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Introduction 
The field of scientific activities of the Dzhelepov Laboratory of Nuclear 
Problems is unique. It covers experimental investigation in modern 
particle physics (at high. low and intermediate energies); investigation 
of nuclear structure (including relativistic nuclear physics and nuclear 
spectroscopy); study of condensed matter properties; theoretical sup
port of the experimental research; medico-biological investigations; 
development of new accelerators and experimental facilities. 

The Dzhclepov Laboratory of Nuclear Problems is nowadays the 
only laboratory at JINR where modern rare-decay experiments and 
new physics searches, like neutrinoless double beta decay, are under 
way. The thorough study of neutrino properties is also performed 
only in this Laboratory. In 2000 three neutrino meetings, a work
shop on neutrino oscillation experiments (NOMAD week), a workshop 
of the NEMO collaboration and an international conference on non
accelerator new physics in neutrino observations (NANPino), were 
held at the Dzhelepov Laboratory of Nuclear Problems. The latter 
conference traces a new modern direction in particle physics connected 
with physics beyond the standard model of electro-weak interactions 
with a certain emphasis on the non-accelerator searches. On the other 
hand, modern (with DELPHI, DO, CDF) and future (with ATLAS, 
COMPASS, CDF, etc) investigations of phenomena at high energies 
are also an area of constant interest and care fot the DLNP scientists. 
It was for the first time in the history of the ATLAS collaboration 
that the ATLAS week took place (Dubna, 21-26 June 2000) outside 
CERN. A total of about 350 participants were gathered together by 
the DLNP organizing committee to discuss progress in construction 
of the ATLAS detector. Choosing JINR as a place to hold the AT
LAS week the collaboration confirmed the considerable contribution of 
JINR scientists to the fulfilment of the ATLAS project. Another large 
conference "LHC Physics and Detectors" was held in Dubna right af
ter the ATLAS week. The Laboratory was also greatly involved in 
preparation of the meeting. 

In the time being the Dzhelepov Laboratory of Nuclear Problems 
does not have a modern powerful home facility. Nevertheless the JINR 
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phasotron is still considered to be a useful facility which provides a 

possibility of doing good physics (e.g. JL-catalyzecl fusion, D UBTO 

project) and performing medico-biological and clinical research ou 

treatment of tumour patients on the basis of the medico-technical 

complex and medical hadron beams. 

Elementary Particle Physics 

The NOMAD experiment in the CERN SPS neutrino channel yielded 

new data for the search for v1, --+ v7 oscillations. Greater statistics 

(1,350,000 charged-current muon neutrino interactions are recorded) 

and improved kinematic analysis used to identify v7 interaction acts 

made the experiment much more sensitive to oscillatiou parameters. 

Fifty-eight candidates for T-neutrino interaction in the v7 N --+ T- X 
reaction and .55± 5.4 background events in all T-lepton decay modes 

considered were found. This number of candidates agrees with the 

number of background events. No v11 --+ v 7 o:ocillations are found, 

which yields the upper limits for the oscillation amplitude in the mass 

squared difference interval 1 < 6.mj2 < 1000 e V2 within the hypothe

sis of two types of neutrinos. 
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In the region of large 6.mf 2 (6.mL > .)() eV2
) the limits (90/('. C.L.) 

for the amplitude and probabilitY of z;1, --+ z;T oscillctt ions (Fig. 1. left) 

me [1] 

Sill:! 2(}1/ ,, < cJ. () · 10-4
. P,, 11 (1/11 --+ //-) < 2 · w-4 . 

Jl T I' T 1 

This value of P,,,,,,T(u1, --+ IJ7 ) is more th;m 10 times better than the 

pn·Yions best limit in the region of large 111nsscs P,,,,,,T ( v1, --+ u,) < 
2 .. j. 10 :l (F\fAL E531-198G). 

Si1nilmh·. the limits for the amplitude and probabilitY of u, --+ z;T 
oscillrltions for 6.mf2 > .')()c\'2 (Fig. 1. right) ;m' [1]: 

sin 2 28,,,1/r < 2, (). 10- 2
. }~'·''rhl--+ u,) < 1. 0. 10 2

. 

also 10 times better tlwn the previous limits for the 11, --+ v, oscillation 
parameters (FNAL, CCFR-199,!). 

~ 

~ 

1-*-i 

~ ,........., 

• • • 
-1 0 -1 0 -1 0 

P, P, P, 

1---+--i 1--+--i ~ 
I • I 

,.. 
l______t___...___..J..._ __ ..L.. _ ____L__--'---- ..i_____l___ 

let ._J 
~--'---

.. 
-1 0 -1 0 -1 0 

P, P, P, 

Fig;un· :.?: .\ 0 polariziltion in the tmgd fragmentation (.r F < 0. 11ppcr Jl<lncl) and 
Cli!T('llt fr<l)!;llH'lltation (.rr > 0. !tnH'I' pant·!) rq;ions in tlu· \\'A :.?l (111,-p). \\'A :21 

(i11,-p). \\',\ E'>!l (1!1,-T\c). EG32 (111 ,-~1'. only tl)l]H'r panel) and ;'\10\L\D l'Xpcrillll'llls 
(from lop to i>oU.oit1). 

Tlte cxp<'Jillt('ll1 N 0 l\ I AD [2] ~·iddcd new data on poLtriz<tl ion of A' 1 

hyperons in1ltc chmgcd-cmTcnt IH'Iltrino intnnction~ IJw'V--+ I' i\0
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As many as 8087 events with A0 hyperons were analyzed. which is:~() 
times more than in all previous neutrino experiments. 

Longitudinal polarization of A0 hyperons was llH'as\uccl (Fig. 2) 
both in the target fragmentation region 

g(xp < 0) = -0,21 ± 0, 04(stat.) ± 0, 02(syst.). 

and in the current fragmentation region 

Pr(.Tp > 0) = -0,09 ± 0, 06(stat.) ± 0, 03(syst.). 

Longitudinal polarization of N1 hyperons is negative with the respect 
to the vV boson direction and increases in the target fragmentation re
gion. By measuring longitudinal polarization in the current fragmen
tation region it is possible to estimate the coefficient of spin transfer 
from the u quark to the Ar1 hyperon C~ = - Pr = 0, 09 ± 0, OG(stat.) ± 
0, 03(syst.). It was the first time in neutrino experiment::; that consid
erable transverse polarization perpendicular to the A0 hyperon pro

duction plane was observed 

Pv = -0,22 ± 0, 03(stat.) ± 0, 01(syst.). 
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figure :3: Dependence of the transvese N1-polarbmtion on PT observed in the NO
\IAD cxpcriruent and in hadron-hadron interactions of unpolarized protons with 

unpolarized targets. 
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The quantity P,, increases with increasing transverse momentum of the 
A0 hyperon relative to the hadron shower direction, which qualitatively 
agrees with the results of experiments with unpolarized hadrons and 
unpolarized targets (Fig. 3). 

The new and more accurate experimental data make it possible to 
verify various models allowing for polarized strangeness in a nucleon 
in the region .T F < 0 and the mechanism for polarization transfer from 
the quark to the A0 hyperon in the region Xp > 0. 

In 2000 the data collected in thee+ e- --+ e+ e- (!), 1-L+ JC (!), T+ T- (!) 
and inclusive e+ e- --+ qq( 1) channels with the DELPHI detector at 
energies close to 183 aud 189 GeV were analysed in order to extract 
the hadronie and leptonic fermion-pair cross sections, as well as the 
leptonic forward-backward asymmetries and angular distributions. No 
evidence for physics beyond the Standard Model was found and limits 
were set on contact interactions between fermions, the exchange of 
R-parity violating SUSY sneutrinos, Z' bosons and the existence of 
gravity in extra dimensions. 

The scale A characterising contact interactions between leptons can 
be excluded at the 95% confidence level in the range A < 4.4-1.07 Te V 
depending on the model. For sneutrino exchange in R-parity violating 
supcrsymmetry, the genetic coupling in the purely leptonic part of 
the superpotential, A > 0.1 can be excluded for mv in the range 130 
190 GeV for all leptonic states at the 95% confidence level or above . 
Extra Z' bosons lighter than 300 Ge V / c2 can be excluded at the 95% 
confidence level. The 9.5% confidence level lower limits of 542 and 
680 GeV on the string scale, Ms, in models of gravity involving extra 
dimensions are obtained for a combinations of 1-L+ 1-L- and T+T- final 
states [3]. 

