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Â íàñòîÿùåå âðåìÿ âî âñåì ìèðå áîëüøîå âíèìàíèå
óäåëÿåòñÿ èññëåäîâàíèÿì ðåëÿòèâèñòñêèõ ñòîëêíîâå-
íèé òÿæåëûõ èîíîâ. Ýòî îáóñëîâëåíî òåì, ÷òî ïðè òàêèõ
ñòîëêíîâåíèÿõ, â ïðèíöèïå, âîçìîæíî îáðàçîâàíèå
àäðîííîé ìàòåðèè ñ áîëüøîé ïëîòíîñòüþ ýíåðãèè.
Îáðàçîâàíèå äîìåíîâ ñ âûñîêîé ïëîòíîñòüþ ýíåðãèè
ìîæåò äàòü âîçìîæíîñòü èññëåäîâàòü ìàòåðèþ â íå-
îáû÷íîì ñîñòîÿíèè, êîòîðîå íàáëþäàëîñü íà ðàííåé
ñòàäèè îáðàçîâàíèÿ è ðàçâèòèÿ Âñåëåííîé.

Àíàëèç ñòîëêíîâåíèé ðåëÿòèâèñòñêèõ ÿäåð ïîçâî-
ëèò ïîäîéòè ê ðåøåíèþ è äðóãèõ èíòåðåñíûõ ïðîáëåì,
òàêèõ êàê ïðîÿâëåíèå êâàðê-ãëþîííûõ ñòåïåíåé ñâîáî-
äû â ÿäðàõ, ôàçîâûé ïåðåõîä ìåæäó îáû÷íîé ÿäåðíîé
ìàòåðèåé è êâàðê-ãëþîííîé ïëàçìîé (ÊÃÏ), òî åñòü ÷à-
ñòè÷íîå âîññòàíîâëåíèå êèðàëüíîé ñèììåòðèè ÊÕÄ,
ôîðìèðîâàíèå ÷àñòèö â ïëîòíîé ñðåäå è ìí. äð. Ïîñòà-
íîâêà òàêèõ çàäà÷ ìîæåò áûòü îñóùåñòâëåíà íà íóêëî-
òðîíå (ÎÈßÈ), íà óñêîðèòåëå RHIC òÿæåëûõ ðåëÿòè-
âèñòñêèõ èîíîâ (Áðóêõåéâåí, ÑØÀ), íà áóäóùåì óñêî-
ðèòåëå LHC (ÖÅÐÍ) è äð.

×òî êàñàåòñÿ ÊÃÏ, òî ê íàñòîÿùåìó âðåìåíè îáíà-
ðóæåí ðÿä ðåçóëüòàòîâ ïî ñòîëêíîâåíèþ ðåëÿòèâèñò-

ñêèõ èîíîâ, êîòîðûå óäàåòñÿ îáúÿñíèòü íà îñíîâå
ñòàíäàðòíûõ ïîäõîäîâ, òî åñòü áåç «ýêçîòèêè». Òàêèå
õàðàêòåðèñòèêè, îòíîñèòåëüíî êîòîðûõ åñòü ïîäîçðå-
íèå, ÷òî îíè ÿâëÿþòñÿ ñëåäñòâèåì ñóùåñòâîâàíèÿ ÊÃÏ,
â ñîâðåìåííîé íàó÷íîé ëèòåðàòóðå íàçûâàþò ñèãíàëà-
ìè îáðàçîâàíèÿ ÊÃÏ. Øèðîêî îáñóæäàþòñÿ ñëåäóþùèå
ñèãíàëû: èçáûòî÷íûé âûõîä äèëåïòîíîâ ñ èíâàðèàíò-
íîé ìàññîé, ìåíüøåé ìàññû ρ-ìåçîíà â âàêóóìå
(in-medium effect), àíîìàëüíîå ïîäàâëåíèå âûõîäà
J /Ψ-÷àñòèö è äð. Îäíàêî äîñòîâåðíûõ äîêàçàòåëüñòâ ãå-
íåðàöèè ÊÃÏ ïîêà åùå íåò, åñòü ëèøü óâåðåííîñòü îò-
íîñèòåëüíî îáðàçîâàíèÿ ñìåøàííîé ôàçû, ñîñòîÿùåé
èç êâàðêîâ è ãëþîíîâ âìåñòå ñ îáû÷íûìè àäðîíàìè, à
òàêæå ïðîöåññà äåêîíôàéíìåíòà. Äàëüíåéøèå íàäåæäû
ñâÿçàíû ñ ââîäîì â ñòðîé êîëëàéäåðà LHC â ÖÅÐÍ
(ALIÑE). Â òàêèõ óñëîâèÿõ îñîáîå âíèìàíèå ïðèâëåêà-
þò èññëåäîâàíèÿ ïðè áîëåå íèçêèõ ýíåðãèÿõ, ãäå òàêæå
âîçìîæíî ïðîÿâëåíèå in-medium-ýôôåêòîâ, òî åñòü ïå-
ðåíîðìèðîâêà ìàññ àäðîíîâ (íàïðèìåð, âåêòîðíûõ ìå-
çîíîâ) è êîíñòàíò ñâÿçè â îáû÷íûõ ÿäðàõ. Áîëåå òîãî,
ñåé÷àñ ïðèíÿòî ñ÷èòàòü, ÷òî ìîäèôèêàöèÿ àäðîíîâ â
ñðåäå ÿâëÿåòñÿ ôóíäàìåíòàëüíûì ñâîéñòâîì ñèëüíûõ
âçàèìîäåéñòâèé. Òàêóþ ìîäèôèêàöèþ ñâÿçûâàþò ñ ÷à-
ñòè÷íûì âîññòàíîâëåíèåì êèðàëüíîé ñèììåòðèè ÊÕÄ
(êîòîðàÿ íàðóøåíà â âàêóóìå ÊÕÄ). Õîòÿ îòíîñèòåëüíî
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Recently, there has been considerable interest in the
study of highly relativistic heavy-ion collisions. Such inter-
est stems from the possibility of creating hadron matter of
high energy density. The creation of a domain of high ener-
gy density may allow one to study matter in the unusual
state, as exists in the history of the early universe. The inter-
actions of relativistic nuclei offer a possibility of studying
many problems: manifestations of quark and gluon degrees
of freedom in nuclei, a phase transition between ordinary
matter and guark-gluon plasma, jet quenching in nuclei and
so on. This possibility will be explored with the Nuclotron
(JINR, Dubna), and with the accelerators BNL’s Relativistic
Heavy Ion Collider (RHIC) and CERN’s Large Hadron Col-
lider (LHC). The specific «signals» of quark-gluon plasma
(QGP) formation, i. e., the observables, for which the be-
haviour contradicts the expectations, have been detected.
The most prominent signatures suggested and widely dis-
cussed are: the excess of dileptons with invariant mass be-
low that of ρ (in-medium effect for ρ) and the J /Ψ suppres-
sion in the relativistic heavy-ion collisions.

Unfortunately, the contemporary data concerning rela-
tivistic heavy-ion collisions can be explained in the frame-
work of the standard scenario; i. e., there is no confidence in
production of QGP yet. In such a situation, it is necessary to
understand the properties of ordinary particle production
mechanisms in simpler reactions than in relativistic colli-
sions of heavy ions. Moreover, a medium modification of
hadron properties is one of the fundamental questions of
strong interaction physics. This sphere of scientific activity
is at the intersection of particle and nuclear physics. Chiral
symmetry is partly restored in the nuclear medium. Virtual
nuclear pions are important components of this restoration.
Upon discovering the EMC effect (the first in-medium ef-
fect on the quark gauge), of great importance became the
problem of detection of the signals of similar effects in dif-
ferent nuclear reactions at intermediate energies. For this

purpose, K + mesons are most suitable, since they can probe
the whole volume of nuclei owing to their small cross sec-
tions of an interaction with nucleons. However, partly due to
our present lack of knowledge about the details of the con-
fined mechanism, we are far away from a possibility of re-
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in-medium-ýôôåêòà îïðåäåëåííàÿ èíôîðìàöèÿ óæå
áûëà, âïåðâûå ïðèñòàëüíîå âíèìàíèå ê ýòîìó ýôôåêòó
áûëî îáðàùåíî ïîñëå îòêðûòèÿ íà êâàðêîâîì óðîâíå
EMC-ýôôåêòà â ãëóáîêîíåóïðóãîì ðàññåÿíèè ëåïòîíîâ
íà ÿäðàõ. Ïîñëå ýòîãî ñðàçó æå âîçíèê âîïðîñ: ìîæíî ëè
îáíàðóæèòü ýôôåêòû, â êàêîé-òî ìåðå àíàëîãè÷íûå
EMC-ýôôåêòó, íî ñ ïåðâè÷íûìè àäðîíàìè. Äëÿ èññëå-
äîâàíèÿ òàêèõ âîïðîñîâ ïîäõîäÿò ÷àñòèöû ïðîìåæóòî÷-
íûõ ýíåðãèé è ñî ñòðàííîñòüþ +1, íàïðèìåð K + -ìåçîí.
Êîíå÷íî, çäåñü ïðèõîäèòñÿ ïðèáåãàòü ê ôåíîìåíîëîãèè,
òàê êàê èç-çà èçâåñòíûõ òðóäíîñòåé ÊÕÄ ìû íå ìîæåì
ðàññ÷èòûâàòü ìíîãèå àäðîííûå ïðîöåññû íà îñíîâå åå
«ïåðâûõ ïðèíöèïîâ».

Â Ëàáîðàòîðèè òåîðåòè÷åñêîé ôèçèêè èì. Í. Í. Áî-
ãîëþáîâà áûëà ðàçðàáîòàíà ìîäåëü äëÿ èññëåäîâàíèÿ
àäðîí-ÿäåðíûõ âçàèìîäåéñòâèé ïðè ïðîìåæóòî÷íûõ
ýíåðãèÿõ. Òåîðåòè÷åñêóþ îñíîâó ìîäåëè (ñîåäèíåíèå
òåîðèè Ãëàóáåðà ñ ìîäåëèðîâàíèåì ïî ìåòîäó Ìîí-
òå-Êàðëî) ñîñòàâèëè ïîäõîäû, óñïåøíî èñïîëüçóåìûå â
ðàáîòàõ ïî àíîìàëüíîìó ïîäàâëåíèþ J /Ψ-÷àñòèö áåç
ÊÃÏ. Ïðåäëîæåííàÿ ìîäåëü óëó÷øàåò ñîãëàñèå òåîðèè
ñ ýêñïåðèìåíòîì ïî ñðàâíåíèþ ñ ðàáîòàìè äðóãèõ àâòî-
ðîâ. Îäíàêî îñòàåòñÿ çàìåòíîå «îêíî» äëÿ ââåäåíèÿ
«ýêçîòèêè» òèïà in-medium-ýôôåêòà. Â íàñòîÿùåå âðå-
ìÿ èññëåäóåòñÿ ïðèðîäà òàêîé ýêçîòèêè (ðåäóêöèÿ ìàñ-

ñû â ÿäðå, ÷àñòè÷íîå âîññòàíîâëåíèå êèðàëüíîé ñèììå-
òðèè ÊÕÄ è ò. ä.).

Ñëåäóåò îòìåòèòü, ÷òî ñåé÷àñ â ëèòåðàòóðå øèðîêî
îáñóæäàåòñÿ îòêðûòàÿ ÿïîíñêèìè è íåìåöêèìè ôèçèêà-
ìè in-medium-ñïåêòðîñêîïèÿ ìàññ àäðîíîâ. Íà XVI Ìå-
æäóíàðîäíîé êîíôåðåíöèè ïî ÷àñòèöàì è ÿäðàì (Îñàêà,
ßïîíèÿ, 30 ñåíòÿáðÿ – 4 îêòÿáðÿ 2002 ã. (PaNic02))
áûëî ïðèâåäåíî çíà÷åíèå ïàðàìåòðà ÷àñòè÷íîãî âîñ-
ñòàíîâëåíèÿ êèðàëüíîé ñèììåòðèè äëÿ ïèîíîâ â ÿäðå
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ñåé÷àñ ñóùåñòâóþò ïðîåêòû ýêñïåðèìåíòîâ ïî îáíàðó-
æåíèþ â ÿäðàõ óçêèõ ñâÿçàííûõ ñîñòîÿíèé, òàêèõ êàê
ρ-ìåçîí è î÷àðîâàííûé D-ìåçîí. Õîòÿ ýòè ïåðñïåêòèâ-
íûå èññëåäîâàíèÿ åùå íå çàâåðøåíû, ìîæíî íàäåÿòüñÿ,
÷òî îíè äàäóò íîâûå èíòåðåñíûå ðåçóëüòàòû, êîòîðûå
ïðîÿñíÿò íàøå ïîíèìàíèå ïðèðîäû ñèëüíûõ âçàèìî-
äåéñòâèé â ÿäåðíîé ñðåäå äîïîëíèòåëüíî ê ðåçóëüòàòàì,
êîòîðûå áóäóò ïîëó÷åíû ïðè èññëåäîâàíèè ðåëÿòèâèñò-
ñêèõ èîíîâ.

Eliseev S. M. Submitted to «Eur. Phys. J. A».

Â Ëàáîðàòîðèè òåîðåòè÷åñêîé ôèçèêè èì. Í. Í. Áî-
ãîëþáîâà ðàçâèâàåòñÿ ïîäõîä ê âû÷èñëåíèþ äèíàìè÷å-
ñêèõ õàðàêòåðèñòèê ìåçîíîâ — ôîðìôàêòîðîâ, àìïëè-
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solving the problem of in-medium effects from «first princi-
ples». Every attempt to extract some information concern-
ing the in-medium effect from data will have (in part) the
phenomenological character.

