

• The peak of2180 MeV/c2 

agrees with the peak from reports ofFOPI collaboration. D.Grzonka, T. Yamazaki, Y . 
Akaishi, P. Kienle at the ECT* workshop (Trento, June 22, 2006) evaluated this 
result as one of premature experiments. 

(App) -spectrum. There are significant enhancements in the mass region of 
3138(6.1 S.D.).This peak agrees with the registered peak from reports of the E471 
experiment, PS, KEK. 

S=-2 H dibarvons A few events detected on the photographs of the propane 
bubble chamber exposed to a 10 GeV/c proton beam, were interpreted as S = - 2 
light( <MM) H0 and heavy HO+ by we,ak decay channels of :E"p,A7t0p, A7t-p, :E+ p7t· and 
K"pp. 

(K0s p) and fK0s A) spectra. The recent observation of narrow, prominent exotic 
pentaquark baryons · from antidecouplet has stirred up new interest in hadron 
spectroscopy. The e+ ~ (K0s. p) effective mass distributions show resonance 
structures with M0 =1487, 1540, 1613, 1690, 1750, 1821 and 1980 MeV/c2. The 
results of this experiment Me=1540 MeV/c2, re=9.2 MeV/c2 agree with Me and r 0 

from PDG-2004. This report for e+ has been cited approximately 100 times. The 
significant enhancements was obtained for (K0s A) invariant· mass spectrum in the 
region of 1750 and 1795 MeV/c2 

• These reports were given high appreciation by P. 
Palazzi, A.A. Arkhipov, D.Akers because these data confonned the predictions of M . 
H. Mac Gregor andY. Nambu. -

G 1t± spectra. The scalar mesons have vacuum quantuni numbers and are crucial 
for a full understanding of the symmetry breaking mechanisms in QCD. There are no 
such mechanisms to suppress the decay cr0(600)~1t+1t- or K(~OO)~K1t. K0

51t± spectra 
have significant enhancement in the mass range of 890 Mev/c2(K (892) from PDG). 
The same invariant mass spectrum ofK0s~ demonstrated peaks in the mass range 
of720(>4:1 S.D), 780 MeV/c2 (>2.5 S.D.) and width r>29 MeV/c2, r <:Z 12 MeV/c2

, 

respectively. 
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FAZA setup (V.A.Karnaukhov) 

The new series of experiments on the study of phase transitions of nuclear matter 
of liquid-gas and liquid-fog types began at Nuclotron using the upgraded setup 
FAZA-3. 

The experiments are performed using the 47t FAZA-3 setup, which differs from 
the previous installation FAZA-2 by the new detector module. It contains 25 tightly 
packed friend for friend dElE telescopes for registration of charged particles. Each 
telescope consists of cylindrical ionization chambers with a diameter and a thickness 
of 50 mm. Anodes are made from golden wire with a diameter of 0.5 mm. Behind the 
chamber Si(Au) detector for measurement of the total energy of fragments is located. 
Its thickness is 700 Jlm. This module forms the trigger part of the FAZA-3 detector 
with five-fold telescope inherited from FAZA-2. The telescope module without 
electronics is shown in Fig. 6. 

Fig. 6. Telescope module without electronics on one of twelve flanges 
of the installation FAZA. 

BECQUEREL project (P.I.Zarubin) 

For the first time at irradiation of emulsions by nuclear beams of the Nuclotron 
neutron-deficit isotope of carbon 10C and 9C were enriched. The views of the 
amplitude spectra of secondary nuclear beams from scintillation detectors in this 
experiment are shown in Figs. 7 and 8. It is possible to see nice peaks from 8B, 9C, 
3He, 7Be, 10C ions. 

The obtained information is analyzed now. The results of previous runs of the 
Nuclotron are presented in [14-17]. 

8 

Fig. 7. The view of the amplitude spectra of secondary 8B and 9C nuclear beams from 
the scintillation detectors (BECQUEREL experiment). 