The reaction e+ e- --+ yy( 1) was studied using the LEP high-energy 
data collected with the DELPHI detector at the centre-of-mass ener
gies of 188.6-201.6 GeV, corresponding to integrated luminosities of 
151.9-40.1 pb-1, respectively. The differential and total cross sections 
for the process e+e- --+ 11 were measured (Fig. 4). Good agreement 
between the data and the QED prediction for this process was found. 
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Lower limits on possible deviations from QED were derived. The 
95% C.L. lower limits on the QED cut-off parameters A+ > 330 GcV 
and A_ > 320 GeV were obtained. In the framework of composite 
models, a 95% C.L. lower limit for the mass of an excited clectrmL 
A1e' > 311 GeV /c2, was obtained considering an effective coupling 
value ,\

1 
= 1. The possible contribution of virtual gravitons to the 

process e+e- __, rr was probed, resulting in 95% C.L. lmvcr limits 
on the string mass scale Ms > 713 GeV /c2 and ]\fs > 691 GcV jc2 for 
,\ = + 1 and ,\ = -1 respectively (where ,\ is a 0(1) parameter of 

quantum gravity models) [4]. 
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Figure 4: Born differential cross section obtained by combining all data sets at m1 ef
fective centre-of-mass energy of 193.8 GeV (dots), compared to the QED thmretical 
distribution (full line). The dotted lines represent the allowed 95% C.L. deviations 
from the QED differential cross section, which correspond to the 9.'i%, C.L. lower 
limits Oil At and A_ 330 GcV awl :320 Ge V respectively, to the 9.'i% C. L. low('r 
limit on excited electron mass 311 Gc V / c2 aw I to the 95% C. L. lower limits 011 the 
string mass scale 713 GPV/c2 (fur A= +1) and 691 GeV/c2 (for A= -1). 

From the data sample of integrated luminosity 155 pb- 1 collected 
hv DELPHI in collisions at a centre-of-mass energy of 188.63 GcV the 
individual lcptonic branching fractions were found to be in agreement 
with lepton universality and the W hadronic branching fraction was 
measured to be BR(W __, qrj) = 0.680 ± 0.008(stat.) ± 0.00•1(syst.), 
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in agn'cmcnt with the Standard f\Ioclcl prediction O.G75 and compat
i blc with lllcasurcments at !own energies by other LEP E'xpcriments 
[5]. Til<' total cross section for the doubly resonant \\.\ V process \vas 
llH'dSllJnl to be a[!'.t{\1 

= lS.83 ± 0.38(stat.) ± 0.20(s\·st .) pb, assuming 
Standard f\Ioclcl branching fractions (Fig. 5 ). 
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Figtm· 5: !\I('asmcmcnts of the 
I I' 1 11·- cross sect ion com pared with 
t h(' st aw hrd lllodC'l predict ion us
ing and .1/11 = t-:0.-ll Gt'\' /c~ ,,·ith a 
possi hie Ullcert ainty of ±2/( 011 the 
cmupnt atioll. 

In 2000 the DELPHI collaboration st11clicd the Lorentz structure of 
tan lepton decays [6]. l\Icasurement. of the l\Iichcl parameters (which 
describe weak couplings of charged leptons) and the average tau
ncutriuo helicit.y in tau lepton decays together with the first measure
nwnt of the tensor coupling in the weak charged currc'nt wnc carried 
out. The results obt.aincci are cm1sisteut with the V A structure of 
the weak charged current in decays of the T lepton. 

The DIRAC experiment at CEHN aims to measmc the lifct ime of 
71

1
71 atoms (A2") in the ground state with a 10% precision, to obtain 

the difference /a0 - a2 / of rrrr scattering lengths in the 5-statc with 
the isotope spin 0 a11d 2 with an accuracy of 5%, and to submit the 
uudcrst auciing of chiral symmetry breaking of QCD to a crucial tc'st. 

The experimental setup is located at the CEHN PS extracted pro
ton beam with the encrgv of 24 GcV. The setup is a magnetic spcc
tromdcr with coordinate detectors aligned upstrc'<Ull of the spedrom
<'1 cr ltwgllcl ncar the target. and \Yith two telescope anus for pos-
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Figure 6: The difference N between the experimental distribution of 11 "11- pairs ancl 
the approximating fnHctioll, which describes the coHtrihution of pion pairs prodUC'(!d 
in free states. The variable F along the abscissa is related to the relatiw mome11tum 

Q of pions ill c.m.s. and calculated as F = JQ"x/abx + Q~)ab,. + Qi)abL· Here 
Qx,Y.L arc the components of the relative lliOl!lentmn and aQx \.I. are the setup 
resolution over corresponding compoHents: aqx = aq,. = 1 \leV/ c anc1 aq~. = 

0.65 \IeV /c. 

itively and negatively charged particles downstream of the magnet. 
The coordinate detectors are microstrip gas chambers, scintillation fi
bre detectors, and scintillation ionization hocloscopcs. Each telescope 
is equipped with drift chambers, horizontal and vertical hodoscopes, 
a gas Cherenkov counter, a preshowcr and a muon detector. The last 
three detectors are used to suppress detection of electrons and muons, 
respectively. The relative momentum resolution of the setup CJQ is 
about 1 MeV /c. The required accuracy of the setup for the relative 
momentum is provided by a high resolution of the coordinate detectors 
and a small quantity of materials in the way of a particle. 

The first signal of A2rr observation in the experiment DIRAC was 
obtained after processing a part of the experimental data taken with 
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a platinum target in 1999. The difference between the experimental 
distribution of Jr-rn~ pairs and the approximating function, which de
scribes the contribution of pion pairs produced in free states, is shown 
in Fig. G. The peak in the range F ::; 3 is caused by the additional 
pion pairs with a low relative momentum produced at the breakup 
(iouization) of n+ Jr- atoms inside the target. 

At the beginning of 2000 the DIRAC setup was upgraded. Firstly, 
the dedicated hardware processor for selecting tracks in the drift cham
bers was developed and manufactured. The rejection factor is about 
1.5. Secondly, the software part of the data acquisition was improved 
to provide a twice higher effective rate of accepting data. In 2000 
the setup was running during 6 months and about 109 triggers were 
recorded. Now the data processing is in progress. 

The ATLAS detector is designed to obtain new experimental re
sults on the most acute problems of elementary particle physics (dis
covery and investigation of Higgs bosons, study of production dynam
ics and decay modes of top-quarks, B-physics, discovery of SUSY
particlcs) at the Large Hadron Collider (LHC). Many of the interest
ing physics questions at the LHC require high luminosity, and so the 
primary goal is to operate at a high luminosity (1034 cm-2s-1 ) with a 
detector that provides as many signatures as possible using electron, 
gamma, muon, jet, and missing transverse energy measurements, as 
well as b-quark tagging. 

The ATLAS apparatus consists of a inner detector (tracker), an 
electromagnetic calorimeter (ECAL), a hadron calorimeter (HCAL) 
and, a muon spectrometer. 

The inner tracker on the basis of the Transition Radiation Detec
tor (TRT) serves to identify electrons by recording transition radi
ation photons and to reconstruct particle tracks by a large number 
of recorded points. Highly granular Liquid Argon (LiAr) electromag
netic calorimetry with excellent performance in terms of energy and 
position resolutions covers the pseudorapidity range 1771 < 3.2. The 
bulk of the hadronic calorimetry is provided by a novel scintillator tile 
calorimeter. The main purpose of the barrel hadron tile calorimeter 
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is to measure electron, gamma, jet and missC'cl C'Hergies ( E,., E-,, E1, 1. 