At BLTP, a new model for hadron-nuclei interaction at
intermediate energy (IE) based on the Glauber approach
along with the Monte-Carlo simulation was proposed. The
main theoretical assumptions such as in the approaches of
other authors describing J /Ψ suppression in nuclear colli-
sions without invoking plasma were utilized. The model
improves the agreement between theory of other authors
and the data for the K + -nuclei scattering at IE, the «win-
dow» for some «exotics» still remains. The nature of that
«exotics» (mass reduction, i. e., the partial restoration of
chiral symmetry or «swelling», etc.) is now under consider-
ation.

In addition, a new type of in-medium hadron-mass
spectroscopy has been carried out by Japanese and German
scientists. For this purpose, the recoilless meson production
by the (d 3He) reaction at Td = 604.3 MeV has been used. A

decrease in the chiral order parameter R f f= =( )*
π π

free 2

= −
+0 78 0 09

012. .
. was reported at the XVI Particles and Nuclei In-

ternational Conference (Osaka, Japan, 30 September –
4 October, 2002 (PaNic02)). The ρ and charmed D mesons
can form narrow bound states with nuclei. The signature of
the partial restoration of chiral symmetry of these mesons in
the ground-state nuclei can be studied. However, the investi-
gation of such in-medium effects in the theory of nuclear re-
actions is still in its early stage and needs much more time to
clarify and exactly define the role played by the nuclear
medium for phenomena like that described above.

Eliseev S. M. Submitted to «Eur. Phys. J. A».

An approach to the QCD calculation of the dynamical
meson characteristics, such as form factors and distribution
amplitudes, is evolved at BLTP based on the QCD sum rules
with nonlocal condensates (NLC). These meson character-
istics are mainly determined by the values of the correlation
lengths l in QCD vacuum. Recent data on lattice measure-
ments of the gauge-invariant nonlocal scalar quark NLC
are analyzed to extract the short-distance correlation length
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òóä ðàñïðåäåëåíèÿ, îñíîâàííûé íà ïðàâèëàõ ñóìì ÊÕÄ
ñ íåëîêàëüíûìè êîíäåíñàòàìè (ÍËÊ). Ýòè ìåçîííûå õà-
ðàêòåðèñòèêè â çíà÷èòåëüíîé ìåðå îïðåäåëÿþòñÿ âåëè-
÷èíàìè äëèí êîððåëÿöèé l â ÊÕÄ-âàêóóìå. Â íåäàâíåé
ðàáîòå àíàëèçèðóþòñÿ ðåçóëüòàòû ïîñëåäíèõ èçìåðå-
íèé êàëèáðîâî÷íî-èíâàðèàíòíûõ êâàðêîâûõ ÍËÊ íà
ðåøåòêå. Òåñòèðóþòñÿ ðàçëè÷íûå ìîäåëè êîîðäèíàòíî-
ãî ïîâåäåíèÿ ÍËÊ, è èç äàííûõ äëÿ «çàìîðîæåííîé» è
«ïîëíîé» (ñ ôåðìèîííûìè ïåòëÿìè) ðåøåòîê èçâëåêà-
åòñÿ äëèíà êîððåëÿöèè llatt â êâàðêîâîì ÊÕÄ-âàêóóìå
íà ìàëûõ ðàññòîÿíèÿõ. Âåëè÷èíà llatt õîðîøî ñîãëàñóåò-

ñÿ ñ èçâåñòíîé îöåíêîé ìàñøòàáà êîððåëÿöèè 1 2/ llatt ≈

≈ = = ÷λ σµν µνq q ig G q qq2 0 4 0 55( ) , , ÃýÂ 2, ïîëó-

÷åííîé èç ïðàâèë ñóìì ÊÕÄ. Ïðîñëåæèâàåòñÿ ñâÿçü
äëèíû êîððåëÿöèè ñ ïèîííîé àìïëèòóäîé ðàñïðåäåëå-
íèÿ òâèñòà 2; óñòàíîâëåíî êîëè÷åñòâåííîå ñîãëàñèå
ýòèõ îöåíîê ñ ïîñëåäíèìè ýêñïåðèìåíòàëüíûìè äàííû-
ìè CLEO ïî ôîòîðîæäåíèþ ïèîíà.

Bakulev A. P., Mikhailov S. V. // Phys. Rev. D. 2002. V. 65.
P. 114511.

Ëàáîðàòîðèÿ âûñîêèõ ýíåðãèé
èì. Â. È. Âåêñëåðà è À. Ì. Áàëäèíà

Íà ñòàòèñòèêå 66075 ñîáûòèé ðåàêöèè
np np→ + −π π np-âçàèìîäåéñòâèé ïðè Pn = ±( ,5 20

±0 16, ) ÃýÂ/ñ â 1-ìåòðîâîé âîäîðîäíîé ïóçûðüêîâîé êà-
ìåðå ËÂÝ ÎÈßÈ îáíàðóæåíî 10 ðåçîíàíñîâ â ñïåêòðå
ýôôåêòèâíûõ ìàññ π π+ −-ìåçîíîâ. Ïðè ýòîì èñïîëüçî-
âàí êðèòåðèé cos *Θ p > 0. Çíà÷åíèÿ ýôôåêòèâíûõ ìàññ

ðàâíû ( )347 12± , ( )418 6± , ( )511 12± , ( )610 5± ,
( )678 17± , ( )757 5± , ( )880 12± , ( )987 12± , ( )1133 15± è
( )1285 22± ÌýÂ/ñ 2 ñ ïðåâûøåíèåì íàä ôîíîì 2,9, 5,2,

3,5, 1,4, 2,0, 8,5, 4,8, 3,8, 5,2, è 6,0 ñòàíäàðòíûõ îò-
êëîíåíèé ñîîòâåòñòâåííî. Ñâåäåíèÿ î ðåçîíàíñå ñ ìàñ-
ñîé M R = 757 ÌýÂ/ñ 2 âêëþ÷åíû â «RPP-2000»,

«RPP-2002». Ýêñïåðèìåíòàëüíûå øèðèíû íàõîäÿòñÿ â
äèàïàçîíå îò 16 äî 94 ÌýÂ/ñ 2. Òàêèõ ýôôåêòîâ íå îáíà-
ðóæåíî â π π− 0-êîìáèíàöèÿõ â ðåàêöèè np pp→ −π π0,

÷òî óêàçûâàåò íà çíà÷åíèå èçîòîïè÷åñêîãî ñïèíà I = 0
äëÿ íàéäåííûõ â π π+ −-ñèñòåìàõ ðåçîíàíñîâ. Çíà÷åíèÿ
ñïèíà îïðåäåëåíû äëÿ íàèáîëåå ñòàòèñòè÷åñêè îáåñïå-
÷åííûõ ðåçîíàíñîâ ïðè ìàññàõ 418, 511 è 757 ÌýÂ/ñ 2. Ñ

âûñîêîé ñòåïåíüþ âåðîÿòíîñòè J = 0 äëÿ ðåçîíàíñîâ ñ
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llatt and construct an admissible Ansatz for the NLC behav-
iour in coordinate space. The correlation length values for
both the quenched and full-QCD cases appear in good
agreement with the well-known QCD SR estimates of the
mixed quark-gluon condensate,

1 0 4 0 552 2/ ( ) . .l q ig G q qqqlatt ≈ = = ÷λ σµν µν GeV 2.

We test two different Ansatze for a quark NLC and trace
their influence on the twist-2 pion distribution amplitude by
means of the QCD sum rules. The main features of the pion
distribution amplitude are confirmed by the CLEO experi-
mental results.

Bakulev A. P., Mikhailov S. V. // Phys. Rev. D. 2002. V. 65.
P. 114511.

Veksler–Baldin Laboratory of High Energies

Ten resonances were found in the mass spectrum
of π π+ − system based on 66075 events from the reac-
tion np np→ + −π π in np interactions at Pn =

= ±( . . )520 0 16 GeV/c in the 1-m HBC of VBLHE by using
the criterion cos *Θ p > 0. These masses are the following:

( )347 12± , ( )418 6± , ( )511 12± , ( )610 5± , ( )678 17± ,
( )757 5± , ( )880 12± , ( )987 12± , ( )1133 15± , and
( )1285 22± MeV/c 2; their excess above background is 2.9,

5.2, 3.5, 1.4, 2.0, 8.5, 4.8, 3.8, 5.2, and 6.0 S.D., respectively.
The observed resonance at the mass M R = 757 MeV/c 2

has already been inserted in RPP-2000, RPP-2002. The ex-
perimental widths of the resonances vary within the region
from 16 to 94 MeV/c 2. Such effects were not found in π π− 0

combinations from the reaction np pp→ −π π0. Therefore,

it is necessary to attribute the value of isotopic spin I = 0 to
the resonances found in the mass spectrum of the π π+ − sys-
tem. The spin was estimated for the most statistically pro-
vided resonances at masses of 418, 511 and 757 MeV/c 2.
We determine with a high degree of confidence that
J = 0 for the resonances at M R = 757 MeV/c 2 and

M R = 418 MeV/c 2 and the most probable value of J = 0

for the resonance at M R = 511 MeV/c 2.
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ìàññàìè M R = 757ÌýÂ/ñ 2 è M R = 418 ÌýÂ/ñ 2. Íàèáî-

ëåå âåðîÿòíîå çíà÷åíèå J = 0 òàêæå è äëÿ ðåçîíàíñà ñ
ìàññîé M R = 511ÌýÂ/ñ 2.

Òàêèì îáðàçîì, îáíàðóæåíî ïî êðàéíåé ìåðå òðè
îñîáåííîñòè, ïðè ìàññàõ 418, 511 è 757 ÌýÂ/ñ 2, èìåþ-
ùèå êâàíòîâûå ÷èñëà σ 0-ìåçîíà 0 0+ ++( ). Âîçìîæíà

èíòåðïðåòàöèÿ íèçêîëåæàùèõ σ 0-ìåçîíîâ êàê ãëþáî-
ëîâ. Ïðîâåäåíî ñðàâíåíèå ñ äàííûìè äðóãèõ èññëåäîâà-
íèé. Ðàáîòà âûïîëíåíà â ãðóïïå Þ. À. Òðîÿíà.

1. Troyan Yu. A. et al. // JINR Rapid Communications. 1998.
No. 5[91]-98. P. 33; XIII International Seminar on High Energy
Physics Problems «Relativistic Nuclear Physics & Quantum Chro-
modynamics», Dubna, Russia, Sept. 1998.

2. Troyan Yu. A. et al. // Particles and Nuclei, Letters. 2000.
No. 6[103]-2000. P. 25; XIV International Seminar on High Ener-
gy Physics Problems «Relativistic Nuclear Physics & Quantum
Chromodynamics», Dubna, Russia, Sept. 2000.

3. Troyan Yu. A. et al. // JINR Rapid Communications. 1996.
No. 6[80]-96. P. 73.

4. Review of Particle Physics // EPJ C. 2000. V. 15. P. 405.

Àëüôà-êëàñòåðíàÿ ñòðóêòóðà ÿäåð ïîëó÷àåò íîâîå
ñâèäåòåëüñòâî â ïðîöåññàõ ïåðèôåðè÷åñêèõ èëè êâàçè-
íóêëîííûõ âçàèìîäåéñòâèé ðåëÿòèâèñòñêèõ ÿäåð â
ýìóëüñèè. Ó÷àñòíèêàìè ñîòðóäíè÷åñòâà «Áåêêåðåëü»
îáíàðóæåí íîâûé êëàññ ñîáûòèé ïîëíîé äèññîöèàöèè

ðåëÿòèâèñòñêîãî ÿäðà 24Mg â óçêèé êîíóñ ôðàãìåíòà-

öèè. Íà ôîòî â ïîñëåäîâàòåëüíîì ðàçâèòèè ïîêàçàíî

îäíî èç òàêèõ ñîáûòèé ïðè äèññîöèàöèè ÿäðà 24Mg íà

ïÿòü ÿäåð ñ çàðÿäîì äâà è äâà ÿäðà ñ çàðÿäîì îäèí (ñâåð-
õó âíèç). Òðåõìåðíûé îáðàç ñîáûòèÿ ðåêîíñòðóèðîâàí
êàê ïëîñêàÿ ïðîåêöèÿ ñ ïîìîùüþ àâòîìàòè÷åñêîãî ìè-
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Therefore, it can be affirmed that at least three states

with quantum numbers of σ 0 meson 0 0+ ++( ) have been

found at masses of 418, 511 and 757 MeV/c 2.

The fact that low-mass σ 0 mesons are glueballs is one
of the possible interpretations. Comparison with the data of
other papers has also been made.

The investigation has been performed in the group of
Yu. A. Troyan.

1. Troyan Yu. A. et al. // JINR Rapid Communications. 1998.
No. 5[91]-98. P. 33; XIII International Seminar on High Energy

Physics Problems «Relativistic Nuclear Physics & Quantum Chro-
modynamics», Dubna, Russia, Sept. 1998.

2. Troyan Yu. A. et al. // Particles and Nuclei, Letters. 2000.
No. 6[103]-2000. P. 25; XIV International Seminar on High Ener-
gy Physics Problems «Relativistic Nuclear Physics & Quantum
Chromodynamics», Dubna, Russia, Sept. 2000.