Fig. 8. The view of the amplitude spectra of secondary 3He, 7Be and 10C nuclear 
beams from the scintillation detectors (BECQUEREL experiment). 
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CRYSTAL experiment (A.D.Kovalenko, A.M.Taratin) 

In the October 2006 Nuclotron run, investigations of parametric X-ray radiation of 
carbon nuclei in tungsten crystals continued. In the last year, such radiation was 
observed at the Nuclotron in silicon crystal [18]. Preliminary results with the tungsten 
crystal are shown in Fig. 9. In these figures, it is possible to see X-ray spectra 
generated by 2 GeV/u-carbon nuclei in W crystals. 
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Fig. 9. X-ray spectra generated by 2 GeV/u-carbon nuclei in W crystals. The 
maximum Ey are due to parametric radiation of nuclei. 

ALICE TRD production (Yu.V. Zanevsky) 

Fig. 10. View of the super module ofTRD system of ALICE experiment. 
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For experiment ALICE at LHC (CERN) 60 chambers for Transition Radiation 
Detector (TRD) system were produced. The remained 20 chambers, according to the 
agreement, are at the stage of fabrication. The first super module containing TRD 
chambers was produced (Fig. IO) and ins~alled in ALICE setup (Fig. 11). 

Fig. 11.The super module of TRD system of ALICE experiment in the processes of 
installation. 

NA49 experiment (G.L.Melkumov) 

Main results of the Dubna group in 2006 [19-21]: 
1. Test run of the NA49 spectrometer on CERN SPS beam with reactivating the 

TPCs, recording events and testing new elements, the PSD (Projectile 
Spectator Detector) and GEM (Gas Electron Multiplication) detectors. 

2. Completion of the antiproton and proton data analysis and publication of the 
paper in Physical Review C73, 044910 (2006) on th~ "Energy and centrality 
dependence of antiproton and proton production and the 
antilambda/antiproton ratio in Pb+Pb collisions between ~OA GeV and 158A 
GeV" (Fig. 12). 

3. Final results on the transverse spectra for pions and kaons in Ph+ Ph collisions 
at 20, 30, 40, 80 and 158 A GeV. The data are in preparation f(lr publication. 

4. Contribution to a new project of the NA49-future for submission to th~· SPS<. '. 

11 



.2 
'! 1 
Q. 

OQ. 

-2 
10 

-4 
10 

• 

• • 
• 

• 

10 

.:> 

_J 

*~ 

• ·E802 
e ·NA49 
0 ·NA44 

* ·STAR 
¢ ·PHENIX 

10
2 

' 
"/SNN(GeV) 

Fig.12. The ratio of antiproton and proton production in Pb+Pb collisions as a 
function of projectile energy. 

The new project is prepared for the upgraded NA49 setup (Fig.13). The program 
of investigation of hadron production in collisions of nucleons and nuclei at CERN 
SPS is proposed. 
The main tasks of the project are as follows: 

measurement of hadron production in nucleus-nucleus collisions, in particular 
fluctuations and long range correlations, with the aim of identification of the 
properties of the onset of deconfinement and finding evidence for the critical 
point of strongly interacting matter, 
measurements of hadron production in proton-proton and proton-nucleus 
interactions needed as reference data for better understanding of nucleus-nucleus 
reactions; in particular correlations, fluctuation and high transverse momenta will 
be the focus of this study, 
measurement of hadron production in hadron-nucleus interactions needed for 
neutrino and cosmic-ray experiments. 

The experiments should be performed by the upgraded NA49 setup in the period 
2007-2011. 
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Fig. 13. Title page of the new project for NA49 setup at CERN SPS. 

PHENIX experiment at RHIC (BNL) (A.G.Litvinenko) < 

This October, the workshop devoted to the upgrade of the PHENIX setup was held 
in Prague. 