Emis). The tile calorimeter is a cylinder of inner radim; 2280 ltllll and 
outer radius 4230 mm. The cylinder is subdivided into a central barrel 
5640 rnm long and two edge barrels 2650 mm long each. Each of the 
three barrels consists of 64 independent modules. The whole calorime
ter system contributes to the very good jet and E'f"'' perfonwmce of 
the detector. The LiAr calorimeter is contaiued in a cylinder \vi1h <1n 
outer radius of 2.25 m and extends to ±6.65 m along the beam axis. 
The outer radius of the tile calorimeter is 4.25 m and its length is 

±6.10 m. 
The calorimetry is surrounded by the muon spectrometer. The 

air-core toroid system, with a long barrel and two inserted end-cap 
magnets, generates a large ficld volume and strong bending power 
with a light and open structure. Multiple scattering effects arc there
fore minimal, and an excellent muon momentum resolution is achieved 
with three stations of high-precision tracking chambers. The ATLAS 
collaboration approved the use of the Monitored Drift Tube Chamber 
(MDT) detectors (planes of pressurized drift tubes with an advanced 
system of monitoring of the detector spatial position) in the muon 
system for precise determination of coordinates of tracks. The muon 
instrumentation is complemented with fast trigger chambers. The 
muon spectrometer defines the overall dimensions of the ATLAS de
tector. The outer chambers of the barrel are at a radius of about 11 

n1. The length of the barrel toroid coils is ± 13 m, and the third layer 
of the forward muon chambers, mounted on the cavern wall, is located 
±21 rn from the interaction point. The overall weight of the ATLAS 

detector is about 7000 tons. 
The responsibility of DLNP within the ATLAS collaboration in

cludes production of 112 muon chambers (20% of the total area of the 
ATLAS muon spectrometer); production and assembly of the absorber 
of the Barrel part of the tile calorimeter; calculations of magnetic fields 

and forces; software development, etc. 

In 2000 twcnty-fom modules (about 6 m long, 20 tons each) of the 
ATLAS hadron calorimeter were assembled at .JINH.. A total of 33 
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modules (2GO snbmodules) out of required Go (308) were assembled 
and :m uwdnlcs \Wn' ddiwrcd to CEHN. 

In 2001 twcnt\·-fom nc\\. tnoclulcs <tlHI ,-)8 submodttles will be pro

dwcd and delivered to CEHN. Tltc qualit\· of tltc tttodulc assembling 
is controlled bv measun'ments \\·it h a speciallY de\·clopccl lnscr s~·s
tent. 1\ll produced modules arc wit hiu t oleranc<' (the clcYiaticm from 
the idc'al .. euwlopc" is less t Item 0.:~ unn \Yitcn the maximum deviation 
is 0.() tttlll). 

I u 2000 hadron cncrgv reccmstruct ion for the prototype ATLAS 
hand combined caloritnctcr. consisting of the lcacl-liqnicl argott elec

t rmuagnctic and iron-scintillator lwdronic pnrts. with a new non
]Xtnlllwtricalmct hod ( .. (/ h ntethod··) was performed [9]. The method 
utilizes ott!v the knmvu ej/1 rntios Hllcl the electron c<c~libration con
stants, it docs uot require clctcnni nn tion of an:v parameters b~' the 
mini miza t iou tee hniquc. 

The lateral and longitudinal profiles of hadnmic showers detected 
by the prototype ATLAS iron-scintillator tile hadron calorimeter were 
inwstigatcd [10]. This calorimeter uses a lmiquc longitHdinal cmtfig
nration of scintillator tiles. \Vith a fine-grained pion beam SCH!l at 
100 GcV, a detailed picture of the trmtsversc shower bchaviom is ob
tained. The underlying radial energy densities for four depth segments 
all(! for the entire calorimeter arc rc'constrndecl. A thrcc-dimcnsio11al 
haclronic shower parameterization is developed. The intrinsic pcr
fonnancc of the ATLAS barrel and extended barrel calorimeters for 
the measurement of charged pions is studied [11]. Pion energ~· scans 
(E = 20, GO, 200, 400 and !000 GcV) at l\\·o pseudo-rapidit\· points 

(11 = 0.3 and 1.3) and psendorapidity scans ( -0.2 < 'I< 1.8) \Yit h pi
ons of constant transverse' energy (Er = 20 and 50 GcV) ;ue anal~·scd. 
A simple approach that takes accoHnt of non-compensation <\lld clc<td 
material eft.ccts is Hsed for the pion cncrg~· reconstruction. The effect 
of electronic noise, cell cuergy cuts, and restricted cone size ;nc also 

iuwstigatcd. 
Architecture of the !tadronic calorimeter cotttrul s.\·stem Wils cLth

oratcd, inclwlittg dct.nlllinat ions of fnnctionalitY of cn't"V subs.,·stellls 
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and data flows, choice of hardware eqnipmeut and software tools. On 
this basis a pilot project of the high-voltnge control subs.vstcm was 1'<'

alized. In the framework of this project technical docmucntntion was 
worked out, a data base structure. control algorithms awl a graphical 
user interface were developed. 

In 2000 the ATLAS 1\Iuon Group has done the following amount of 
work within the framework of the muon part of the project ATLAS: 

1. Equipment of the work bay for assembly and test of ummt detec
tors is manufactured, installed and adjusted. The equipment includes: 
(i) a facility to measure outer diameters and ellipticity of aluminium 
tubes before assembling detectors (accuracy 2 ttm): 
(ii) a semiautomatic detector assembly line \vith a capacity up to 20 
detectors an hour (Fig. 7); 
(iii) a tension meter for the anode wire in an assembled detector (ac
curacy 1 %); 
(iv) a meter based on X-ray tubes and X-ray-sensitive CCD to measure 
the position of the wire in relation to the tube axis with an accuracy 
of 3 J-lm (Fig. 8); 
(v) a fast meter (measuring time 5 min) to measure leakage of the 
assembled detector to within 10-8 bar·l/s (Fig. 9). 
(vi) a unit for high-voltage training of assembled detectors filled with 
the working gas mixture and their dark current level checking (to an 
accuracy of 1 nA). 

2. Mounting and adjustment of machining attachments are accom
plished in the work bay for assembly of EMS-type muon chambers. 
The attachments include: 
(i) a highly accurately cut granite plate 2.7x3.6x0.6 m3 in size; 
(ii) a set of seven highly accurate reference "rulers" 2.2 m long each 
for precisely placing the horizontal layer of detectors; 
(iii) an optical system for adjustment of the "rulers" on the granite 
table to within 0.3 mrad; 
(iv) a set of devices (towers) for vertical and horizontal positioning of 
glued detector layers; 
(v) a pneumatic feed-back system to accommodate sagging of the 
chamber in the course of assembly; 
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Figure 7: ATLAS Muon Group semiautomatic detector assembly line with a capacity 
up to 20 detectors an hour. 
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(vi) a11 electron-optical system to check <Wcurncy (within 5 11111) of 

nmtnal arraugcmcnt of chamber clements in the course of asscn1hh·: 

(vii) au automaton to apply epoxy gl uc d miug the assembly of dct ec
tor lavers. 

:). Both work havs (for detector assclllhly awl test nud for chamiH'r 

ass<~mhlv) W<'rc acn'plcd hy th<' colbhorat ion accept C\lH'<' C'Oilll!Iission 
ill .I llll (' :2 ()()()' 
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Figure 10: Octf•( tor asscm!Jh· 
and test rates all{ I t IH~ total 
number of assembled detec
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4. l\Iass production and tests of the detectors began. The design 
work bay capacity of 500 detectors was attained in two weeks. Over 
2700 detectors were produced up to November 2000 inclusive. The 
current main problem of the mass production is delay in delivery of 
aluminium tubes and components by the collaboration. Figure 10 
displays detector assembly and test rates and the total number of 
assembled detector up to November 2000 inclusive according to the 
work bay data base . 

.5. The zero module of the BI\IS chamber is to be assembled by the 
end of 2000. A four-month delay is clue to late delivery of alignment 
system ('lements by the Saclay group. 

In 2001, according to the muon collaboration plan, the Dubna group 
is to produce 26 BMS chambers, which requires 4,150,000 roubles. 

The DO experiment is located at the high-energy accelerator, the 
Tevatrou Collider, at the Fermi National Accelerator Laboratory (USA). 
The research is focused on precise studies of interactions of protons 
and antiprotons at the highest available energies. The main themes 
of the upgrade physics programme arc to seek the mechanism of clec
troweak symmetry breaking through the study of large samples of the 
top quark and precision measurements of the parameters of the stan
dard model; to make precision tests of the colour force using a variety 
of probes and measun:mcnts in a new region of phase space; to carry 
out a broad study of b-quark hadrons; to search for physics beyond 
the standard model, etc. 
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Figure 11: One layer with 8 octants of the forward muon spectrometer installed at 
the magnit on the DO setup in summer 2000. 
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The basic JINR commitments in the DO project design and mass 

production of J\Eni- Drift Tubes (l\IDTs) and the corresponding fnmt

end electronics based on ASIC chips for the DO fonvard nmon system 
--were completely executed by the DLNP .JINH DO group. 