3. Troyan Yu. A. et al. // JINR Rapid Communications. 1996.
No. 6[80]-96. P. 73.

4. Review of Particle Physics // EPJ C. 2000. V. 15. P. 405.

Alpha clustering in a nuclear structure obtains a new
evidence in processes of peripheral or quasi-nucleon inter-
actions of relativistic nuclei in emulsions. Participants of the
new BECQUEREL collaboration have found a new class of

events of full dissociation of relativistic 24 Mg in a narrow

fragmentation cone. The photos in sequential evaluation

show one of such events of 24 Mg nucleus dissociation into

five double- and two single-charged nuclei (from top to bot-
tom). The 3D image is reconstructed as a projection by
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êðîñêîïà ÏÀÂÈÊÎÌ. Õàðàêòåðíûé ðàçìåð òî÷åê íà
òðåêàõ îêîëî 1 ìêì. Íà âåðõíåì ñíèìêå âèäíà âåðøèíà
âçàèìîäåéñòâèÿ ñ ðåëÿòèâèñòñêîé îäíîçàðÿäíîé ÷àñòè-
öåé îòäà÷è (òðåê, óõîäÿùèé âíèç) è ñòðóåé ÿäåðíûõ
ôðàãìåíòîâ. Íà ñðåäíåì ñíèìêå íàáëþäàåòñÿ ÷åòêîå îò-
äåëåíèå äâóõ îäíîçàðÿäíûõ ðåëÿòèâèñòñêèõ ôðàãìåí-
òîâ (òðåêè, óõîäÿùèå âíèç è ââåðõ) îò îñíîâíîé ñòðóè
ôðàãìåíòàöèè. Íà íèæíåì ñíèìêå âèäíî äàëüíåéøåå
ðàçäåëåíèå òðåêîâ îò ïÿòè äâóõçàðÿäíûõ ðåëÿòèâèñò-
ñêèõ ôðàãìåíòîâ.

Ëàáîðàòîðèÿ ôèçèêè ÷àñòèö

Ìîäóëè æèäêîàðãîíîâîãî àäðîííîãî òîðöåâîãî êà-
ëîðèìåòðà (ÍÅÑ) äëÿ óñòàíîâêè ATLAS îáëó÷àëèñü íà
ïó÷êàõ ýëåêòðîíîâ, ìþîíîâ è ïèîíîâ ïðè ýíåðãèÿõ
6 200≤ ≤E ÃýÂ óñêîðèòåëÿ SPS â ÖÅÐÍ. Â ðàáîòå îïè-
ñàí êàëîðèìåòð ÍÅÑ è òåñòîâàÿ óñòàíîâêà íà ïó÷êå.
Ïðåäñòàâëåíû ðåçóëüòàòû ïî ýíåðãåòè÷åñêîìó îòêëèêó
è ðàçðåøåíèþ êàëîðèìåòðà. Ïðîâåäåíî ñðàâíåíèå ðå-
çóëüòàòîâ èçìåðåíèé è ìîäåëèðîâàíèÿ. Ïîêàçàíî, ÷òî
ýíåðãåòè÷åñêîå ðàçðåøåíèå óñòàíîâêè äëÿ ñòðóé â òîð-
öåâîé îáëàñòè óäîâëåòâîðÿåò òðåáîâàíèÿì êîëëàáîðà-
öèè ATLAS.

Dowler B. et al. // Nucl. Instr. Meth. A. 2002. V. 482.
P. 94–124.
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means of the PAVICOM automatic microscope. The typical
size of track points is of the order of 1 µm. An interaction
vertex with a single-charged relativistic recoil particle (a
track going down) and a nuclear fragment jet is seen on the
top photo. Clear separation of two single-charged fragments
(tracks going up and down) from a major jet is seen on the
middle photo. The bottom photo demonstrates a clear track
separation of five double-charged fragments.

Laboratory of Particle Physics

Modules of the ATLAS liquid argon Hadronic End-cap
Calorimeter (HEC) were exposed to beams of electrons,
muons and pions in the energy range 6 200≤ ≤E GeV of
CERN’s SPS. A description of the HEC and of the beam test
setup is geven in Ref. [1]. Results on the energy response
and resolution are presented and compared with simula-
tions. The ATLAS energy resolution for jets in the end-cap
region is inferred and meets the ATLAS requirements.

1. Dowler B. et al. // Nucl. Instr. Meth. A. 2002. V. 482.
P. 94–124.

Ñîáûòèå ïîëíîé äèññîöèàöèè ðåëÿòèâèñòñêîãî ÿäðà 24Mg íà ïÿòü ÿäåð ñ çàðÿäîì äâà è äâà ÿäðà ñ çàðÿäîì îäèí â ïîñëåäîâàòåëü-

íîì ðàçâèòèè (ñâåðõó âíèç)

Event of relativistic 24Mg nucleus full dissociation into five double- and two single-charged nuclei in sequential evaluation (top to bottom)



Ðåçóëüòàòû ôîíîâûõ èçìåðåíèé íà ïðîòîòèïå äå-
òåêòîðà «Áîðåêñèíî» (Counting Test Facility, CTF), ðàñ-
ïîëîæåííîì â ëàáîðàòîðèè Ãðàí-Ñàññî (Èòàëèÿ), ïî-
çâîëèëè óñòàíîâèòü âåðõíèé ïðåäåë âåëè÷èíû ìàãíèò-

íîãî ìîìåíòà äëÿ pp- è 7Be-ñîëíå÷íûõ íåéòðèíî

µ µβ≤ ⋅ −5 5 10 10, [1]. Ýòî çíà÷åíèå òîëüêî â òðè ðàçà íèæå

îãðàíè÷åíèÿ, ïîëó÷åííîãî â ýêñïåðèìåíòàõ ñ ðåàê-

òîðíûìè è 8 B-ñîëíå÷íûìè íåéòðèíî. Óñòàíîâëåí

òàêæå íèæíèé ïðåäåë äëÿ âðåìåíè æèçíè íåéòðèíî
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Results of background measurements with the proto-
type of the Borexino detector (Counting Test Facility, CTF),
located in the Gran Sasso Laboratory (Italy), have been used
to obtain the upper bound on the magnetic moment of pp

and 7Be solar neutrino,µ µβv ≤ ⋅ −5 5 10 10. [1]. This value is

only three times lower than that obtained for reactor’s neu-
trino and 8 B solar neutrino. The new lower limit on the
mean lifetime of neutrino relative to its radiative decay is
obtained: τ ν ν γ νc.m.( ) / .H L m→ + ≥ ⋅1 5 10 3 s ⋅ −eV 1 [1]. It

is more than one order of magnitude bigger than that ob-
tained in previous direct laboratory experiments with reac-
tor’s neutrino. The CTF data have also been used to obtain a
bound on the electron stability relative to the decay
e e

− → +γ ν . The new lower limit on the mean lifetime

based on 32.1 days of data set is τ γ ν( ) .e e
− → + ≥ ⋅4 6 10 26

years [2] (90 % C.L.). The CTF data can be used in the

search of neutrino charge radius r 2 and

ν νH L e e→ + ++ − decay as well.

1. Back H. O. et al. JINR Preprint E1-2002-29. Dubna, 2002.

2. Back H. O. JINR Preprint E1-2002-30. Dubna, 2002.

Dzhelepov Laboratory of Nuclear Problems

The main goal of the time-of-flight detector at CDF is
the identification of kaons and pions for b-quark (B-meson)
flavor tagging. Construction of the detector as well as pro-
posals on the detector design changes to improve its time
resolution have been described. Monte-Carlo simulation of
the detector response to MIP was performed. The results of
the simulation showed that the proposed modifications (at
least with present materials) bring modest or no improve-
ment of the detector time resolution. An automated setup
was assembled to test and check out the changes in electron-
ic readout system of the detector. Sophisticated software has
been developed for this setup, to provide control of the sys-
tem, as well as processing and presentation of data from the
detector. This software can perform various tests using dif-
ferent implementations of the hardware setup.

Glagolev V. et al. Submitted to «Particles and Nuclei, Let-
ters».

Within the low-energy effective Minimal Supersym-
metric extension of the Standard Model (effMSSM) we cal-
culate the neutralino relic density, taking into account slep-

Ëàáîðàòîðèÿ ôèçèêè ÷àñòèö.
Ñòåíä äëÿ èñïûòàíèé ïðîïîðöèîíàëüíûõ
êàìåð òîðöåâîãî ñïåêòðîìåòðà óñòàíîâêè
CMS (ÖÅÐÍ)

Laboratory of Particle Physics.
A test site for proportional chambers for the
CMS end-cap spectrometer
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îòíîñèòåëüíî åãî ðàäèàöèîííîãî ðàñïàäà
τ ν ν γ νc.m( ) / ,H L m→ + ≥ ⋅15 10 3 ñ ýÂ 1⋅ − [1], ÷òî íà ïî-

ðÿäîê âûøå ïðåäåëà, ïîëó÷åííîãî â ïðÿìûõ ýêñïåðè-
ìåíòàõ ñ ðåàêòîðíûìè íåéòðèíî. Íà òîì æå ïðîòîòèïå
CTF óñòàíîâëåí íîâûé ïðåäåë ñòàáèëüíîñòè ýëåêòðîíà
îòíîñèòåëüíî ðàñïàäà e e

− → +γ ν . Íîâûé ïðåäåë

âðåìåíè æèçíè ýëåêòðîíà, îïðåäåëåííûé ïî äàííûì,
íàáðàííûì â òå÷åíèå 32,1 ñóòîê, ñîñòàâèë
τ γ ν( ) ,e e

− → + ≥ ⋅4 6 10 26 ëåò [2] (óðîâåíü íàäåæíîñòè

90 %). Äàííûå ñ ïðîòîòèïà CTF ìîãóò áûòü òàêæå èñ-
ïîëüçîâàíû äëÿ ïîèñêà ðàñïàäà ν νH L e e→ + ++ − è

îöåíêè çàðÿäîâîãî ðàäèóñà íåéòðèíî r 2 .

1. Back H. O. et al. JINR Preprint E1-2002-29. Dubna, 2002.
2. Back H. O. et al. JINR Preprint E1-2002-30. Dubna, 2002.

Ëàáîðàòîðèÿ ÿäåðíûõ ïðîáëåì
èì. Â. Ï. Äæåëåïîâà

Ñîçäàííûé â ëàáîðàòîðèè òðèããåð íà îñíîâå ñè-
ëèêîíîâîãî âåðøèííîãî äåòåêòîðà (SVT) áûë çàïóùåí è
óñïåøíî ðàáîòàë â òå÷åíèå íàáîðà äàííûõ íà óñòàíîâêå

CDF (òýâàòðîí, FNAL) â 2000 è 2001 ãã. Îñíîâíîé çàäà-
÷åé äåòåêòîðà ÿâëÿåòñÿ ðàçäåëåíèå êàîíîâ è ïèîíîâ äëÿ
îïðåäåëåíèÿ òèïà b-êâàðêîâ. Áûëî ïðîâåäåíî ìîí-
òå-êàðëîâñêîå ìîäåëèðîâàíèå îòêëèêà äåòåêòîðà íà ïðî-
õîæäåíèå ÌÈ×. Ðåçóëüòàòû ìîäåëèðîâàíèÿ ïîêàçàëè,
÷òî ïðåäëîæåííûå èçìåíåíèÿ (ñ èñïîëüçîâàíèåì äî-
ñòóïíûõ â íàñòîÿùåå âðåìÿ ìàòåðèàëîâ) íå ïðèâåäóò ê
óëó÷øåíèþ âðåìåííîãî ðàçðåøåíèÿ äåòåêòîðà. Äëÿ
ïðîâåðêè ïðåäëîæåííûõ èçìåíåíèé â ñèñòåìå ñ÷èòûâà-
íèÿ áûëà ñêîíñòðóèðîâàíà àâòîìàòèçèðîâàííàÿ óñòà-
íîâêà. Äëÿ óïðàâëåíèÿ óñòàíîâêîé, à òàêæå äëÿ îáðàáîò-
êè è ïðåäñòàâëåíèÿ äàííûõ áûëî ðàçðàáîòàíî êîì-
ïëåêñíîå ïðîãðàììíîå îáåñïå÷åíèå. Ýòîò ïàêåò
ïðîãðàìì ïîçâîëÿåò ïðîâîäèòü ðàçíîîáðàçíûå òåñòû
ïàðàìåòðîâ ñèñòåìû ñ ðàçëè÷íûìè êîíôèãóðàöèÿìè
îáîðóäîâàíèÿ.

Ãëàãîëåâ Â. è äð. Íàïðàâëåíî â æóðíàë «Ïèñüìà â
Ý×Àß».