It was devoted to problems of the front calorimeter construction for PHENIX 
which will allow an increase in the field of studied phenomena and getting an answer 
to questions not only connected with nuclear interaction under high energy but also 
on questions about the proton structure. It is possible because RHIC can accelerate 
polarized protons. Physicists from America, Russia, JINR, Finland, South Korea, 
Czech Republic and Japan took part in the workshop. 
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In the first place, questions connected with construction of the prototype of the 
front calorimeter were discussed. The starting point was the results obtained on the 
fust prototype, which was made by L VE JINR, INP MSU and BNL physicists. This 
variant of the prototype was tested at the accelerator in Protvino and completely 
proved the choice of concepts of the detector and agreed with the result obtained by 
computer modeling. Concerning the participation of JINR physicists, it was proposed 
by the US colleagues that they not only participate in the development of electronics, 
semiconductor detectors and mechanical design, but also become the coordination 
center of all European institutes participatingjn construction of the calorimeter. This 
proposal emphasizes not only high estimation of the work the Dubna group but also 
JINR capabilities as a distinguished international center with high scientific potential. 

The physical results obtained in 2006 with participation of the Dubna group at 
PHENIX are presented in [22-26]. 

3. Development of the Nuclotron Accelerator Complex 

Annual running time of the Nuclotron in 2006 is expected on a level of 1300-1400 hours. 
The typical schedule of the annual Nuclotron operation includes three beam runs of 
about 700 hours each. The averaged cool down time of the accelerator 
superconducting magnetic system is about 100 hours. The reliability of the facility 
operation is kept on a level of 90%. More then 75% of the total beam time was used 
for physics and methodical research, while the beam time devoted to the accelerator 
R&D did not exceed 25% ofthe total time. The beams requested and ~rovided were 
as follows: p, d, 12C (primary beams) and 3 He, 7Be, 9Be, 8B, 9C, 1 C (secondary 
beams). The energy of the accelerated beams varied from 0.35 GeV/u to 2.2 GeV/u 
for nuclei and up to 5.7 GeV for protons. The experiments were performed by II 
collaborations of physicists using the extracted and internal Nuclotron beams. 

Fig. 14. General view of the new energy damp system unit. 
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Acceleration of the deuteron beam up to 4.32 GeV/u was also realized, however long 
safe operation of the accelerator magnetic system at the maximum design level cannot 
be guaranteed yet. The necessary upgrade of the power supply and quench detection 
system have been completed. The new improved unit for energy damp from the 
magnets in the case of quench (so-called "thyristor switch'') was designed, 
constructed and tested (Fig.14). It is necessary to produce and put into operation 
seven such units for both dipole and quafuupole power supply circuits. 

Providing polarized deuteron beams at the Nuclotron with intensities of up to 10 9 pps 

Acceleration and extraction of polarized deuterons was demonstrated with the ion 
source "Polaris"in 2003. The measurements of the beam polarization performed by 
three independent groups at internal and extracted beams in November gave the value 
of about 65 %. The June 2005 run was devoted mainly to the experiment with polarized 
deuterons at internal target in accordance with the request of LNS/pHe3 - collaboration. The 
maximum intensity of the polarized beam at Nuclotron is limited, by about 5·108 

particles per cycle due to low beam current available from the source and limited 
injection time (-8 !lS) to the Nuclotron. 

Fig. 15. General view of the CIPIOS polarized proton and deuteron source. 

The main direction of development for increasing the polarized beam intensity at 
the Nuclotron is connected with the use of the CIPIOS polarized proton and deuteron 
ion source from Bloomington (Fig. 15). The decision· was made by the JINR 
directorate and supported by the agreements with INR (Troitsk) and IUCF (Indiana 
University). The ion source equipment was prepared for shipping to Dubna by 
October 2004. Nevertheless, customs formalities are not completely finished up to 
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now. The preparatory work for the new equipment assembling and tests at LHE is 
carried out. Some parts of suitable equipment for the new polarized deuteron source 
were transported from DAPHNIA (Saclay) to Dubna. 

Extension ofheavv ion beams available for physics experiments. 