The main purpose of the fonvard muon system. vvhich comprises 

about 6500 MDTs ancl50000 electronic channels in total. is to Incnsnn' 
the muon track with a high accuracy as well as to giw coorclinat c 

information for the trigger system. 
In 2000 the JINR DO group has finished mass tests of G500 l\IDTs 

in FN AL. Full assembly of forward muon tracker modules ( 18 oct;mt s 
in total) (Fig. 11) and their tests with cosmic rays were carried out. 

Commissioning of the entire system started. On-line, off-line awl trig
ger software for forward muon system is developed. The .JINR group 
started participating in development of software the physical analysis 
of future data. 

A new JINR-FNAL Memorandum of Understanding, which covers 

next period of Tevatron operation (2001 2006), is being prepared for 

signing. This MoU stipulates new commitments of the DO group in 
running the forward muon tracker system, development of on-line and 

off-line software, participation in data taking and analysis. 

In 2001 the forward muon tracker system will be done fully assem
bled and movied into the working position at the Tevatron collisiou 

hall. The full system commissioning will be finished. The system will 

start to operate at colliding beams up to the highest design Tevatron 
Run II luminosity of 2 x 10:32 crn-2 x s- 1. The development and sup

port of on-line, off-line and trigger software will take place. Run 2 

data taking and analysis will start. In all these activitcs the .JINR. DO 

group will participate. 

In 2000 the CDF group of .JINR. contributed both to .c;oftwarc and 
hardware development of the Silicon Vertex Tracker (SVT). aimr'd ;d 

dfic:ir'ntly tagging b-flavomcd events at the trigger lcvd with the Col

lidcr detector at Fcrmilab (CDF). The SVT givr~s access to physics 

phenomena where the bottom quark is involved (hl~avy llavom par<t

mctcr mcasmcl!Jf'tJts, C:P violation, top quark n~latcd Jtl<'<ISltr<'llll'lll s) 
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and possible IIC\\. phvsics cut lw ol >snwd. In 2000 the Dubna group 
participated in: 

software dc\·clopmcut for data .. pattcms .. tu download into the As

soci<ltivc i\Icmon· (A!\ I) oft he SVT awl for gmcration of the optimal 
pat tcm sd for tlH' A:\ I: 

estimation of the cxecntion time of the track finding and fitting 
process: 

devdopnwnt of software tools for testing "-\1\ I and Hit Buffer boards 
dming the t'Ollllllissiolling ntll 011 tlw CDF. Participation in the start 

of the S\'T at FNAL. The lwill!l profile rccol!structcd by the SVT is 
shown in Fig. 12: 

''·'~ htlln n>fi 
:fl) lil .. n 0 '.'Hl-"l 
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~' 

development of the software and 
boards during tw-tss production. 

Figmt' 12: I3('<llll prohiP rccon
strnctt'd by the SVT: rr = t\ijllll. 

hardware tools for testing AI\I 

In 2000 a set of long ( l.G 3.2 m) Scintillntiug Counters (G07 units) 
for the new muon trigger of the Upgraded CDF were assembled, tested 

and delivered to FN AL. The counters weigh 5285 kg and cover <lll area 

of 271 1n
2 

around the CDF. These counters were tested with cosmic 
muons and radioactive sources. The yidd of photoelectrons (Fig. 13) 

is snfficimt for CDF needs (30 in avcrnge) and gnanmtces ;1 high 
efficiency of the 11-triggcr fort he long Hun II dat.a taking period. 

For more <'fficicnt 7T //\- sq)mat ion (important for B-physics inves
tigations) tht' sinlll!ations were pcrfonucd for the propos<'d Time-of
Flight. (ToF) S\'Sll'llt bas<·d on I ht' scint ill<d ing fiber lmndk. 
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In 2001 the JINR CDF group plans to obtain new data on b and 
t quark physics, to search for CP-violation in the I3-clcca_ys, to study 
B,-mixing, to search for Higgs particles <tlld new phcllo!lwna beyond 
the standard model and to study processes \\"it!J ultrahigh multiplicity 
( n » n). Data analysis \Viii be started parallel to data taking at Run 

II (2001 2004). 
.JINR physicists will maintain the SVT and J\IUON systems during 

Run II; carry out R&D for the ToF system to separate rr /I\ front I3 
decays with the resolutiotl T(ToF) < 100 ps. and develop hardware 
and software for the SVT to increase its efficiency and to reduce the 

SVT decision time. 

The main goal of the COMPASS experiment (NA58, CERN) is 
investigation of the hadron structure aml hadron spectroscopy, which 
arc both mauifcstations of non-pcrturbativc QCD. With hadron beams 
three main issues arc addressed: studies of charruecl hadrons, spec
troscopy of light quark systems and gludmlls, and investigation of the 
hadronic structure of unstable particles with the usc of Primakoff re
actions. Measurement of the cross section asymmetry for open charm 
production in deep inelastic scattering of polarized muons on polarized 
nucleons will allow the gluon polarization 6.C to be determined. 

To perform these measurements a new state-of-the-art spectrometer 
with excellent particle identification and calorimetry is proposed. It 
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\\·ill he capable of standing beam intensities up to 2-108 particles/spilL 
Dedicated triggers and fast read-out complement the outstanding per
fonnaHce of the spectrometer. 

The COl\IPASS spectrometer consists of a high-rate forward spec
t romder with tvm independent magnetic spectrometer stages, each 
equipped with tracking, particle identification, calorimetry and muon 
detection systems. 

The first runs for physics with the COMPASS spectrometer are 
scheduled for 2001 2002 at CERN. 

The common DLNP-Torino responsibility (O.Denisov (chambers) 
and A.Maggiora (electronics)) in the COMPASS collaboration is con
struction of a system of miltiwire proportional chambers (MWPC). A 
total of 13 chambers are to be intalled (Fig. 14) in the initial setup 

pclari zed 
target 

_,. 

SMl 

RICHl 

fl]ill 
B 

U WA.LLl I 
Sl-12 

Type 
MWPC 

A* 1 

A 6 

B 4 

MWPCs 

nwnber of 
planes wires 

4(v h 2t) 2816 

3 (v 2t) 2304 

2 (v t) 1536 

tot. 22784 

uWALL2 

Figure 14: Multiwire proportional chambers in the COMPASS initial setup. 

(25.000 channels of electronics). Another DLNP responsibility is con
struction of the muon filter of the first spectrometer (J.L- wall 1) -
16 chamber planes consisting of 1200 Proportional Tubes equipped 
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with front-end electronics. The DLNP group is also participating in 
development of the reconstruction programme for the COl\IPASS ap
paratus and simulation of physics processes for optimization of triggers 
and detector design. 

In 2000 the first COMPASS test beam run was completed with the 
impressive results obtained by the joint Dubna-Torino group: G pro
portional chambers (provided by Dubna) and instrumented with 1500 
channels of front-end electronics (Torino) were sncccssfully brought 
into operation complying with the nominal COI\IPASS spectrometer 
running conditions (high beam rate up to 2 x lOR muons per spill); 
above 50 million events were recorded with the Dubna-Torino system 
of MWPCs serving as the basis system to fulfill two main COMPASS 
collaboration obligations in 2000: COMPASS muon trigger test and 
the test of the First spectrometer. 

In 2001 8 more chambers should be prepared for irmtallation into 

the COMPASS initial setup. 

In 2000 the COMPASS Muon \Vall-1 group (leader G.Alexeev) ob
tained the following main results. All M\V1 detectors (about 1100 
proportional tubes, 8 wires per each tube) arc produced in JINR, 
shipped to CERN and tested there. All analog front-end electronics 
(300 Amplifier-Discriminator Boards comprising about 10000 chan
nels) is made a,nd tested in JINR. Detector support frarrws an' ch 
signed, the workshop for their production is prepared in DLNP, and 
the first two real-size frames are produced and shipped to CERN for 
tests. The MWl prototype was investigated with M2 test beam at 
CERN and the working gas mixture was fixed (Fig. 15). 