Â ðàìêàõ íèçêîýíåðãåòè÷íîãî ìèíèìàëüíîãî ñóïåð-
ñèììåòðè÷íîãî ðàñøèðåíèÿ ñòàíäàðòíîé ìîäåëè
(MSSM) âû÷èñëåíà ðåëèêòîâàÿ ïëîòíîñòü íåéòðàëèíî.
Â ðàñ÷åò áûëè âêëþ÷åíû ñëåïòîí-íåéòðàëèíîâûé,
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ton-neutralino, squark-neutralino and neutralino/chargino-
neutralino coannihilation channels. By including squark
(stop and sbottom) coannihilation channels we extend our

comparative study to all allowed coannihilations and obtain
the general result that all of them give sizable contributions
to the reduction of the neutralino relic density. Due to these

Îïûòíîå ïðîèçâîäñòâî.
Ýëåêòðîôèçè÷åñêîå îáîðóäîâàíèå

èçãîòîâëåíî äëÿ Öèêëîòðîííîãî öåíòðà
â Áðàòèñëàâå (Ñëîâàêèÿ)

JINR Workshop.
Electrophysical equipment

produced for the Cyclotron Centre
in Bratislava (Slovakia)
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ñêâàðê-íåéòðàëèíîâûé è íåéòðàëèíî/÷àðäæèíî-íåé-
òðàëèíîâûé êîàííèãèëÿöèîííûå êàíàëû. Âêëþ÷åíèå
ñêâàðêîâûõ (stop-sbottom) êàíàëîâ êîàííèãèëÿöèè ïî-
çâîëÿåò ïðîâåñòè äàííûé àíàëèç ñ ó÷åòîì ïðàêòè÷åñêè
âñåõ ðàçðåøåííûõ êàíàëîâ êîàííèãèëÿöèè. Â ðåçóëüòà-
òå ïîêàçàíî, ÷òî âñå ðàññìîòðåííûå êàíàëû äàþò çàìåò-
íûé âêëàä è çíà÷èòåëüíûì îáðàçîì óìåíüøàþò ïëîò-
íîñòü ðåëèêòîâûõ íåéòðàëèíî. Áëàãîäàðÿ ýòèì êîàííè-
ãèëÿöèîííûì ïðîöåññàì, ÷àñòü ìîäåëåé MSSM (â
îñíîâíîì ñ áîëüøèìè ìàññàìè íåéòðàëèíî) ïîïàäàåò â
êîñìîëîãè÷åñêè ïðåäïî÷òèòåëüíóþ îáëàñòü çíà÷åíèé
ðåëèêòîâîé ïëîòíîñòè, îñòàëüíûå ìîäåëè îêàçûâàþòñÿ
âíå ýòîé îáëàñòè è äîëæíû áûòü îòáðîøåíû. Íåñìîòðÿ
íà ýòî, îêàçûâàåòñÿ, ÷òî êîàííèãèëÿöèîííûå êàíàëû â
öåëîì ñëàáî âëèÿþò íà ïåðñïåêòèâû ïðÿìîãî è íåïðÿ-
ìîãî äåòåêòèðîâàíèÿ ðåëèêòîâûõ íåéòðàëèíî â ðîëè ÷à-
ñòèö òåìíîé ìàòåðèè.

Áåäíÿêîâ Â. À. è äð. Áóäåò îïóáëèêîâàíî â «Phys. Rev. D».

Ïðîàíàëèçèðîâàíî 797 ñîáûòèé ðåàêöèè äâîéíîé
ïåðåçàðÿäêè π+ -ìåçîíîâ, çàðåãèñòðèðîâàííûõ â ôîòî-
ýìóëüñèîííûõ êàìåðàõ, îáëó÷åííûõ â ïó÷êàõ π+ -ìåçî-
íîâ ñèíõðîöèêëîòðîíà ËßÏ ÎÈßÈ ñ ýíåðãèÿìè 80 è
140 ÌýÂ. Äëÿ âûäåëåííûõ òðåõëó÷åâûõ ñîáûòèé â èí-
òåðâàëå ïåðâè÷íûõ ýíåðãèé π+ -ìåçîíà 72–140 ÌýÂ

îïðåäåëåíà ýôôåêòèâíàÿ ìàññà âòîðè÷íûõ π− -ìåçîíà è
äâóõ ïðîòîíîâ. Â ñïåêòðå ýòèõ ýôôåêòèâíûõ ìàññ îáíà-
ðóæåí ïèê â èíòåðâàëå 2060–2072 ÌýÂ, ñðåäíÿÿ âåëè÷è-
íà êîòîðîãî ðàâíà M ýôô = ±( , , )2065 5 3 6 ÌýÂ. Ïîëó÷åí-
íîå çíà÷åíèå Ì ýôô íàõîäèòñÿ â õîðîøåì ñîãëàñèè ñ
ìàññîé D'-ðåçîíàíñà, íàëè÷èå êîòîðîãî ïðåäïîëàãàëîñü
â ðàñ÷åòàõ ïî ÊÕÄ-ñòðóííûì ìîäåëÿì è áûëî ïîäòâåð-
æäåíî â ýêñïåðèìåíòàõ ïî ðàññåÿíèþ π+ -ìåçîíîâ íà
ÿäðàõ è â äðóãèõ ïðîöåññàõ.

Áàòóñîâ Þ. À. è äð. Íàïðàâëåíî â æóðíàë «ßäåðíàÿ ôè-
çèêà».

Â ÍÝÎÍÓ ËßÏ îáñóæäàåòñÿ ïðåäëîæåíèå ïî ñî-
çäàíèþ ñèëüíîòî÷íîãî öèêëîòðîííîãî êîìïëåêñà äëÿ
óïðàâëåíèÿ ýëåêòðîÿäåðíîé ñáîðêîé. Ðàññìîòðåíû íå-
êîòîðûå èçìåíåíèÿ â îñíîâíûõ ïðîåêòíûõ ïàðàìåòðàõ
óñêîðèòåëÿ ñ ó÷åòîì íîâûõ ðåçóëüòàòîâ, ïîëó÷åííûõ â
ðàáîòàõ ïîñëåäíèõ ëåò. Ñäåëàíû ïðåäëîæåíèÿ ïî ñîçäà-
íèþ ñèëüíîòî÷íûõ èçîõðîííûõ öèêëîòðîíîâ äëÿ óïðà-
âëåíèÿ ïîäêðèòè÷åñêèìè ñáîðêàìè. Äëÿ ýêñïåðèìåí-
òàëüíîé ÿäåðíîé ñáîðêè, óïðàâëÿåìîé óñêîðèòåëåì, ñ
òåïëîâîé ìîùíîñòüþ 10–200 ÌÂò, ïðåäëàãàåòñÿ ñî-
çäàòü öèêëîòðîííóþ óñòàíîâêó ñ ýíåðãèåé ïðîòîíîâ
E p ~ 600 ÌýÂ è òîêîì ïó÷êà äî 10 ìÀ.

Àëåíèöêèé Þ. Áóäåò îïóáëèêîâàíî â ìàòåðèàëàõ XVIII
êîíôåðåíöèè ïî óñêîðèòåëÿì çàðÿæåííûõ ÷àñòèö.
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coannihilation processes, some models (mostly with large
neutralino masses) enter into the cosmologically interesting
region for relic density, but other models leave this region.
Nevertheless, in general, the predictions for direct and indi-
rect dark matter detection rates are not strongly affected by
these coannihilation channels in the effMSSM.

Bednyakov V. et al. Submitted to «Phys. Rev. D».

797 events have been analyzed on DCX reactions of
π+ mesons registered in photoemulsion chambers exposed
to positive pion beams of the phasotron of JINR’s Dzhele-
pov Laboratory of Nuclear Problems at energies of 80 and
140 MeV. The effective mass of the secondary π− meson
and the two protons was determined for each three-prong
event identified within the energy range of the incident π+

meson between 72 and 140 MeV. The spectrum of effective
masses reveals a peak in the 2060–2072 MeV interval with a
mean value equal to Meff = ±( . . )2065 5 36 MeV. The ob-
tained value of Meff is in good agreement with the mass of
the D' resonance hypothesized in «QCD-string» model cal-

culations and confirmed by measurements of π+ -meson
scattering on nuclei and in other processes.

Batusov Yu. et al. Submitted to «Yad. Fiz.».

The proposal on creation of high-current cyclotron
complex for driving of electronuclear assembly, reported at
the XVII Meeting on Accelerators of Charged Particles, is
discussed. Some changes in the basic design parameters of
the accelerator are considered in view of new results ob-
tained in works of last years. The most real and cheap accel-
erator for production of proton beams with a power of up to
10 MW, that is, a cyclotron complex, now is shown. The of-
fers on the design of a high-current cyclotron complex for
electronuclear assembly driving are presented. For accelera-
tor-driven experimental nuclear assembly with a thermal
power of 10–200 MW, it is offered to create a cyclotron
complex with energy of protons E p ~ 600 MeV and a beam
current of up to 10 mA.

Alenitsky Yu. Submitted to the Proc. of RUPAC ’02.

Â ËÀÁÎÐÀÒÎÐÈßÕ ÈÍÑÒÈÒÓÒÀ
AT THE LABORATORIES OF JINR



Ëàáîðàòîðèÿ íåéòðîííîé ôèçèêè
èì. È. Ì. Ôðàíêà

Â ËÍÔ èì. È. Ì. Ôðàíêà ïðîäîëæàþòñÿ íåéòðîí-
íûå äèôðàêöèîííûå ýêñïåðèìåíòû ïî èçó÷åíèþ ìàã-
íèòíûõ è ñòðóêòóðíûõ ñâîéñòâ ìàãíèòíûõ îêñèäîâ ìàð-
ãàíöà (ìàíãàíèòîâ), ïîëó÷èâøèõ øèðîêóþ èçâåñòíîñòü
â ïîñëåäíèå íåñêîëüêî ëåò èç-çà íàéäåííîãî â íèõ ýô-
ôåêòà êîëîññàëüíîãî ìàãíåòîñîïðîòèâëåíèÿ (CMR-ýô-
ôåêòà). Ïðèðîäà CMR-ýôôåêòà è ôàêòîðû, îò êîòîðûõ
îí çàâèñèò, ÿâëÿþòñÿ ïðåäìåòîì àêòèâíîãî èçó÷åíèÿ,
ïðè÷åì ñ ïîìîùüþ äèôðàêöèè íåéòðîíîâ óäàåòñÿ ïîëó-
÷èòü óíèêàëüíóþ èíôîðìàöèþ îá àòîìíîé è ìàãíèòíîé
ñòðóêòóðàõ ýòèõ ñîåäèíåíèé.

Íà äèôðàêòîìåòðå ÄÍ-12 âïåðâûå ïðîâåäåíû èñ-
ñëåäîâàíèÿ âëèÿíèÿ âíåøíåãî âûñîêîãî äàâëåíèÿ
âïëîòü äî 5 ÃÏà íà êðèñòàëëè÷åñêóþ è ìàãíèòíóþ
ñòðóêòóðó ìàíãàíèòîâ La Ca MnO0,67 0,33 3,
Pr Na MnO0,8 0,2 3 è Pr Ca Mn Fe O0,7 0,3 1 3− y y ( ; , )y = 0 0 1 â
äèàïàçîíå òåìïåðàòóð îò 15 äî 300 Ê. Èññëåäîâàíèÿ
ïðîâîäèëèñü â ñîòðóäíè÷åñòâå ñ ÐÍÖ «Êóð÷àòîâñêèé
èíñòèòóò» (Ìîñêâà), Èíñòèòóòîì ôèçèêè ìåòàëëîâ ÓðÎ
ÐÀÍ (Åêàòåðèíáóðã), Èíñòèòóòîì ôèçèêè âûñîêèõ äà-
âëåíèé ÐÀÍ (Òðîèöê), Èíñòèòóòîì ôèçèêè (Ïðàãà). Âî
âñåõ èññëåäóåìûõ ñîåäèíåíèÿõ, ïðîÿâëÿþùèõ ïðè íîð-

ìàëüíîì äàâëåíèè ëèáî ôåððîìàãíèòíîå, ëèáî àíòè-
ôåððîìàãíèòíîå ñîñòîÿíèå ïñåâäî-ÑÅ-òèïà, â îáëàñòè
âûñîêèõ äàâëåíèé âïåðâûå îáíàðóæåí ôàçîâûé ïåðåõîä
â àíòèôåððîìàãíèòíîå ñîñòîÿíèå À-òèïà. Ïðè÷èíîé
ýòîãî èíäóöèðîâàííîãî äàâëåíèåì ìàãíèòíîãî ôàçîâî-
ãî ïåðåõîäà ìîæåò áûòü ÿðêî âûðàæåííàÿ àíèçîòðîïèÿ
ñæèìàåìîñòè, ÷òî ïðèâîäèò ê ñæàòèþ êèñëîðîäíûõ îê-
òàýäðîâ MnO6 â ñòðóêòóðå. Ðåçóëüòàòû ýêñïåðèìåíòîâ
äîëîæåíû íà êîíôåðåíöèÿõ è íàïðàâëåíû â ïå÷àòü (Ko-

zlenko D. P. et al. // JMMM. 2002; Kozlenko D. P. et al. //
High Pressure Research. 2002).

Äðóãîé òèï îêñèäîâ ìàðãàíöà, òàê íàçûâàåìûå ñëî-
èñòûå ìàíãàíèòû ñî ñòðóêòóðîé áðàóíìèëëåðèòà
Sr GaMnO2 5+x , èçó÷àëñÿ íà äèôðàêòîìåòðå ÔÄÂÐ. Ýòè
ìàíãàíèòû, íåäàâíî âïåðâûå ñèíòåçèðîâàííûå â ëàáî-
ðàòîðèè Å. Â. Àíòèïîâà íà õèìè÷åñêîì ôàêóëüòåòå
ÌÃÓ, èíòåðåñíû òåì, ÷òî â íèõ çàðÿäîâîå ñîñòîÿíèå
ìàðãàíöà ìîæíî èçìåíÿòü, âíåäðÿÿ â ñòðóêòóðó äîïîë-
íèòåëüíûé àòîì êèñëîðîäà. Îêàçàëîñü, ÷òî ïðè ïåðåõî-
äå îò âîññòàíîâëåííîãî ñîñòîÿíèÿ ( )x = 0 ê îêèñëåííî-
ìó ( , )x = 0 5 èçìåíÿåòñÿ êàê àòîìíàÿ, òàê è ìàãíèòíàÿ
ñòðóêòóðà ñîåäèíåíèÿ. Â ÷àñòíîñòè, àíòèôåððîìàãíèò-
íîå (ÀÔÌ) óïîðÿäî÷åíèå âäîëü äëèííîé îñè ýëåìåí-
òàðíîé ÿ÷åéêè ñìåíÿåòñÿ íà ôåððîìàãíèòíîå (ÔÌ). Òå-
îðåòè÷åñêèé àíàëèç ñèòóàöèè ïîçâîëèë îáúÿñíèòü ýòîò
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Frank Laboratory of Neutron Physics

Neutron diffraction studies of magnetic and structural
properties of manganese oxides (manganites) are continued
at the Frank Laboratory of Neutron Physics. These com-
pounds have become well-known for the last years due to
the discovered colossal magnetoresistance (CMR) effect.
The nature of the CMR effect and conditions responsible for
its existence are the subject of active scientific studies now,
and neutron diffraction studies allow one to obtain unique
information on crystal and magnetic structure of mangan-
ites.