The ion species available for the Nuclotron users were extended to argon and iron 
nuclear beams. The road to heavier ion beams at the Nuclotron is connected first of 
all with adequate development of the KRION~'ion source (Fig. 16). The source was 
improved (electron string mode) and used at the Nuclotron for acceleration of N6

+, 

N7+, Ar !6+ and Fe24
+ ions in 2003. Further R&D work was connected with 

investigation the new possibility, namely, the design of the source with tubular 
electron string. The main R&D goal is to increase the ion intensity by an order of 
magnitude due to much larger number of electrons that can be stored within the 
working volume of the source. The necessary modification of the source was made 
and the series of experiments was carried out at a test bench during 2005 and 
partially in 2006. Computer simulations of the processes in "the ion source were also 
performed. The first tubular electron beam inside the source was observed. 

Fig.l6. General view of the KRION heavy ion source at the test bench. 

However, the first priority task for the ion source R&D formualted in 2006 
-was the-obtairiment of gold ions from the existing electron string version of the 
source. The ion source was rearranged back again to the electron string mode. The 
modification of the source systems aimed at achievement of highly charged Au
ions was performed. This R&D resulted in obtaining the first beams of gold ions 
from the source. 
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The scheme of the existing ion source and operation scenario is shown in fig.17. 
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Fig.l7. Schematic diagram of the electron string KRION source. 

The total stored electron charge and electron current density are determined by the 
peak magnetic field of the superconducting solenoid. This value is limited to 3 T for 
the existing one. The output ion pulse duration can be varied. It was chosen 
approximately equal to a single turn injection into the Nuclotron. Possibilities of 
further application of this type of the ion source within the framework of extension of 
available heavy ion beams up to uranium were studied. Some of the results are 
presented in Table 1. 

1 Table!. Expected parameters of uranium ion beams from the-KRION source 

. 
Ion charge state 

The source version & parameters UjlJ+ .. u4:~+ u))+ 

KRION2 Pulse repetition. Hz 50 . 5 1.6 
(3T rate f 

solenoid) ·Intensity Ions/pulse 10~ '· 7·108 6·108 

New source Pulse repetition Hz 250 27 4.5 
(6T. rate 

solenoid) Intensity Ions/pulse 8·109 3.5·109 3-109 

The construction of the ion source version with 6 T solenoid within the coming 
two years is feasible. The new important feature of the source, namely, the capability 
of operation at high pulse repetition rate in the case of production of heavy ions at 
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intermediate charge states, was considered. As one can see from the presented data, 
the intensity of (4-8)1010 U3

0+ ions per second can be obtained in the case of the 
source pulse repetition rate of 5-l 0 Hz. ( 6 T solenoid is assumed). 

Realization of acceleration heavy ions at the Nuclotron assumes further 
development of injector devices, including construction of the booster ring, 
improvement of vacuum in the ring, increase in the accelerator magnetic field ramp 
and RF accelerating voltage, development of beam diagnostic and control systems, 
upgrade of extraction system and beam transfer lines. The proposals were developed 
and presented within the new project "Nuclotron-M". 

Construction of prototype magnets for the booster ring 

TI1e new dipole magnet with a single-layer coil made of the new NbTi 
superconducting wire was designed and tested. The pulse repetition rate up to about 
6 Hz was achieved. The new results were obtained also in the design of a fast-cycling 
quadrupole; The model I 0 Hz - magnet was constructed based on the improved 
Nuclotron quadrupole. The front view of the magnet in the·cryostat and the coil cross 
section are presented in Fig. 18. As one can see, the number of turns in the coil is 
limited to only 2 per the yoke pole instead of 5 for the standard Nuclotron case. 

Fig.18. The new modellO Hz quadrupole. 

------The upgrade of the power supply and current leads were performed at magnet test 
facility. The tests in August 2006 demonstrated a possibility of operation at a current 
level of 12.1 kA and a current ramp of 120 kA/s. The obtained results are important 
for the Nuclotron fast-cycling booster design. 
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Increase in the efficiency and reliabilitv of the Nuclotron cryogenic supply system. 