In 2001 the COMPASS Muon ·wall-1 group plans to finish mass 
production of MW1 support frames; to assemble the whole MWl (de
tectors, frames, electronics) at CERN; to commission the MWl sub
system (high voltage, low voltage, gas system, front-end electronics, 
readout); to develop software for the on-line monitoring and control as 
well as for muon track reconstruction. The group will also participate 
in data taking and further data analysis. 
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New mc;tsurcmeuts of the spin-depcmlcut tot nl cmss scc/1on dt.f{el·
enccs (C.ay and C.aL) in neutron-proton scattering at 16 i\IcV were 
proposed by the JINR-Praguc collaboration at the Institute of Par
ticle and Nuclear Physics. Charles University (Prague). The goal of 
the experiment is to study nucleon-nucleon interactions and in partic
ular their tensor component, which can reveal the nature of the triton 
binding energy. To this end, in 1998 the polarized target was mod
l'rnized and the first test nw wa.s successfully carried out. The Ill'\\' 

polarized target has radically new opportunities for production and 
measurement of polarization for different nuclei. In 2000 a nc\\· dc\·icc 
for ultralow temperature mcasm·emc11ts based on a 4-wire automatic 
bridge was constructed [ 1 GJ. This polarized target is also supposed to 
be l!Sl'd (as a test setup) for the study of irradiated samples during 
the realization of the project .. Development of the Polmizcd Tilrgct 
with (;LiD and its Usc fur Physics Experi111cnt.s ( PoLi D)". To speed 
up the data coll<'ction <llld to improve the signal/background ratio it is 
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planned in 2001 to modify the neutron detectors of the existing setup 
and to introduce the teclmiquf' of nh separation using pulse shape. 
In 2000 the containers for liquid scintillator anclmm1itor counters were 
developed and their production is organized at the workshops of the 
Institute of Particle ami Nuclear Ph)·sics (Prague). All registration 
systems were tested with fast neutrons and the coefficieut of the back
ground suppression was in the range :300 400. 

In 2001 the electronics for a few chanucls ( 5 -;- 10) will be con
structed and the design of new detectors will be improved to increase 
the efficiency of registration. 

It is worth stressing that the polarization research carried out by 
the JINR scientists in Prague has been the only investigation at a 
facility (accelerator) of aJINR member state untill recently. 

In 2000 the analysis of the data on K-meson decays earlier ob
tained at the Serpukhov accelerator \vith the HYPERON spectrom
eter (SERP-167) was continued. 

The very accurate investigations of the charged and neutral de
cays of kaons provide important fundamental information about vio
lation of the CP-symmetry. properties of the effective ( chiral) QCD La
grangian and new physics phenomena (supersymmeutry, techicolour, 
extra dimensions, etc). 

At the end of 1999 a tentative value of the vector form factor slope 
parameter A+ = 0.0277 ± 0.040 was obtained for the Ki- ---+ 7r

0 e+v 

(K~3-decay). It is based on 14000 events, which account for only 1/4 
of all experimental data selected on processing. It is necessary to 
point out that this result was obtained at the HYPERON-2 setup 
with the analyzing magnet, which was absent in the preceding setup. 
The result is in good agreement with the world average value A+ = 
0.0286 ± 0.0022. The data analysis is continued to check the presence 
of non-zero values of the scalar and tensor terms in the Ke3 matrix 
clement, which were found by the HYPERON collaboration a few 
years ago. 

In 2000 the analysis of the Ke3-dccay was carried out with the 
same setup but with a new trigger condition (so-called "soft" trigger) 
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to exclude the possible ., bias" for the earlier data. The result is A+ = 
0.0295 ± 0.00.!5 for 7000 events. This result shows that the old trigger 
condition docs not bring in any bias and therefore all collected data 
samples can be summarized in the new data analysis [17]. 

Iu 2001 the investigation of the decays K~, K+ ---+ 1r
0

1r
0 +v (Ke.r 

clcccn:). K+ ---+ 7r+7r
01 and K+---+ 1r0e+v1 will be carried out. The new 

data taking is not planned so far. 

Low and Intermediate Energy Physics 

Precise measurement of the probability of the pion ,6-decay allows a 
rigorous test of charged quark-lepton current universality, unitarity 
of the Cabbibo-Kobayashi-Maskawa mixing matrix and search for a 
possible manifestation of "new physics". The goal of the PIBETA 
experiment is to improve the accuracy from 4% to 0.5% at the first 
stage. 

Data taking to accumulate statistics for precise measurement of 
the pion beta-decay rate was continued in 2000. Statistics obtained 
allows the decay rate to be determined with about 0. 7% accuracy. 
The PIBETA setup worked steadily in the almost automatic mode. 
All current parameters and operation of the setup are remotely con
trolled via Internet. Full information about data taking (counting 
rates, detector histograms, event display etc.) is available in real time 
via Internet. During the whole year 2000 filtering and analysis of the 
experimental data were continued [18]. 

The preparation to a precise measurement of radiative pion decay 
(1r ---+ ev1) was started. It was noticed [19] that a tensor interaction 
(forbidden in the standard model) could contribute to this decay. A 
new trigger was suggested which allow the 1r ---+ ev1 events to be 
collected simultaneously with the data taking for the study of the pion 
beta-decay. A Monte-Carlo simulation performed in DLNP shows a 
good efficiency for 1r ---+ ev1 decay registration with the new trigger. 
This allows one to increase the sensitivity of the experiment to possible 
tensor interaction by a factor of 10 in comparison with the earlier 
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Figure 16: Pion invariant mass of the decay7r ----> rvy. 

experiment. This new trigger was accepted by the collaboration and 
included in the combined trigger of the setup. Data filtering of the 

available statistics for radiative pion decay study is started (Fig. 16). 

In 2001 the data taking and analysis of the experimental data for 
pion beta-decay will be continued. New anode wire electronics and 
a new cylindrical proportional chamber will be manufactured for the 
PIBETA setup. The intermediate result of precise measurement of 
the pion beta-decay rate (to an accuracy of l%) is expected to he 
published. 

The muon-catalyzed fusion is an interesting and unique process hav
ing neutron yield of nuclear fusion dependent on the macroscopic pa
rameters of a medium (temperature, density and medium content). In 
particular, the study of the processes of the muon catalyzed fusion al
lows one to solve the fundamental three-body problem with Coulomb 
interaction with relativistic corrections. 

The investigations of the parameters of muon-catalyzed fusion i11 
double (Deuteruim/Tritium) and triple (Protium/Dcutcrium/Tritimn) 
mixtures of hydrogen isotopes at high temperature awl density arc 
under way at the Dzhclcpov Laboratory of Nuclear Problems in col-
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laboratim1 with the Russi au Federal N uckn,r Centre. (Saro\'). St. Pc
tcrslmrg Nuclear Physics Institute (Gatchiua), Tiussiau Ticsccnch Cen
tre Knrchatov Institute (1\IoscO\v) ami Delft Univcrsit.v of Technology 

(The N cthcrlands). 
The study is being conducted with the TRITON setup at the 

lllllOil bca111 chamwl of the JINR plmsotrou. 1\Ieasmcmcnt of the so
called dfccti\'c pa.nuuetns (cycling rntc /\ .. ucntrou yield }~, and muon 
loss w) of the muo11 catalyzed processes in the 111ixturcs of h\·drogcn 

isotopes is the main aim of the cxperimc11t. 
The nuiqnc Tritium High Pressure Target (TIIPT) (Fig. 17) with 

tlw volume lG.S cm;l, working t.cmpewtmc rangc 300 --:-- SO() I\ and 
JH'('Sslln' P ~ I()()() attn was designed. construct <·d and used in the 
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experiments. The puritY of hnlrogcn isotopes at <1 lew! of 10 _,. was 

provided by the original Gas l\Iix Preparation System. The molecular 

composition of the mixtures was checked with the aid of chromatog
raphy. 

In 2000 with the Tritium High Pressure Tcu·gct the ahon:-lllClltioncd 
effective parameters (cycling rate \. ncutro11 ~·iclcl };, ami muou loss 
w) were measured [20] in the double D /T mixture (at temper at me 
300 800 K and density 1.275 2.55 ·1022 nuclei/cm:1

) and in the triple 
H/D/T mixture of hydrogen isotopes (with clependcncc on protium 
concentration at temperature :300 K and fixed density of D /T fraction 
in H/D/T mixture). 

The preliminary analysis of the dependence of the cycling rate .\. on 
the tritium concentration C1 was performed (Fig. 18). The results for 
the dt,u-mesomolecule formation rates on DD and DT molecules were 

obtained. Considering the results for the dependence of cycling rates 
on the tritium concentration one should conclude that the theoretical 
resonant mesomolccule formation rates (see Fig. 18) arc far greater 

than the experimental ones. The same conclusion was made in [21]. 