For the first time, an effect of high external pressure of
up to 5 GPa on the crystal and magnetic structure of man-
ganites La Ca MnO0.67 0.33 3, Pr Na MnO0.8 0.2 3 and
Pr Ca Mn Fe O0.7 0.3 1 3− y y ( , . )y = 0 01 in the temperature
range 15–300 K has been studied at the DN-12 diffractome-
ter. The experiments have been performed in collaboration
with the RRC «Kurchatov Institute» (Moscow), Institute for
Metal Physics of Ural Branch of RAS (Yekaterinburg), High
Pressure Physics Institute (Troitsk), Institute of Physics
(Prague, Czech Republic). In all investigated compounds,
exhibiting either ferromagnetic or antiferromagnetic state of

pseudo-CE type at normal pressure, under high pressure a
phase transition to the antiferromagnetic state of A-type has
been observed. A possible reason for this pressure-induced
magnetic phase transition is the noticeable compression
anisotropy, which leads to the anisotropic compression of
MnO6 octahedra in the structure. The experimental results
have been presented at conferences and submitted to scien-
tific journals (Kozlenko D. P. et al. // JMMM. 2002; Ko-

zlenko D. P. et al. // High Pressure Research. 2002).
Another type of manganese oxides, so-called layered

manganites of brownmillerite structure with a chemical for-
mula Sr GaMnO2 5+x , has been studied at HRFD diffrac-
tometer. These manganites have recently been synthesized
for the first time at the Chemical Department of MSU
(E. V. Antipov’s laboratory). They have interesting proper-
ties since the charge state of manganese ions may be
changed by introducing an additional oxygen atom into the
structure. The experimental results show that the initial
( )x = 0 and oxidized ( . )x = 0 5 samples have different crystal
and magnetic structure. In particular, antiferromagnetic
(AFM) ordering along the long axis of the unit cell is
changed to the ferromagnetic (FM) one. In theoretical
analysis it was found that this phenomenon can be explained

Â ËÀÁÎÐÀÒÎÐÈßÕ ÈÍÑÒÈÒÓÒÀ
AT THE LABORATORIES OF JINR



ïåðåõîä âîçíèêíîâåíèåì ñèëüíîãî äèàãîíàëüíîãî
ÀÔÌ-âçàèìîäåéñòâèÿ àòîìîâ Mn ïðè âíåäðåíèè äîïîë-
íèòåëüíîãî êèñëîðîäà (Pomjakushin V. Yu. et al. // Phys.
Rev. B. 2002). Åùå îäíèì íåîáû÷íûì ýôôåêòîì, íàé-
äåííûì â ñëîèñòûõ ìàíãàíèòàõ, ÿâèëîñü ñóùåñòâîâà-
íèå â ñîñòàâàõ ñ ïðîìåæóòî÷íûì ñîäåðæàíèåì êèñëîðî-
äà ( , )x = 0 4 ðàññëîåíèÿ íà äâå ðàçëè÷íûå ìàãíèòíûå
ôàçû ïðè îòñóòñòâèè êàêèõ-ëèáî ðàçëè÷èé â àòîìíîé
ñòðóêòóðå ñîñóùåñòâóþùèõ ôàç. Äëÿ äàëüíåéøåãî
èçó÷åíèÿ ÿâëåíèÿ ôàçîâîãî ðàññëîåíèÿ ïëàíèðóþòñÿ
äîïîëíèòåëüíûå ýêñïåðèìåíòû, â òîì ÷èñëå ñ ïîìîùüþ
ìåòîäà âðàùåíèÿ ñïèíà ìþîíà.

Ëàáîðàòîðèÿ èíôîðìàöèîííûõ
òåõíîëîãèé

Â ðàìêàõ Ñîãëàøåíèÿ î ñîòðóäíè÷åñòâå ìåæäó
ÎÈßÈ è Êåéïòàóíñêèì óíèâåðñèòåòîì ïðîâåäåíî èñ-
ñëåäîâàíèå íåëèíåéíîãî óðàâíåíèÿ Øðåäèíãåðà ñ äå-
ôîêóñèðóþùåé íåëèíåéíîñòüþ, ëîêàëèçîâàííûìè ðå-
øåíèÿìè êîòîðîãî ÿâëÿþòñÿ «òåìíûå» ñîëèòîíû (äî-
ìåííûå ñòåíêè). Ïîêàçàíî, ÷òî â îòëè÷èå îò ñëó÷àÿ

«ñâåòëûõ» ñîëèòîíîâ ïàðàìåòðè÷åñêàÿ íàêà÷êà íå ïðè-
âîäèò ê íåóñòîé÷èâîñòè äîìåííûõ ñòåíîê íè ïðè êàêèõ
çíà÷åíèÿõ àìïëèòóäû íàêà÷êè è êîýôôèöèåíòà äèññè-
ïàöèè. Ïîêàçàíî òàêæå, ÷òî ïàðàìåòðè÷åñêè âîçáóæäàå-
ìûå äîìåííûå ñòåíêè ñïîñîáíû îáðàçîâûâàòü óñòîé÷è-
âûå ñâÿçàííûå ñîñòîÿíèÿ. Â îòñóòñòâèå äèññèïàöèè
óñòîé÷èâûå äîìåííûå ñòåíêè äâóõ òèïîâ è èõ óñòîé÷è-
âûå ñâÿçàííûå ñîñòîÿíèÿ ñïîñîáíû äâèãàòüñÿ ñ íåíóëå-
âîé ñêîðîñòüþ.

Barashenkov I. V., Woodford S. R., Zemlyanaya E. V. JINR
Preprint E17-2002-158. Dubna, 2002; submitted to «Physical Re-
view Letters».

Íà îñíîâå ìîäåëè ðàçäåëåííûõ ôîðìôàêòîðîâ â ñî-
òðóäíè÷åñòâå ñ ËÍÔ ðàçðàáîòàíà ïðîãðàììà ôèòèðîâà-
íèÿ ñïåêòðîâ ìàëîóãëîâîãî ðàññåÿíèÿ íåéòðîíîâ îò ïî-
ëèäèñïåðñíîé ïîïóëÿöèè âåçèêóë ñ ó÷åòîì ôóíêöèè
ðàçðåøåíèÿ ñïåêòðîìåòðà ÞÌÎ. Â ðàáîòå àíàëèçèðó-
þòñÿ ïàðàìåòðû âåçèêóë è ìåìáðàííîãî áèñëîÿ äëÿ ðàç-
ëè÷íûõ èåðàðõè÷åñêèõ ìîäåëåé ïëîòíîñòè äëèíû ðàñ-
ñåÿíèÿ íåéòðîíà ïîïåðåê ìåìáðàíû. Ïîêàçàíî, ÷òî ðàñ-
ïðåäåëåíèå âîäû â ãèäðîôèëüíîé îáëàñòè ìåìáðàíû
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by the appearance of the strong diagonal AFM interaction of
Mn atoms due to the introduction of the additional oxygen
atom to the structure (Pomjakushin V. Yu. et al. // Phys. Rev.
B. 2002). Another unusual phenomenon found in layered
manganites is the phase separation for the samples with the
intermediate oxygen content ( . )x = 0 4 . In this case, two dis-
tinct magnetic phases with the same crystal structure were
found to coexist. For further studies of the phase separation
in layered manganites, additional neutron diffraction and
muon spin rotation experiments are planned.

Laboratory of Information Technologies

Research on «dark» solitons (kinks) — the localized so-
lutions of nonlinear Schrödinger equation with the defocus-
ing nonlinearity — has been performed in the framework of
the Cooperation Agreement between JINR and the Univer-
sity of Cape Town. It has been shown that, unlike the
«bright» solitons, the parametrically driven kinks are im-
mune from instabilities for all dampings and forcing ampli-
tudes; they can also form stable bound states. In the un-
damped case, the two types of stable kinks and their com-
plexes can travel with nonzero velocities.

Barashenkov I. V., Woodford S. R., Zemlyanaya E. V. JINR
Preprint E17-2002-158. Dubna, 2002; submitted to «Physical Re-
view Letters».

On the basis of the model of separated form factors, a
code for fitting of small-angle neutron scattering spectra of
the polydispersed vesicle population taking into account the
resolution function of YuMO spectrometer has been devel-
oped in cooperation with FLNP. Vesicle and membrane bi-
layer parameters have been analyzed for various hierarchi-
cal models of the neutron scattering length density across
the membrane. It has been shown that hydration of vesicle
can be described by the linear distribution function of water
molecules. For the first time from the small-angle experi-
ment, without additional methods, the average radius and
polydispersity of the vesicle population, thickness of the
membrane bilayer, thickness of hydrophobic and hy-
drophilic parts of bilayer, water distribution function and
number of water molecules in the hydrophilic part have
been calculated.

Zemlyanaya E. V., Kiselev M. A. JINR Preprint P3-2002-163.
Dubna, 2002; submitted to the XVII Workshop on using neutron
scattering in research on condensed state (NSRCS-2002) (Gatchi-
na, October 2002).
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Äóáíà, 30 ñåíòÿáðÿ.
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ìîæåò áûòü îïèñàíî ëèíåéíîé ôóíêöèåé.
Âïåðâûå èç ýêñïåðèìåíòà ïî ìàëîóãëîâîìó
ðàññåÿíèþ áåç ïðèìåíåíèÿ äîïîëíèòåëüíûõ
ìåòîäîâ ðàññ÷èòàíû: ñðåäíèé ðàçìåð è ïîëè-
äèñïåðñíîñòü ïîïóëÿöèè âåçèêóë, òîëùèíà
ìåìáðàííîãî áèñëîÿ, òîëùèíà ãèäðîôîáíîé
è ãèäðîôèëüíîé ÷àñòåé áèñëîÿ, ôóíêöèÿ ðàñ-
ïðåäåëåíèÿ è êîëè÷åñòâî âîäû â ãèäðîôèëü-
íîé ÷àñòè ìåìáðàíû.

Çåìëÿíàÿ Å. Â., Êèñåëåâ Ì. À. Ïðåïðèíò
ÎÈßÈ Ð3-2002-163. Äóáíà, 2002; íàïðàâëåíî íà
XVII Ñîâåùàíèå ïî èñïîëüçîâàíèþ ðàññåÿíèÿ
íåéòðîíîâ â èññëåäîâàíèÿõ êîíäåíñèðîâàííîãî
ñîñòîÿíèÿ «ÐÍÈÊÑ-2002» (îêòÿáðü 2002 ã., Ãàò-
÷èíà).

Ñîòðóäíèêàìè ËÈÒ ïðîâåäåíî ÷èñëåí-
íîå èññëåäîâàíèå âëèÿíèÿ ôîðìû èñòî÷íèêà
â ìîäåëè ôàçîâûõ ïåðåõîäîâ â ìåòàëëàõ, îá-
ëó÷àåìûõ èìïóëüñíûìè ïó÷êàìè èîíîâ. Ïî-
êàçàíî âëèÿíèå õàðàêòåðèñòèê èñòî÷íèêà
(èíòåíñèâíîñòü, ïðîäîëæèòåëüíîñòü, êðàò-
íîñòü äåéñòâèÿ è ò. ä.) íà ôîðìó ìåæôàçîâîé
ãðàíèöû ξ( )t , ðàçäåëÿþùåé ðàñïëàâëåííóþ
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A numerical analysis has been performed at LIT on the
influence of the source’s characteristics (intensity, duration,
multiplicity of action, etc.) on the form of the interphase
ξ ( )t that separates the melted and firm parts in a sample ir-
radiated with high-current pulsed ion beams. An algorithm
of a numerical solving of the corresponding Stefan problem
of the first kind is described. An analysis of the accuracy of
the computational scheme has been done, and the obtained
numerical results describing some characteristics of the in-
terphase ξ ( )t (melting depth, melting rate, beginning of
hardening, etc.) are presented. It has been found that at the
interphase ξ ( )t the temperature derivative with respect to
time has a gap.

Amirkhanov I. V. et al. JINR Communication P11-2002-78.
Dubna, 2002.

A class of models of the static spherically symmetric
boson-fermion stars in the scalar-tensor theory of gravity
with massive dilaton field has been numerically investigat-
ed. The proper mathematical model of such stars is inter-
preted as a nonlinear two-parametric eigenvalue problem.
The first of the parameters is the unknown internal boundary
(the radius of the fermionic part of the star) Rs and the sec-

ond one represents the frequency Ω of the time oscillations
of the bosonic field.

To solve this problem, the whole space ( , )0 ∞ is splitted
in two domains: internal [ , ]0 Rs and outside the star [ , ]Rs ∞ .
In each domain the physical model leads to two nonlinear
boundary value problems in respect of metric functions, the
functions describing the fermionic and bosonic matter, and
the dilaton field. These boundary value problems have dif-
ferent dimensions inside and outside the star, respectively.
The solutions in these regions are obtained separately and
matched using the necessary algebraic continuity conditions
including Rs and Ω. The continuous analogue of Newton
method for solving both the nonlinear differential and alge-
braic problems is used.