Substantial work on repair of the main helium screw compressor was 
performed in 2006. The compressor is under operation since 1992. Serious 
problems with mechanical stability of the rotating parts ofthe compressor occurred 
in December 2005 and lead to the Nuclotron run break for the period till 
September 2006. 

4. Development of new superconducting magnets for fast cycling heavy
ion synchrotrons and beam transport channels. 

Superferric 1 Hz dipole and quadrupole magnets 

The work WaS performed within the R&D program on the design of the SIS I 00 
synchrotron at GSI in Darmstadt. The investigations of 2 T superferric 1.4 m model 
dipoles operating at 4 Tis, I Hz were completed. The main research goal, namely, 
the minimization of overall AC power losses in the magnet at 4 K level was reached. 
The AC losses were reduced by a factor of two for both dipole and quadrupole 
magnets. The new stage of the JINR/GSI collaborative work is the construction of the 
full length dipole (about 3m) and quadrupole (about 1.1 ~)with the SIS100 specified 
apertures. · 

The work is in progress. The results were presented at the EPAC'06 and ASC'06 
Conferences. The view ofthe new magnets inside cryostats is presented in Fig.19. 

Fig. 19. View of the SIS 100 prototype dipole and quadrupole magnets. 
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The magnet manufacturing technology is under development. In order to reduce 
the prototypes production cost it was proposed, in particular, to use precise laser 
cutting machine for manufacturing the magnet yoke lamination. It is extremely 
important in the case of the quadrupole yoke production, because of a very 
complicated profile (see Fig. 20 left ). The manufactured samples of the lamination 
sheets are shown in Fig. 20 (right). 

~------~1------~ ".J 

------1 I ..... 

Fig. 20. The SIS100 quadrupole lamination: (left)drawing and (right) 
manufactured lamination. 

It is proposed to use similar magnets (quadrupoles) for the beam transfer lines at 
the GSI FAIR facility. The same approach can be used also for the Nuclotron facility. 

Fast-ramped fast-cycling 4 T dipoles 

Superconducting (4-5) T dipoles based on a coil made of hollow Nuclotron-type 
cable can provide operation of the magnet at a magnetic field ramp of up to (2-3) T/s. 
Their main advantages are: 1) much higher cooling efficiency of the superconductor, 
and 2) much less" inductance of the magnet winding in comparison with traditional 
dipole based on classical Rutherford cable. The double-layer coil version of such 
magnet was considered. It was shown that the magnet supply current can be reduced 

. from 37 J(Ato.alx>ut 15-17 kA n this case. The new proposal makes the problem of 
design and construction of the 4 T dipole much more feasible. Manufacturing and 
tests of the cable, operating at 12 kA, were performed. 
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5. Preparation of the new project for the future Nuclotron development 

In accordance with the PAC decision, the project of the Nuclotron 
development, Nuclotron-M, was prepared and reported at the LHE Scientific 
Technical Council meeting. The main goal of the project is the development of the 
Nuclotron accelerator complex for generation of heavy ion beams with energy of 
up to 5 GeV/u and beam intensities of up to 5·1010 particles per pulse. The project 
sections are: 

• 
• 

• 
• 

• 
• 
• 
• 
• 

• 

Development of heavy ion source KRION; 
Upgrade of the main pow~r supply, quench detection and energy 
damp of structural magnets; 
Upgrade of the Nuclotron ring vacuum system; 
Development of the existing RF accelerator system, upgrade of 
the electronics and the particle capture scheme; 
Heavy ion beam extraction at maximum energy; 
Upgrade of the beam diagnostic, monitoring and control systems; 
Beam transfer lines and radiation shield; 
Development of the cryogenic supply system; 
Beam dynamics study, minimization of the particles losses during 
the acceleration cyclei 
Construction of the new pre-accelerator with injection and 
extraction beam transfer lines. 