In 2001 the collaboration plans to conduct a more thorough analy

sis and take additional measurements in the double D /T mixture at 
higher tritium concentrations (up to 90%). For the determination of 
the dip-molecule formation rate on HD molecules (which is not yet 
measured) the col! abortion plans to perform new systematic investi
gations with triple mixtures at the highest available temperatures (up 
to 800 K). 

In 2000 the DUBTO self-shunted streamer chamber in a mag
netic field, equipped with two CCD videocameras for studying pion 
interactions with light nuclei at the JINR phasotron, operated during 
several runs of data taking. The chamber was filled with 4 He at the 
atmospheric pressure. The technique of CCD videocameras has never 

been applied in experiments for visualization of particle tracks, so 
special software was developed for measuring digitized CCD images of 
nuclear events in the streamer chamber volume and for reconstruction 
of the reactions in space. 
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Particle identification is based on kinematic relationships and on 
analysis of the luminosity of particle tracks, which is proportional to 

the ionization losses in the gas target. The brightness of the CCD 
image of a particle track is proportional to the actual amount of light 
reaching the pixels of the CCD matrix, unlike the case in photographic 
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registration, where the track brightness is logarithmically proportional 
to the light incident upon the film. 

Figure 19: The CCD stereo imag('S of a 1 Hc breakup event. 

Figure 19 shows the CCD stereo images of a 4 He breakup event, in 
which the pion, proton and tritium tracks in the reaction rr+ +4 He--> 
7r+ + p +3 H arc clearly identifiable. 

The plots in Fig. 20 demonstrate the radial distributions of bright
ness for different tracks. Unambiguous identification of the charged 

particles and measurement of invariant masses involving strongly ion
izing particles seems to make possible an analysis of the energy spec
trum of excited nuclear states of the 4 He nucleus, and also of other 
quantities involving heavy secondary particles produced in the pion
helium reactions. 

In 2001 the measurements and analysis of the obtained physical 
information will be continued. 

With the spectrometer ANKE at the proton synchrotron COSY 
(Jiilich) the A-dependence of thc douhlc differential cross section of 
the K+-meson production in proton-nucleus collisions was measured 

at the proton energy above the threshold of the kaon production in 
proton-nucleon collisions ( 1.58 Ge V) and in the subthreshold region 
[22]. The goal of the experiment is to distinguish (in the threshold 
energy region) two main reaction mechanisms, direct kaon production 
on a single nucleon with a high Fermi rnomcntmn (one-step medta-
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threshold energy a considerable deviation from A :2f:l -clcpenclcnce is ob
served, which indicates the cumulative natmc (two-step mechanism) 
of the process. 

Experimental data on w-meson production on the neutron arc ob
tained for the first time with the spectrometer ANKE in the reaction 
pd--> dwp at 2 GeV. 

The ANKE detector systems for studying the cumulative breakup 
of the deuteron by the proton (COSY Project 20, spokesman V.I.Koma
rov) are commissioned at the beam. The knockout of proton pairs with 
a small relative momentum at very small angles p + d --> (pp)(O") + 
n(I80°) [23] was observed in exposure of the deuterium cluster target 
to a 0.5-GeV proton beam. 

The lifetime of the negative muon in the 129Xe isotope was mea
sured for the first time at the DLNP .JINR phasotron under the project 
MUON (Investigation of the muon properties and the muon interac
tions with matter). This value was compared with that obtained for 
the 132·1:36Xe isotopes. The noticeable dependence of the nuclear muon 
capture rate on the mass number for the isotopes in question is ob
served (the isotopic effect in the nuclear capture of the negative muon 
in xenon) [24]. 

Preliminary measurements of the magnetic moment of the nega
tive muon in the IS-state of different atoms were performed at the 
pE4 beamline of the Paul Sherrer Institute accelerator (Switzerland). 
The negative muon in the bound state should possess a magnetic mo
ment different from that of the free muon due to relativistic motion. 
Up to now there have only been three measurements of the magnetic 
moment of the negative muon in the IS-state of different atoms and 
for light atoms there is a discrepancy in the results for Mg, Si and S 
atoms. The measurements of the muon magnetic moment in carbon, 
oxygen, magnesium, and silicon confirm that the magnetic moment of 
the negative muon bound in the Coulomb field of the nucleus differs 
from the one of the free muon [2.5]. 

In 2000 the study of condensed matter by the pSR-tcchniquc was 
continued under the project MUON. The pSR experiments with silicon 
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carried out in 2000 were aimed at investigating the effect of impuri
ties on the relaxation rate of the magnetic moment of the shallow 
acceptor centre. The measurements were carried out on several sili
con scunples with phosphorous and aluminium impurities of different 
concentrations. The temperature dependence of the relaxation rate 
of the AI shallow acceptor centre in undeformed silicon is determined 
for the first time. The constant of the hyperfine interaction between 
the magnetic moment of the muon and that of the electron shell of 
the muonic atom and the coefficient for capture of free electrons by a 
neutral aluminium atom in silicon are estimated [26]. 

The study of the Ce:1Pd2oSi5 compound, one of the heaviest elec
tron system, was carried out in 2000. Below 0.4 K the increase of 
the muon spin depolarization rate represents development of quasi
static ordering of magnetic moments of electronic origin supposedly 
random oriented. The clear frequency shift of muon spin precession 
at the external transverse field was seen. This fact may be attributed 
to the increasing total moments of the superparamagnetic cube con
taining 8 Ce atoms and their ferromagnetic ordering with decreasing 
temperature [27]. The investigation of the system Ce3Pd2oGe5 is also 
started. 

The feasibility experiments were performed to investigate the prop
erties of a liquid crystal whose molecule contains iron atoms. The com
pounds of this type are of interest from the point of view of obtaining 
liquid crystals with magnetic properties. The results obtained do not 
contradict the suggestion that the iron ions form an antiferromagneti
cally ordered structure in this liquid crystal at the temperature below 
80 K [28]. 

The JINR-PNPI collaboration prepares a setup for searching for 
the two-particle muon decay on an electron and Goldstone's massless 
boson (FAMILON porject). This decay violates the lepton number 
conservation law and therefore is forbidden in the standard model. 

In 2000 the assembling of the proportional chambers for the spec
trometer was finished and the methodological tests were performed in 
PNPI. The new data acquisition system was also tested. The equip-
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ment was transported to Dubna and was assembled on the surface 
muon beam of the JINR phasotron. The acljustmeut of the cham
bers was performed. The data acquisition was tested in the actual 
conditions, the tests with radioactive sources were performed. 

The Monte-Carlo calculations demonstrated that with the present 
configuration of the FAMILON setup the energy resolution for the 
muon decay positrons at a level of 10-:} can be reached. The resolution 
allows one to achieve 3-fold improvement of the TRIU:tviF results. In 
the present experimental conditions (when 10'' muons stop per second 
in the target and the angle aperture is equal to ±5°) the resolution 
can be obtained during 300 hours of data taking. 

In 2001 progress in the study of the two-body decay of the muon 
would be provided by the use of the "active target" consistiug of foils 
and thin drift chambers in the magnet. A prototype of the "active 

target" is prepared at PNPI. 

Precision measurement of the 277-keV ~~-ray produced by captur
ing muons in gaseous oxygen p- +16 0 --'> v + 16N** --'> 

16N* + 1 
was performed with high-resolution HPGe detectors at the PSI ttE4 
channel (AC/ J1C project). The Doppler-broadened shape of this line 
is sensitive to the possible admixture of genuine scalar interaction to 
muon capture. This experiment complements, in the muon sector, 

similar ones undertaken recently in nuclear /3-decay. 
Although V-A interaction is postulated in the standard model, the 

modern extensions of this model (like R-parity violating supersym
metry, leptoquarks, etc) allow a possible admixture of fundamental 
S-coupling. The genuine scalar interaction C,'; would contribute to 
various observable quantities in ordinary muon capture summed with 
the induced scalar coupling gs which is expected to be small. A fit 
(Fig. 21) to the experimental line shape allowed one to obtain the 
recoil-gamma correlation coefficient value a~ = 0.096 ± 0.041 (95% 

C.L.). 
In evaluation of the contributing nuclear matrix clements this vetlnc 

constrains the range of the scalar coupling constants to -0.2G < Cs < 
-0.07 (95% C.L.). The inaccmacy is dominated by the raugc of possi-
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hie variatious of tlw uudf'ar matrix clcllH'llts nncl thus could he reduced 
in the future (Fig. 22). This constraint is iudcpcndmt of the PCAC
prccliction for the i!l<luccd pst'udoscillm coupling quest iuncd n'ccnth· 
iu radiative llli!Oll-('apt Hn' [:>OJ. 
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The i::l-dccay of :l:2 Ar accompanied b~· proton emission is the goal of 
the next experiment nncler the An Cor project ( ht\·estigation of bet a
neutrino angular correlation in supendlowcd bet a-cleca~' of short -li vee! 
nuclei). The fundamental aim of the project is accurate mcasnn'llle!tl. 
of the couplings of scalar and tensor weak interactions. forbidden in 
the standard model. 