In this way, the behavior of the basic geometric quanti-
ties and functions describing a dilaton field and matter
fields, which build the star, has been obtained.

Boyadjiev T. L. et al. JINR Preprint E11-2002-106. Dubna,
2002; submitted to «J. Comput. Appl. Math.».

A spline-collocation scheme of higher order of accura-
cy for solving boundary value problems for ordinary differ-

Ëàáîðàòîðèÿ èíôîðìàöèîííûõ òåõíîëîãèé.
Öåíòðàëüíûé óçåë êîìïüþòåðíîé ñâÿçè ÎÈßÈ

Laboratory of Information Technologies.The centre of JINR computer net
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è òâåðäóþ ÷àñòè â îáðàçöå, íàõîäÿùåìñÿ ïîä âîçäåé-
ñòâèåì ñèëüíîòî÷íîãî èìïóëüñíîãî ïó÷êà èîíîâ. Äàíî
îïèñàíèå àëãîðèòìà ÷èñëåííîãî ðåøåíèÿ ñîîòâåòñòâó-
þùåé çàäà÷è Ñòåôàíà ïåðâîãî ðîäà. Ïðîâåäåí àíàëèç
òî÷íîñòè âû÷èñëèòåëüíûõ ñõåì è ïðåäñòàâëåíû ïîëó-
÷åííûå ÷èñëåííûå ðåçóëüòàòû, îïèñûâàþùèå íåêîòî-
ðûå õàðàêòåðèñòèêè ìåæôàçîâîé ãðàíèöû ξ( )t (ãëóáèíà
è ñêîðîñòü ïðîïëàâà, íà÷àëî çàòâåðäåâàíèÿ è ò. ä.). Óñòà-
íîâëåíî, ÷òî íà ìåæôàçîâîé ãðàíèöå ξ( )t ïðîèçâîäíàÿ
îò òåìïåðàòóðû ïî âðåìåíè òåðïèò ðàçðûâ.

Àìèðõàíîâ È. Â. è äð. Ñîîáùåíèå ÎÈßÈ Ð11-2002-78.
Äóáíà, 2002.

Èçó÷àåòñÿ êëàññ ìîäåëåé ñôåðè÷åñêè-ñèììåòðè÷-
íûõ áîçîí-ôåðìèîííûõ çâåçä â ðàìêàõ ñêàëÿðíî-òåí-
çîðíûõ òåîðèé ãðàâèòàöèè ñ ìàññèâíûì äèëàòîíîì. Ìà-
òåìàòè÷åñêàÿ ìîäåëü òàêèõ çâåçä ïðåäñòàâëÿåò ñîáîé
äâóõïàðàìåòðè÷åñêóþ íåëèíåéíóþ çàäà÷ó, çàâèñÿùóþ
îò ðàäèóñà Rs ôåðìèîííîé ÷àñòè çâåçäû è îò ÷àñòîòû Ω
îñöèëëÿöèé áîçîííîãî ïîëÿ.

Äëÿ ðåøåíèÿ çàäà÷è ïîëóïðÿìàÿ ( , )0 ∞ ðàñùåïëÿåò-
ñÿ íà âíóòðåííîñòü çâåçäû [ , ]0 Rs è îáëàñòü âíå çâåçäû
[ , )Rs ∞ . Â êàæäîé ïîäîáëàñòè ôèçè÷åñêàÿ ìîäåëü ïðèâî-

äèò ê íåëèíåéíîé êðàåâîé çàäà÷å äëÿ ìåòðè÷åñêèõ
ôóíêöèé, à òàêæå äëÿ ôóíêöèé ôåðìèîííîé è áîçîííîé
ìàòåðèè è äèëàòîííîãî ïîëÿ. Ýòè êðàåâûå çàäà÷è èìåþò
ðàçëè÷íóþ ðàçìåðíîñòü âíóòðè è âíå çâåçäû. Ðåøåíèÿ
êðàåâûõ çàäà÷ â êàæäîé ïîäîáëàñòè íàõîäÿòñÿ íåçàâè-
ñèìî äðóã îò äðóãà è ñøèâàþòñÿ íà íåèçâåñòíîé ãðàíèöå
Rs . Äëÿ ðåøåíèÿ âîçíèêàþùèõ äèôôåðåíöèàëüíûõ è
àëãåáðàè÷åñêèõ çàäà÷ ïðèìåíÿåòñÿ íåïðåðûâíûé àíà-
ëîã ìåòîäà Íüþòîíà.

×èñëåííûì ìåòîäîì èçó÷àåòñÿ ïîâåäåíèå îñíîâ-
íûõ ãåîìåòðè÷åñêèõ âåëè÷èí è ôóíêöèé, îïèñûâàþùèõ
äèëàòîííîå ïîëå è ïîëÿ ìàòåðèé, èç êîòîðûõ ñòðîÿòñÿ
áîçîí-ôåðìèîííûå çâåçäû.

Boyadjiev T. L. et al. JINR Preprint E11-2002-106. Dubna,
2002; submitted to «J. Comput. Appl. Math.».

Ïðåäëîæåíà ñïëàéí-êîëëîêàöèîííàÿ ñõåìà äëÿ ðå-
øåíèÿ êðàåâûõ çàäà÷ äëÿ îáûêíîâåííûõ äèôôåðåíöè-
àëüíûõ óðàâíåíèé. Äëÿ äîñòàòî÷íî ãëàäêèõ ðåøåíèé
òî÷íîñòü ñõåìû O h( )4 íà ðàâíîìåðíîé ñåòêå ñ øàãîì h.

Ðåàëèçàöèÿ ñõåìû ñâîäèòñÿ ê ñèñòåìå àëãåáðàè÷åñêèõ
óðàâíåíèé ñ áëî÷íî-äèàãîíàëüíîé ìàòðèöåé, äëÿ ðåøå-
íèÿ êîòîðîé ïðèìåíÿåòñÿ ìåòîä, îáîáùàþùèé êëàññè-
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Laboratory of Information Technologies.
A complex of PC clusters, consisting of an interactive cluster and computer farm of general purpose,

a computer farm for the LHC (CMS, ATLAS, ALICE) experiments and a cluster
for parallel counting on the basis of MYRINET technique

Ëàáîðàòîðèÿ èíôîðìàöèîííûõ òåõíîëîãèé.
Êîìïëåêñ ÐÑ-êëàñòåðîâ, ñîñòîÿùèé èç èíòåðàêòèâíîãî êëàñòåðà è âû÷èñëèòåëüíîé ôåðìû îáùåãî íàçíà÷åíèÿ,

âû÷èñëèòåëüíîé ôåðìû äëÿ ýêñïåðèìåíòîâ íà LHC (CMS, ATLAS, ALICE) è êëàñòåðà
äëÿ ïàðàëëåëüíûõ âû÷èñëåíèé íà áàçå òåõíîëîãèè MYRINET

Â ËÀÁÎÐÀÒÎÐÈßÕ ÈÍÑÒÈÒÓÒÀ
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÷åñêèé ìåòîä ïðîãîíêè. Ñõåìà îòëè÷àåòñÿ ïðîñòîòîé
ðåàëèçàöèè íà ðàâíîìåðíûõ è íåðàâíîìåðíûõ ñåòêàõ è
ëåãêî îáîáùàåòñÿ íà çàäà÷è ñ ðàçðûâíûìè êîýôôèöèåí-
òàìè áåç íàðóøåíèÿ ñòðóêòóðû àëãåáðàè÷åñêîé ñèñòå-
ìû. Ñõåìà ìîæåò áûòü èñïîëüçîâàíà ïðè ðåøåíèè øè-
ðîêîãî êëàññà çàäà÷ â ðàçíûõ îáëàñòÿõ ôèçèêè.

Áîÿäæèåâ Ò. Ë. Ñîîáùåíèå ÎÈßÈ Ð11-2002-101. Äóáíà,
2002.

Ó÷åáíî-íàó÷íûé öåíòð

Â ðàìêàõ îáðàçîâàòåëüíîé ïðîãðàììû ñ 24 àâãóñòà
ïî 19 ñåíòÿáðÿ ãðóïïà ðóìûíñêèõ ñòóäåíòîâ èç óíèâåð-
ñèòåòîâ Áóõàðåñòà, ßññ, Êðàéîâû, Êëóæ-Íàïîêà, Òèìè-
øîàðà ïðîõîäèëà ïðàêòèêó â ÎÈßÈ. Ðåáÿòà ïîáûâàëè ñ
îáçîðíûìè ýêñêóðñèÿìè â ëàáîðàòîðèÿõ Èíñòèòóòà, ïî-

çíàêîìèëèñü ñ áàçîâûìè óñòàíîâêàìè ÎÈßÈ. Ó÷àñòèå â
ïðàêòè÷åñêèõ èññëåäîâàíèÿõ â ðàìêàõ ýêñïåðèìåíòîâ
ïîä ðóêîâîäñòâîì è â òåñíîì ñîòðóäíè÷åñòâå ñ ó÷åíûìè
Èíñòèòóòà óñèëèëî, ïî îòçûâàì ñòóäåíòîâ, óáåæäåí-
íîñòü â ïðàâèëüíîñòè âûáîðà áóäóùèõ ïðîôåññèé.
Ìíîãèå èç íèõ ñâîè äèïëîìíûå ðàáîòû õîòåëè áû âû-
ïîëíèòü â ëàáîðàòîðèÿõ ÎÈßÈ.

Ê âñòóïèòåëüíûì ýêçàìåíàì â î÷íóþ àñïèðàíòóðó
ÎÈßÈ (îñåíü 2002 ã.) äîïóùåíî äåâÿòü âûïóñêíèêîâ-
ôèçèêîâ. Íàó÷íûìè ðóêîâîäèòåëÿìè àáèòóðèåíòîâ
ÿâëÿþòñÿ âåäóùèå ñïåöèàëèñòû ëàáîðàòîðèé Èíñòèòó-
òà: ËÒÔ, ËÂÝ, ËÍÔ, ËÔ×, ËÈÒ. Ïî òðàäèöèè àñïèðàí-
òû áóäóò ðàáîòàòü â ëàáîðàòîðèÿõ è ïîäðàçäåëåíèÿõ Èí-
ñòèòóòà, ó÷àñòâóÿ â èññëåäîâàíèÿõ ïî òåìàòèêå ÎÈßÈ, à
òàêæå çàíèìàòüñÿ â Ó÷åáíî-íàó÷íîì öåíòðå.
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ential equations is proposed. For smooth enough solutions,
precision of the scheme is O h( )4 on the uniform grid. The

implementation of the scheme leads to a block-diagonal al-
gebraic system, solved by means of the appropriate sweep
method. The scheme can be easily generalized on discontin-
uous problems without violation of the structure of the alge-
braic systems. The scheme can be used for solving various
physical problems.

Boyadjiev T. L. JINR Communication P11-2002-101. Dubna,
2002.

JINR University Centre

Within the JINR Educational Programme, on 24 Au-
gust – 19 September 2002, a group of Romanian students
from the universities of Bucharest, Cluj-Napoca, Craiova,
Iasi, and Timisoara had practice at the Institute. They had

excursions to the Institute’s Laboratories and were acquaint-
ed with JINR’s basic research facilities. The students said
that their participation in actual research under the supervi-
sion of, and in close communication with, the Institute’s sci-
entists had yet strengthened their confidence in the correct-
ness of their future profession choice. Many of them would
like now to prepare their diploma theses at JINR.

In the autumn of 2002, nine physics graduates were ad-
mitted to the entrance examinations to the JINR full-time
postgraduate studies. The applicants’ scientific supervisors
are leading scientists of the Laboratories of Theoretical
Physics, High Energies, Neutron Physics, Particle Physics,
and Information Technologies. According to the established
order, the postgraduates will work at the Institute’s Labora-
tories and subdivisions, where they will participate in
JINR’s specific research programmes, and attend courses at
the University Centre.