The proposed realization period is 3 years. The requested JINR budgetary 
funds- 2.99 M$ for 2007-2009 including the cost of materials, equipment and 
manpower. The realization of the project "Nuclotron-M" will also provide 
new possibilities for the future development of the Nuclotron toward a heavy 
ion collider facility. The preliminary concept of the new. complex (Fig. 21) 
was reported at the JINR meeting in October 6-7, 2006 [27]. 

Fig.2l.The proposed concept of the Nuclotron based ion collider facility. 
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The new results obtained in 2006 are reported in I 7 papers presented at the 
International Conferences: EPAC'2006, ASC2006, ICEC and others. 

6. Miscellaneous 

Some other results obtained at VBLHE in 2006 are published in [28-55]. 
In 2006, the Dr. Sci. thesis was defended by V. Yurevich and the PhD thesis was 

defended by S. Kushpil' on the basis of results obtained at VBLHE [56, 57]. 
The title pages of these theses are seen in"'Fig. 22. 
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High Energies. 

23 



7. VBLHE plans for 2007-2009. 

The Program of VBLHE for 2007-2009 is based on the perspective program of 
research of the laboratory for 2006-2015 (Road Map). The draft of this perspective 
program is presented in Fig. 23. 

It contains the following basic directions: 
• Basic research 
• Applied research 
• Development of the Nuclotron Acc~lerator Complex 
• Educational program 

Basic research includes investigations of heavy ion interaction, polarizing 
phenomena at the Nuclotron and investigations in relativistic nuclear physics in other 
scientific centers. 

Applied research is connected with life science and energy problems. 
It is planned to develop also the accelerating complex with the purpose of 

obtaining higher quality particle and nuclear beams. 

It is planned to have the following themes at VBLHE for 2007-2009: 

Themes Related with Development o[Large Installations and Carrying out Large
Scale Research 

>- 0983 - «Study of Multiple Production in 4n-geometry. Experiments at the 
Nuclotron» -First priority. 

>- 0941 - «Search for Non-Nucleon Degrees of Freedom and Spin Effects in 
Few-Nucleon System» - All-institute theme- First priority. 

>- 0979- «Development of the Nuclotron Accelerator Complex»- First priority. 
. Basic facility. 

Themes: R&D. Data taking and Data analysis 

>- 1011- «Investigation of the Properties of Nuclear Matter in Experiments with 
Nuclei and Polarized Particles (STAR)»- First priority. 

>- 1020 - «High-Acceptance Toroidal Spectrometer HADES. R&D of New 
Particle Detectors» -First priority. 

>- 0001 -«ALICE: A Large Ion Collider Experiment at CERN's LHC (Project 
ALICE)» - First priority. 

>- 1010 - «Investigation of Relativistic Multiparticle Interactions (Project 
MARUSYA)» -First priority. 
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)> 1061- «Development of Radiotherapy Methods witn a Proton and Heavy Ion 
Beams of the Nuclotron of JINR (Project' Med-Nuclotron)» - All-institute 
theme (VBLHE, DLNP, LRR)- First priority. 

Financial support necessary for realization of the VBLHE program in 2007-
2009 is summarized in Table 2. 

Table 2. 

Relativistic Nuclear Physics 
2007-2009 . 

Topic & Future Plan Priority 
Plan Plan Plan 
2007 2008 2009 

Development of the Nuclotron 0979 1 
Accelerator Complex (R&D) 

160 170 180 

Search for Non-Nucleon Degrees 0941 1 60 60 60 

4n- geometry 0983 1 250 270 290 

Investigation at the GSI , 1059 1 30 30 30 
Accelerator Complex 
NIS (LPP) 1044 1 10 10 10 

ALICE 0001 1 80 100 100 

MARUSYA 1010 1 80 80 80 

STAR 1011 1 70 70 70 

HADES 1020 1 40 40 40 

Med-Nuclotron 1061 1 20 20 20 

ILC 1062 1 ·10 10 10 

TOTAL (k$): 830 860 890 
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