The lJ-p coincidence technique used in the experiment allows o11c 

to measure a shift rather than a spread of protons following the t::l
decay. As the Doppler effect iu (3-p correlations ( ,...._, 1/1'") is essentially 
larger than in !3-''/ correlation ( rv 1/ r:), one should expect a greater 
sensitivity of the :l2 Ar experiment in comparison with the previous 
18Nc measurements of the AnCor collaboration. 

A successful test run was carried out at GANIL (Caen, France) in 
2000. The quality of the 32 Ar beam, the experimental conditions and 
the characteristics of the detector prototypes were found to meet the 
requirements. The main experiment is scheduled for 2001 2002. The 
experimental setup is under construction. 

The international experiment NEM0-3 is aimed at studying nu
clear double beta decays with the potential to measure a Majorana 
neutrino mass at the level of 0.1 eV. About 50 scientists from Russia, 
France, USA, Finland and Czech Republic take part in this project. 
A total of 10 kg of isotopically enriched samples e00 l'v1o, 130Te, 82Se, 
1" 0Nd, 'lGzr, 48 Ca) will be measured simultaneously with the NEM0-
3 setup to investigate both neutrinoless and two-neutrino modes of 
double beta decay. 

During 2000 the main part of the NEM0-3 detector was assembled 
in the Frejus underground laboratory (France) at the depth of 4800 
metres of water equivalent. The detector consists of 6180 Geiger coun
ters and 1940 plastic scintillators assembled into 20 segmented sectors. 
In 2000 eight sectors were mounted with isotopically enriched 100Mo, 
130Tc and control non-enriched samples. The first test runs were car
ried out with three totally equipped sectors. The test runs showed per
fect capability of the setup with expected background counting rate. 
Several calibration measurements with the 6°Co and 207Bi sources were 
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performed and gave the first useful information about the real energy 
and time resolution of the detector [31]. Special computer programs 
arc developed for data taking and analysis. 

In 2001 the collaboration plans to assemble all 20 sectors of the 
NEI\I0-3 detector, to construct the iron shield around the detector, 
to develop and construct the neutron shielding. In November 2001 
the detector will start the long-term data collection with 10 kg of 
isotopically enriched samples. 

Search for the Double Beta Decay of 48 Ca was fulfilled in the Ra
diochemical departrent of DLNP with the TGV setup. The TGV 
collaboration has studied the double beta decay of 48 Ca with a low
background and high-sensitivity Ge multidetector spectrometer TGV 
(Telescope Germanium Vertical). The results Ti/~,8 = (4.2 :U) x 

1019 years and T~/~,8 > 1.5 x 1021 years (90% C.L.) for double beta 
decay of 48 Ca were obtained after the processing of the experimental 
data collected within 8700 hours of measurement with approximately 
1 gramme of 48 Ca [32]. 

In 2000 the International Germanium EXperiment (IGEX), on in
vestigation of the double beta decay modes of germanium, analysed 
about 10 kg-years of data from isotopically enriched (86% in 76 Ge) 
germanium detectors. During 2000 the experiment was conducted si
multaneously in Canfranc (Spain) and Baksan (Russia) for collection 
of data for double beta decay with three 2-kg detectors at Canfranc 
(2450 metres of water equivalent) and with four 1-kg detectors in the 
underground laboratory (660 m w.e.) at Baksan. The average back
ground level of about 0.15 counts per keVxkgxyr was achieved for 
all detectors. With Pulse Shape Discrimination applied to the recent 
data, the lower bound on the half-life for neutrinoless double beta de
cay of16Ge was deduced: 1.57 x 1025 yr (90% C.L.). This corresponds 
to the upper bound on the Majorana neutrino mass between 0.33 eV 
and 1.35 eV depending on the choice of theoretical nuclear matrix 
elements used in the analysis. 

In 2001 construction of the fourth 2-kg detector will be completed 
and the detector will start to operate. Data collection aimed at search-
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ing for dark matter and the neutrinolcss and two-neutrino double beta 
decays with four 2-kg detectors at Canfranc (with Pulse-Shape Dis

crimination) will be continued. 
In 2001 the Baksan group will continue data collection \vith fom 

1-kg detectors aimed at searching for both dark matter and double 
beta decay in the old underground laboratory (660 m \V.c.) awl will 
make its best to begin measurements in the new deep underground 

laboratory (5000 m w.e.) at I3aksan. 

The behaviour of the basic characteristics of the silicon and gcrmrz

niurn detectors in the temperature range 1 77 K is thoroughly studied 
[34]. A device varying the detector temperature in various steps and 
maintaining it to 0.1 K for a long time (over 24 hours) is developed. 
Limits of using the most popular types of semiconductor detectors as 
spectrometric instruments at ultralmv temperatures arc investigated 
with a view to requirements of some physical problems, such as search 
for dark matter, study of oriented radioactive nuclei, etc. It is shown 
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that silicon and germanium detectors can retain spectrometric proper
tics dmvn to 1 K under certain conditions. The investigated detectors 
of each type (surface-barrier, implanted, and lithiurn-clrift ones) have 
specific features of their own to be taken into account nuder cryo
genic conditions. It is shown for the first time that Si(Li) detectors 
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of secondan· particles can be used in the temperature range 1 10 K 
(that the effect oft heir ··polarizations·· cau be climinnted) if high (over 
12500 V / cm) electric fields arc genera ted ( 23). 

Contribution of the R-parity ,·iolating supcr5ymmctry to the muon
to-elect ron conversion is st udiccl. new stri ngcnt constraints on the R
paritv violatiug parameters arc obtained from the the experimental 
data. The significant contribution from the strange nucleon sea is 
found. Effect of resonant culwncel!Jent of f\Iajorana ucutrino contri
lmtion to the semileptonic K-nicson decays is predicted and studied. 
Stringent constraints 011 masses and mixings of hc<n-y neutrinos arc 
derived. Generic properties of lepton rmmber violating processes and 
their rdatiou to different entries of the f\Iajorana neutrino mass ma
trix arc studied. New phenomenologicaL astrophysical and cosmolog
ical issues of sterile neutrinos arc investigated. Their impact on the 
accelerator neutrino counting experiments, big bang nuclear synt he
sis <urcl supernova explosion are analvsed [:35]. New single spin CP
()(ld asymmetries in polarized proton-proton scattering arc proposed. 
1\Icchanisms beyond the stanclarclmoclcl generating these asymmetries 
me found and possible size of CP-violating effects is predicted [36]. 

In 2001 under the supcrsymmetry phenomenology project in DLNP. 
the sterile neutrinos in SUSY models will be studied: the formalism 
for the muon- to- (anti) muon, electron, positron conversion will be de
veloped; general properties of the lepton number/flavour violation and 
rdation between neutrino oscillations and rare decays will be investi
gated. The CP-violation in meson decays as well as SUSY mechanisms 
of CP-violation will also be considered. The role of the large extnl di
mensions in the rare processes will be studied. 

Relativistic nuclear physics 

The FASA project studies the mechanism of the , nuclear thcnual 
nmltifra.gmcntation" induced in heavy targets by light relativistic ions. 
The FASA collaboration includes scientists from Dulma, Kurchatm· 
Institute, Institute for Nuclear Research (f\Ioscow), H.Nie\vodnicz-
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anski Institute of Nuclear Physics (Cracow), TU-Darrnstdt (Darrn
stadt), Iowa State University. In 1994 the FASA group proved for the 
first time through fine angular correlation measurements for the inter
mediate mass fragments (Il\IF, 2 < Z < 20) that this process is a new 
multibody decay of very hot nuclei, governed mainly by the thermal 
excitation energy. 