Ó÷åáíî-íàó÷íûé öåíòð.
Ðóìûíñêèå ñòóäåíòû-ïðàêòèêàíòû
ó äèðåêòîðà ÓÍÖ Ñ. Ï. Èâàíîâîé
(ñïðàâà)

JINR University Centre.
Romanian students visit
UC Director S. Ivanova (right)
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Î. È. Êî÷åòîâ, À. À. Ñìîëüíèêîâ, Þ. À. Øèòîâ

Èññëåäîâàíèå äâîéíîãî áåòà-ðàñïàäà
â ýêñïåðèìåíòå NEMO-3

Èññëåäîâàíèå äâîéíîãî áåòà-ðàñïàäà èìååò äîëãóþ
è äîâîëüíî èíòåðåñíóþ èñòîðèþ. Åùå â 1935 ã. Ì. Ãåï-
ïåðò-Ìàéåð âïåðâûå ðàññìîòðåëà âîçìîæíîñòü ðàñïàäà
ÿäðà ñ îäíîâðåìåííûì âûëåòîì äâóõ ýëåêòðîíîâ è äâóõ
(àíòè)íåéòðèíî:

N A Z N A Z e v( , ) ( , ) ~.→ + + +−2 2 2

Ïåðâûå òåîðåòè÷åñêèå îöåíêè ïåðèîäà ïîëóðàñïà-
äà òàêîãî ïðîöåññà, íàçûâàåìîãî äâóõíåéòðèííûì
äâîéíûì áåòà-ðàñïàäîì ( )2vββ , äàëè çíà÷åíèÿ ïîðÿäêà
10 20ëåò, ÷òî çíà÷èòåëüíî ïðåâûøàåò âðåìÿ æèçíè ÿäåð
îòíîñèòåëüíî îáû÷íîãî áåòà-ðàñïàäà. Ýòè îöåíêè ñðàçó
óêàçàëè íà íåòðèâèàëüíîñòü ýêñïåðèìåíòàëüíîãî ïîèñ-
êà òàêîãî ñâåðõðåäêîãî ïðîöåññà. Òîëüêî â 1968 ã. Òèëó
Êèðñòåíó è åãî ãðóïïå óäàëîñü âïåðâûå â ãåîõèìè÷å-
ñêîì ýêñïåðèìåíòå îáíàðóæèòü èçáûòî÷íîå ñîäåðæàíèå

130Xe — äî÷åðíèõ ÿäåð äâîéíîãî áåòà-ðàñïàäà 130 Te â

ìèíåðàëå ñ èçâåñòíûì ãåîëîãè÷åñêèì âîçðàñòîì, ñîäåð-
æàùåì Te. Ýòî áûëî ïåðâîå ýêñïåðèìåíòàëüíîå óêàçà-
íèå íà ñóùåñòâîâàíèå äâîéíîãî áåòà-ðàñïàäà, îäíàêî â
ãåîõèìè÷åñêîì ýêñïåðèìåíòå ïðîâîäèòñÿ ïîèñê òîëüêî
äî÷åðíèõ ÿäåð ðàñïàäà, ïîýòîìó â íåì íåëüçÿ îïðåäå-
ëèòü, ïî êàêîìó êîíêðåòíîìó êàíàëó îñóùåñòâëÿåòñÿ
ñàì ïðîöåññ. È ëèøü íà÷èíàÿ ñ 1985 ã. â ïðÿìûõ ýêñïå-
ðèìåíòàõ ñòàëè ïîëó÷àòü ïîëîæèòåëüíûå ðåçóëüòàòû ïî
èçìåðåíèþ ñïåêòðîâ äâóõ ó÷àñòâóþùèõ â 2vββ-ðàñïàäå
ýëåêòðîíîâ. Íà ñåãîäíÿøíèé äåíü äâóõíåéòðèííûé
äâîéíîé áåòà-ðàñïàä ñ ïåðèîäîì ïîëóðàñïàäà îò1019 äî
10 21 ëåò îáíàðóæåí â ïðÿìûõ ýêñïåðèìåíòàõ óæå äëÿ
âîñüìè èçîòîïîâ — ïîòåíöèàëüíûõ ββ-ðàñïàä÷èêîâ
( 48Ca, 76Ge, 82Se, 96 Zr, 100 Mo, 116Cd, 130 Te, 150Nd),
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O. Kochetov, A. Smolnikov, Yu. Shitov

Double Beta Decay Investigation with NEMO-3

The double beta decay investigation has a long and in-
teresting history. As far back as 1935 M. Goeppert-Mayer
first considered a possibility of a nuclear decay with simul-
taneous emission of two electrons and two (anti)neutrinos:

N A Z N A Z e v( , ) ( , ) ~.→ + + +−2 2 2

The first theoretical evaluations of the half-life of this
process, called a two-neutrino double beta decay ( )2vββ ,
yielded values of the order of 10 20 years, which was much
larger than the ordinary beta decay life of nuclei. These eval-
uations indicated at once that experimental search for this
super-rare process would be a nontrivial problem. It was not
until 1968 that Till Kirsten and his group were able, while
carrying out a geochemical experiment, to observe for the
first time an excess concentration of 130Xe, daughter nuclei

of 130 Te arising from its double beta decay, in a Te-contain-

ing mineral of the known geological age. It was the first ex-
perimental evidence of occurrence of a double beta decay.
However, the geochemical experiment is aimed at searching
for only daughter nuclei from the decay, and thus it does not
allow the particular channel of the process to be found. Only
starting in 1985, positive results became available from di-
rect experiments on measuring spectra of two electrons par-
ticipating in the 2vββ decay. By now the two-neutrino dou-

ble beta decay with a half-life from 1019 to 10 21 years has
been observed in direct experiments for eight potentially

ββ-decaying isotopes ( 48Ca, 76Ge, 82Se, 96 Zr, 100 Mo,
116Cd, 130 Te, 150Nd), but the uncertainties in the calcula-

tion of nuclear matrix elements for the 2vββdecay and quite
large statistical and systematic errors in the experimental re-
sults still make it impossible to elaborate an adequate model
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îäíàêî ñóùåñòâóþùèå íåîïðåäåëåííîñòè â ðàñ÷åòå
ÿäåðíûõ ìàòðè÷íûõ ýëåìåíòîâ 2vββ-ðàñïàäà è åùå äî-
ñòàòî÷íî áîëüøèå ñòàòèñòè÷åñêèå è ñèñòåìàòè÷åñêèå
ïîãðåøíîñòè ýêñïåðèìåíòàëüíûõ ðåçóëüòàòîâ äî ñèõ
ïîð íå ïîçâîëÿþò ñîñòàâèòü àäåêâàòíóþ ìîäåëü äëÿ
îïèñàíèÿ ñòðóêòóðû ÿäåð, ó÷àñòâóþùèõ â äàííîì ïðî-
öåññå.

Â 1937 ã. Ýòòîðå Ìàéîðàíà ñäåëàë ïðåäïîëîæåíèå î
âîçìîæíîñòè ñóùåñòâîâàíèÿ ÷àñòèöû, òîæäåñòâåííîé
ñâîåé àíòè÷àñòèöå («ìàéîðàíîâñêèé» òèï ÷àñòèöû), è â
òîì æå 1937 ã. Äæ. Ðàêà ðàññìîòðåë âîçìîæíîñòü áåç-
íåéòðèííîãî äâîéíîãî áåòà-ðàñïàäà, ýêñïåðèìåíòàëü-
íûé ïîèñê êîòîðîãî ìîæåò ïðèâåñòè ê îáíàðóæåíèþ
ìàéîðàíîâñêîãî íåéòðèíî. Áåçíåéòðèííûé äâîéíîé áå-
òà-ðàñïàä (0vββ-ðàñïàä) â ñòàíäàðòíîé ìîäåëè ýëåêòðî-
ñëàáûõ âçàèìîäåéñòâèé (ÑÌ) çàïðåùåí èç-çà íàðóøå-
íèÿ ëåïòîííîãî ÷èñëà íà äâå åäèíèöû:

N A Z N A Z e( , ) ( , ) .→ + + −2 2

Ïîýòîìó 0vββ-ðàñïàä ÿâëÿåòñÿ ïðîöåññîì, ýêñïåðè-
ìåíòàëüíîå îòêðûòèå êîòîðîãî áóäåò îäíèì èç ïðîÿâëå-
íèé íîâîé ôèçèêè çà ïðåäåëàìè ÑÌ. Ñàì ôàêò ñóùå-
ñòâîâàíèÿ 0vββ-ðàñïàäà ñâÿçàí ñî ñëåäóþùèìè ôóíäà-
ìåíòàëüíûìè àñïåêòàìè ôèçèêè ýëåìåíòàðíûõ ÷àñòèö:

íåñîõðàíåíèåì ëåïòîííîãî ÷èñëà, íàëè÷èåì ó íåéòðèíî
ìàññû ïîêîÿ, ïðèìåñüþ ïðàâûõ òîêîâ â ýëåêòðîñëàáîì
âçàèìîäåéñòâèè, ñóùåñòâîâàíèåì áåçìàññîâîãî ãîëä-
ñòîóíîâñêîãî áîçîíà — ìàéîðîíà.

Îñíîâíîé èíòåðåñ ê ýòîìó ïðîöåññó â ïåðâóþ î÷å-
ðåäü ñâÿçàí ñ ïðîáëåìîé ìàññû íåéòðèíî: åñëè
0vββ-ðàñïàä áóäåò îáíàðóæåí, òî ýòî äîëæíî îçíà÷àòü,
÷òî ýëåêòðîííîå íåéòðèíî åñòü ÷àñòèöà ìàéîðàíîâñêîãî
òèïà ñ íåíóëåâîé ìàññîé ïîêîÿ.

Ïîëó÷åííûå íåäàâíî ðåçóëüòàòû ïî ðåãèñòðàöèè
ñîëíå÷íûõ íåéòðèíî íà óñòàíîâêàõ SNO (Sudbury Neu-
trino Observatory, Êàíàäà) è «Superkamiokande» (ßïî-
íèÿ) ÿâíî óêàçûâàþò íà òî, ÷òî íåéòðèíî ðàçëè÷íûõ
àðîìàòîâ (ýëåêòðîííûå, ìþîííûå è òàóîííûå) èìåþò
íåíóëåâûå ìàññû ïîêîÿ è îáëàäàþò ñâîéñòâîì ñìåøè-
âàíèÿ àðîìàòîâ, ÷òî ïðîÿâëÿåòñÿ â âèäå íåéòðèííûõ îñ-
öèëëÿöèé — ïåðåõîäîâ îäíèõ òèïîâ íåéòðèíî â äðóãèå.
Îäíàêî, íåñìîòðÿ íà òàêèå âûäàþùèåñÿ óñïåõè ñîâðå-
ìåííûõ ýêñïåðèìåíòîâ ïî ðåãèñòðàöèè ñîëíå÷íûõ íåé-
òðèíî, âîïðîñ îá àáñîëþòíûõ âåëè÷èíàõ ñîáñòâåííûõ
íåéòðèííûõ ìàññîâûõ ñîñòîÿíèé äî ñèõ ïîð îñòàåòñÿ
îòêðûòûì.

Òîëüêî ñîâìåñòíûé àíàëèç íîâûõ ýêñïåðèìåíòîâ ïî
áåçíåéòðèííîìó äâîéíîìó áåòà-ðàñïàäó è ïî èçìåðå-
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for describing the structure of the nuclei participating in this
process.

In 1937 Ettore Majorana came up with an idea that
there might be a particle identical to its antiparticle (Majo-
rana-type particle). In the same year G. Racah examined a
possibility of a neutrinoless double beta decay, the experi-
mental search for which might result in discovering a Majo-
rana neutrino. In the standard model of electroweak interac-
tions (SM) the neutrinoless double beta decay (0vββdecay)
is forbidden because of lepton number violation by two uni-
ties:

N A Z N A Z e( , ) ( , ) .→ + + −2 2

Therefore, the 0vββdecay is a process which, when ex-
perimentally observed, will be a manifestation of new
physics beyond the SM. The very existence of the 0vββde-
cay is related to the following fundamental aspects of ele-
mentary particle physics: nonconservation of the lepton
number, existence of neutrino rest mass, right-handed cur-
rent admixture in electroweak interaction, existence of
massless Goldstone boson — majoron.

Particular interest in this process arises first of all from
neutrino mass problem: if the 0vββ decay is found, it will

mean that the electron neutrino is a Majorana particle with
nonzero rest mass.

The recent results on solar neutrino flux measurements
at SNO (Sudbury Neutrino Observatory, Canada) and Su-
perkamiokande (Japan) clearly indicate that neutrinos of
various flavours (electron, muon, and tau) have nonzero rest
masses and a flavour mixing property, which manifests it-
self in neutrino oscillation, i. e., transition of one neutrino
type into another. However, despite this remarkable
progress in experimental detection of solar neutrinos, the
question of absolute values of neutrino mass eigenstates is
still an open question.

Only simultaneous analysis of new experiments on the
neutrinoless double beta decay and on measurement of the
beta spectrum of low-energy beta transitions may lead to ex-
perimental determination of these values and give an answer
to the question whether neutrinos are Majorana or Dirac par-
ticles.

Up to now, the most sensitive experiments on the search
for the 0vββ decay have been «calorimetric» experiments
with highly pure germanium detectors of enriched 76Ge
(Heidelberg–Moscow, Gran Sasso, Italy; IGEX, Canfranc,
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íèþ áåòà-ñïåêòðà íèçêîýíåðãè÷íûõ áåòà-ïåðåõîäîâ ìî-
æåò ïðèâåñòè ê ýêñïåðèìåíòàëüíîìó óñòàíîâëåíèþ
ýòèõ âåëè÷èí è äàòü îòâåò íà âîïðîñ, ÿâëÿþòñÿ íåéòðèíî
ìàéîðàíîâñêèìè èëè äèðàêîâñêèìè ÷àñòèöàìè.

Äî ñåãîäíÿøíåãî äíÿ íàèáîëåå ÷óâñòâèòåëüíûìè
ýêñïåðèìåíòàìè ïî ïîèñêó 0vββ-ðàñïàäà áûëè «êàëîðè-
ìåòðè÷åñêèå» ýêñïåðèìåíòû ñ èñïîëüçîâàíèåì ñâåðõ-
÷èñòûõ ãåðìàíèåâûõ äåòåêòîðîâ, èçãîòîâëåííûõ èç îáî-
ãàùåííîãî 76Ge (Ãåéäåëüáåðã–Ìîñêâà, Ãðàí-Ñàññî,
Èòàëèÿ; IGEX, Canfranñ, Èñïàíèÿ, è Áàêñàí, Ðîññèÿ). Â
ýòèõ ýêñïåðèìåíòàõ [1, 2] áûë äîñòèãíóò ïðåäåë íà âðå-
ìÿ æèçíè 76Ge îòíîñèòåëüíî áåçíåéòðèííîãî äâîéíîãî
áåòà-ðàñïàäà áîëåå 2 10 25⋅ ëåò, ÷òî ñîîòâåòñòâóåò îãðà-
íè÷åíèþ íà ìàññó ìàéîðàíîâñêîãî ýëåêòðîííîãî íåé-
òðèíî ìåíåå 0,3–1,0 ýÂ, â çàâèñèìîñòè îò íåîïðåäåëåí-
íîñòè ðàñ÷åòíîé âåëè÷èíû ÿäåðíîãî ìàòðè÷íîãî ýëå-
ìåíòà. Íàáîð äàííûõ â îáîèõ ýêñïåðèìåíòàõ
ïðîäîëæàëñÿ áîëåå 10 ëåò, è ê íàñòîÿùåìó âðåìåíè ïðå-
äåë ÷óâñòâèòåëüíîñòè ýòèõ ýêñïåðèìåíòîâ äîñòèã íàñû-
ùåíèÿ. Íàñòàëî âðåìÿ ñîçäàíèÿ ýêñïåðèìåíòàëüíûõ
óñòàíîâîê íîâîãî ïîêîëåíèÿ.