In 2000 the II'viF energy spectra were studied. These spectra reflect 
(due to the Coulomb law) geometry and dynamics of the expansion 
of source-• of the emitted IMF. By comparing the data from p+Au 
collisions with the data from reactions induced by heavier projectiles 
( 4He and 12C) a transition from pure statistical process to a more 
complex (dynamical) process with a collective IMF flow was observed. 
The spatial distribution of the fragments can be deduced from the 
observed collective component of the IMF kinetic energy. 

The experiments were performed with the modified 4Jr-setup FASA 
installed at the external beam of the JINR Synchrophasotron (Nu
clotron). Figure 24 shows the mean kinetic energies per nucleon of 
fragments emitted in collisions of p (8.1 GeV), 4 He (14.6 GeV) and 
12C (22.4 GeV) collisions with Au. The calculated values of the mean 

42 

() 

\ 
.2 
> v 

RJRsys 

o.osl t I o.96 

1 0.84 

-~ -10.72 0.06 

~- I 0.60 -- -------.t~:.:.:----- ....... _____________ , _______ -I 0.48 

~'it,t+J~ ::: 
0.04 

0.02 1-

0.12 

0 
L__ 4 6 8 10 12 ° 

z 

Figure 25: Experimentally 
deduced mean flow velocities 
(triangles) for 12C+Au colli
sions as a function of the frag
ment charge (left scale), and 
the mean relative radial co
ordinates of fragments (right 
scale), obtained under the as
sumption of a linear radial 
profile for the expansion ve
locity. The dashed line shows 
the mean radial coordinates 
of fragments according to the 
SMJ\1. 

kinetic energy per nucleon (E)/ Arl\IF (lines) are obtained with the com
bined approach, which includes the empirically modified Intranuclear 
Cascade Code (INC*) followed by the Statistical Multifragmentation 
1\Iodel (SMM) [37]. For the proton-induced reactions the measured en
ergies are close to the calculated energies, but the experimental data 
for 4He and 12C exceed remarkably both the calculated and measured 
values for pAu interaction. This enhancement is connected with the 
radial collective flow (due to the thermal pressure) in the system of 
the target spectator which is hotter in the case of heavier projectiles. 
The flO\v energy of fragments is estimated [37, 38] as a difference be
tween the measured IMF-energy and the energy calculated without 
any flow (see lines in Fig. 24). The corresponding mean flow veloci
ties for different fragments are given in Fig. 25. The right scale gives 
the relative mean radial coordinates of the fragments. It is obtained 
under the assumption of self-similar radial expansion when the local 
velocities are linearly dependent on the distance of the particle from 
the centre of mass. The dashed line shows the mean radial coordinate 
of fragments according to the Statistical Multifragmentataion Model. 
The remarkable deviation of the data from the model prediction can 
be caused by the uniform density distribution used and therefore by 
a rather constant probability of fragment formation at any point of 

43 



the available volume. The data indicate that heavy fragments arc 

predominantely located in the interior of a nucleus. 

The present study shows that in spite of the success of the sta
tistical rnultifragrnentation models, the description of the break-up 

condition might be still too simplified. The fragment energy spectrn 

(and their correlations with the fragment multiplicity [39]) provide 
sensitive probes for the source configuration and emission dynamics. 

In 2001 the programme of investigations will be realized with a 
modified FASA setup. The new counter array was developed. It in

dudes 2.5 !J.E - E telescopes for correlation measurements and gives 
a better possibility for measuring IMF -IMF angular (and relative ve

locity) correlations, which are important for the time scale study. The 
triggering efficiency will be improved by a factor of 6. In 2001 the 
new data concerning the dependence of the decay time of the sys
tem on the excitation energy and the projectile mass will he obtained. 

The collaboration also expects the data on the evolution of the decay 

mechanism of very hot nuclei from pure thermal multifragrnentation 

to that influenced by the dynamic effects. New information on the 
space configuration of the system at the moment of disintegration will 

be gained from IMF kinetic energy measurements correlated with frag

ment multiplicity and charge. The external beam of JINR Nuclotron 
provides the best conditions for the realization of this programme. 

Applied scientific research 

The project Low-Energy Particle Toroidal Accumulator (LEPTA) 
(Fig. 26) is aimed at constructing of a small positron storage ring 

with electron cooling of circulating positrons. The goal of this de

vice is generation of intense streams of electron-positron bound states, 
known as positronium, and (together with low-energy antiprotons) for 

the t1ynthesis of antihydrogen atoms copiously. 
Design of the storage ring clements is accomplished. The solenoid 

of the electron cooling section is constructccl, tested and ncljustcd. The 
magnetic field inhomogeneity is less than 10 :l, which corresponds to 
the design valnc. Other clements of the magnetic system an· llll-
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dcr construction. The vacuum chambn of the ring is designed. con
structed alHl tested. The minimum rcsidtwl gas prcst-ltuc obt ainecl 

is 10- 7 Torr. The preparation of the baking procedure is in the fi
Jta.l stage. The conceptual design of the positron injector is ready. 

The positron injector based 011 radioactive isotopes and the iuttTmc

diatc penning- type trap provides an injected beam intensity of 108 
positrons, which permits an ortho-positronimn flux of about 104 s- 1. 

f<:lemcnts of the clertron cooling system arc dct1igncd 011 the basis of 
DLNP test bench. A method of the cooling process inYcstigat ion is 
daborated and required diagnostics is designed. 

The conceptual design of the first experiments with positnmium 
in flight is ready. It includes direct comparison of the electron and 
positron electric charges awl ortho-positronimnlifctimc measmcliH'nts. 

The expected experimental rcsolntiou is 5 x 10 111 fur the chmgc dif!"cr

('!lCC awl lo- '' for the positronitllll lifetime, which C'xceccls the present 
level by two and one order of magnitude respectively. 

I3ascd on the llfcdico-ff'chnical unnplc:r and medical hadron hcil!liS 

from the .JINR Phasotron. medico-biological and clinical research ou 

t n·atmcnt of t nmour patients. improvcJtH'llt. of equipment. and dcvcl
(JpllH'Jtt of 11('\V radiot.hcrctp\· methods and <H"CO!llpanying diaguosis arc 
(anicd out at. tltc D:.dH'lcpov Lahoratmy of Nuclear Problems. 
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In 2000 the clinical investigations on proton treatment of tumour 
patients at the Phasotron \Vcrc extended. A total of 3G patients were 
given a course of fractionated racli<ttion treatment with the medical 
150-MeV proton beam (together \vith subsequent gamma therapy). 
The total number of proton sessions was 409. Another 17 tumom 
patients were given radiation treatment only on the Rokus-l\I gamma 
facility. 

Special devices for modification of the Bragg peak of the proton 
beam have been developed, manufactured and tested. They allow 
a beam with a fiat-top Bragg peak 2.5, 3.5, and 4.5 g/crn2 long to 
be formed in treatment room 1, which makes radiation treatment of 
malignant tumours more effective. 

In 2000 thermoluminescent and track detectors were exposed to 
the medical proton beam from the JINR Phasotron to determine their 
radiotherapeutic proton beam characteristics and to measure LET 
spectra and thus to find the contribution to the close from secondary 
particles. Dosimetric calibration of the therapeutic gamma facility 
Rokus-M and clinical dosimeters used for dose supply in proton ther
apy sessions was carried out together with the specialists from the 
Institute of Nuclear Physics (Prague) [40]. 

The molecular and radiation genetics group continued experimen
tal investigation of the nature of inherited radiation-induced recessive 
mutations and their locations on the gene map using the polymerase 
chain reaction (PCR) method [41]. 

At the exhibition "Moscow region on the threshold of the new cen
tury" the Joint Institute for Nuclear Research was awarded a gold 
medal for its medico-technical complex for hadron therapy. 

A new-generation cryogenic surgical apparatus which deeply freezes 
biological tissues with a two-phase jet of liquid nitrogen is developed at 
the Dzelepov Laboratory of Nuclear Problem [42]. It allows a surgeon 
to select and regulate a cooling power, to cool tissues directly by a 
cryogen jet, to freeze tissue through replaceable tips of various shapes 
and size, to select cooling time, etc. The neighbouring normal tissues 
are highly protected against the direct effect of the cryogen. 
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