Ê òàêèì óñòàíîâêàì ïî ïðàâó îòíîñèòñÿ êîìïëåêñ-
íàÿ (òðåêîâûå ãàçîâûå äåòåêòîðû + ñöèíòèëëÿöèîííûé

êàëîðèìåòð + ìàãíèòíîå ïîëå) óñòàíîâêà NEMO-3
(ñì. ðèñ. 1 è ôîòî íà îáëîæêå), ñïîñîáíàÿ èçìåðÿòü íå
òîëüêî ñóììàðíóþ ýíåðãèþ ýëåêòðîíîâ ββ-ðàñïàäà, íî
è âñå îñòàëüíûå ïàðàìåòðû ýòîãî ïðîöåññà îäíîâðåìåí-
íî äëÿ âñåõ ïðàêòè÷åñêè èíòåðåñíûõ ββ-èçîòîïîâ ñ îá-
ùåé ìàññîé äî 20 êã [3].

Óñòàíîâêà NEMO-3 èìååò ôîðìó òîðà è ïðåäñòà-
âëÿåò ñîáîé ðàçáîðíóþ ìîäóëüíóþ êîíñòðóêöèþ èç 20
ñåãìåíòîâ. Ðåãèñòðèðóþùàÿ ñèñòåìà NEMO-3 âêëþ÷à-
åò â ñåáÿ òðåêîâûé äåòåêòîð íà îñíîâå 6180 ãåéãåðîâ-
ñêèõ ãàçîâûõ ñ÷åò÷èêîâ è êàëîðèìåòð, ñîñòîÿùèé èç
1940 ïëàñòìàññîâûõ ñöèíòèëëÿòîðîâ, ïðîñìàòðèâàå-
ìûõ íèçêîôîíîâûìè ÔÝÓ. Ïðè òðåõìåòðîâîé äëèíå
äðåéôîâûõ ãåéãåðîâñêèõ ÿ÷ååê â òðåêîâîé êàìåðå
NEMO-3 óäàëîñü äîáèòüñÿ õîðîøåãî ïðîñòðàíñòâåííî-
ãî ðàçðåøåíèÿ âåðøèí òðåêîâ. Òðåêîâûé îáúåì óñòàíîâ-
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Spain, and Baksan, Russia). The boundary for the neutrino-
less double beta decay lifetime of 76Ge obtained in these ex-
periments [1, 2] is over 2 10 25⋅ years, which corresponds to
the limit for the Majorana electron neutrino mass below
0 3 10. .÷ eV depending on the uncertainty of the calculated
nuclear matrix element. In both experiments data taking
went on for over 10 years, and now their sensitivity limit has
been attained. The time has come to build experimental fa-
cilities of a new generation.

One of such facilities is a combined (track gas detec-
tors + scintillation calorimeter + magnetic field) facility
NEMO-3 (see Fig. 1 and the cover photo) capable of mea-
suring not only the total energy of ββ-decay electrons but
also all the other parameters of this process for all ββ-inter-
esting isotopes of total mass up to 20 kg [3].

NEMO-3 has the shape of a torus. It is a knock-down
modular structure of 20 segments. The NEMO-3 recording
system comprises a track detector of 6180 Geiger gas coun-
ters and a calorimeter of 1940 plastic scintillators viewed by
low-background photomultipliers. With 3-m-long drift
Geiger cells in the NEMO-3 track chamber, it was possible
to get a very good space resolution of track vertices. The

track volume (~ )20 3m is filled with a working mixture of

helium and 5 % of ethanol from a special continuous-flow
gas system. Scintillation detectors perform a few functions.
They record energy of electrons emitted in the course of the
double beta decay, reject background γ quanta, measure
time-of-flight characteristics, and produce a fast trigger sig-
nal. Scintillators are arranged into two concentric cylindri-

Ðèñ. 1. Îáùèé âèä äåòåêòîðà NEMO-3: 1 — ôîëüãè-èñòî÷íè-
êè; 2 — ñöèíòèëëÿòîðû, âíåøíÿÿ ñòîðîíà; 3 — ÔÝÓ; 4 — òðå-
êîâûé îáúåì

Fig. 1. The NEMO-3 general view: 1 — foils-sourses; 2 — scintil-
lators; 3 — the PMT set-up; 4 — track volume
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êè (~ )20 3ì çàïîëíÿåòñÿ èç ñïåöèàëüíîé ïðîòî÷íîé ãà-

çîâîé ñèñòåìû ðàáî÷åé ñìåñüþ ãåëèÿ è 5 %-õ ïàðîâ ýòà-
íîëà. Ñöèíòèëëÿöèîííûå äåòåêòîðû âûïîëíÿþò
íåñêîëüêî ôóíêöèé: ðåãèñòðàöèþ ýíåðãèè ýëåêòðîíîâ,
èçëó÷àåìûõ â ïðîöåññå äâîéíîãî áåòà-ðàñïàäà; ðåæåê-
òèðîâàíèå ôîíîâûõ γ-êâàíòîâ; èçìåðåíèå âðåìÿïðîëåò-
íûõ õàðàêòåðèñòèê è âûäà÷ó áûñòðîãî ñèãíàëà òðèããå-
ðà. Ñöèíòèëëÿòîðû ôîðìèðóþò äâå êîíöåíòðè÷åñêèå
öèëèíäðè÷åñêèå ñòåíû, êîòîðûå îïðåäåëÿþò âíóòðåí-
íþþ è âíåøíþþ ïîâåðõíîñòü äåòåêòîðà. Äëÿ îáåñïå÷å-
íèÿ ~ 4π-ãåîìåòðèè èçìåðåíèé âåðõíÿÿ è íèæíÿÿ ïëîñ-
êîñòè óñòàíîâêè èìåþò äîïîëíèòåëüíûå ðÿäû ñöèíòèë-
ëÿöèîííûõ áëîêîâ ìåæäó ðÿäàìè ÿ÷ååê ãåéãåðîâñêèõ
ñ÷åò÷èêîâ. Ïîëíàÿ ìàññà ñöèíòèëëÿòîðîâ 7200 êã, ïëî-
ùàäü ðàáî÷åé ïîâåðõíîñòè âñåõ ñöèíòèëëÿòîðîâ ïðè-

áëèçèòåëüíî 50 ì 2. Èñòî÷íèêè äâîéíîãî áåòà-ðàñïàäà,
èçãîòîâëåííûå èç îáîãàùåííûõ èçîòîïîâ, âûïîëíåíû â
âèäå òîíêîñëîéíûõ ôîëüã è ïîìåùàþòñÿ íåïîñðåä-
ñòâåííî â ãàçîâûé îáúåì òðåêîâîé ÷àñòè óñòàíîâêè. Òà-
êèì îáðàçîì, â íàñòîÿùåå âðåìÿ â NEMO-3 îäíîâðåìåí-

íî èçìåðÿþòñÿ ñåìü ββ-èçîòîïîâ ( 48Ca, 82Se, 96 Zr,
100 Mo, 116Cd, 130 Te, 150Nd) îáùåé ìàññîé îêîëî 10 êã.

Îñíîâíîå ïðåèìóùåñòâî ýêñïåðèìåíòà NEMO-3 —
ýòî âîçìîæíîñòü ðåãèñòðàöèè òðåêîâ è èçìåðåíèå ýíåð-
ãèè îáîèõ ýëåêòðîíîâ ββ-ðàñïàäà, ÷òî ïîçâîëÿåò àíàëè-
çèðîâàòü ïðàêòè÷åñêè âñå õàðàêòåðèñòèêè äâîéíîãî áå-
òà-ðàñïàäà: ñóììàðíóþ ýíåðãèþ ýëåêòðîíîâ, ñïåêòðû
îäèíî÷íûõ ýëåêòðîíîâ, óãëîâûå êîððåëÿöèè è ò. ä. Ýòó
óíèêàëüíóþ èíôîðìàöèþ íåâîçìîæíî ïîëó÷èòü â ãåî-
õèìè÷åñêèõ è êàëîðèìåòðè÷åñêèõ ýêñïåðèìåíòàõ. Â
ýêñïåðèìåíòå NEMO-3 ïðåäóñìîòðåíî àêòèâíîå ïîäà-
âëåíèå ôîíà ñðàçó ïî íåñêîëüêèì êðèòåðèÿì îòáîðà ïî-
ëåçíûõ ñîáûòèé: 1) òðåêîâàÿ êàìåðà ïîçâîëÿåò âûäåëÿòü
çàðÿæåííûå ÷àñòèöû ñ îáùåé âåðøèíîé íà ïîâåðõíîñòè
èñòî÷íèêà; 2) òî÷íûå âðåìåííûå èçìåðåíèÿ ïîçâîëÿþò
îòäåëÿòü ïîëåçíûå ñîáûòèÿ, èñõîäÿùèå èç èñòî÷íèêà,
îò ñêâîçíîãî ïðîëåòà çàðÿæåííîé ÷àñòèöû; 3) ìàãíèò-
íîå ïîëå (~ 30 Ãñ) ïîçâîëÿåò ïî êðèâèçíå òðàåêòîðèé
âûäåëÿòü ýëåêòðîí-ïîçèòðîííûå ïàðû, ðîæäàåìûå ãàì-
ìà-êâàíòàìè â ôîëüãå èñòî÷íèêà, ÷òî ÿâëÿåòñÿ íàèáîëåå
îïàñíûì ôîíîâûì êàíàëîì, èíäóöèðîâàííûì íåéòðî-
íàìè. Êðîìå àêòèâíîãî ïîäàâëåíèÿ ôîíà ïðåäóñìîòðå-
íà ìíîãîñëîéíàÿ ïàññèâíàÿ çàùèòà, âêëþ÷àþùàÿ â ñåáÿ
ñàìè ïëàñòìàññîâûå ñöèíòèëëÿòîðû, ìåäü (êàòóøêè ñî-
ëåíîèäà), æåëåçî è êîìáèíàöèþ èç äåðåâÿííûõ áëîêîâ è
áàêîâ ñ âîäîé äëÿ çàùèòû îò íåéòðîíîâ.
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cal walls, making up the inner and outer surfaces of the de-
tector. The upper and lower planes of the facility have addi-
tional rows of scintillator blocks between the rows of the
Geiger counter cells to provide ~ 4π geometry. The total
mass of the scintillators is 7200 kg, the working surface area
of all scintillators is about 50 m 2. Double beta decay
sources of enriched isotopes are thin foils placed directly
into the gas volume of the track part. Thus, seven ββ iso-
topes ( 48Ca, 82Se, 96 Zr, 100 Mo, 116Cd, 130 Te, 150Nd) of

total mass about 10 kg are simultaneously measured in
NEMO-3 now.

The main advantage of the NEMO-3 experiment is a
possibility of recording tracks and measuring energy of the
both ββ-decay electrons, which allows one to analyze virtu-
ally all double beta decay characteristics, such as total ener-
gy of the electrons, spectra of single electrons, angular cor-
relations, etc. This unique information cannot be gained in
geochemical and calorimetric experiments. Active back-
ground suppression in NEMO-3 favours a few criteria for
selection of useful events at once: (i) the track chamber al-
lows distinguishing of charged particles with the common
vertex on the source surface; (ii) accurate time measure-

ments enable useful events originating from the source to be
separated from the through flight of a charged particle; (iii)
the magnetic field (~ 30 G) allows electron-positron pairs
produced by gamma quanta in the source foil, which are the
most dangerous neutron-induced background channel, to be
distinguished by the trajectory curvature. Apart from active
background suppression, multiplayer passive shielding is
provided. It includes plastic scintillators, copper (solenoid
coils), iron, and a combination of wooden blocks and tanks
with water for protection against neutrons.

The NEMO-3 design permits sources for time calibra-
tion ( )60Co and absolute energy calibration ( 90Sr, 207Bi,
137Cs) of the scintillators to be inserted into the facility. The

calibration neutron source is placed outside. In this case the
Compton electrons from gamma quanta accompanying neu-
tron capture in the material are used to calibrate the track
chamber. Apart from absolute energy calibrations carried
out a few times a year, laser-assisted relative energy calibra-
tions are carried out every day.

For NEMO-3 to be shielded against cosmic ray back-
ground, it is installed in the Modane underground laboratory
(LSM), built in a branch near the middle of the 13-km Frejus
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Êîíñòðóêöèÿ NEMO-3 ïîçâîëÿåò ââîäèòü âíóòðü
óñòàíîâêè èñòî÷íèêè äëÿ ïðîâåäåíèÿ âðåìåííûõ
( )60Co è àáñîëþòíûõ ýíåðãåòè÷åñêèõ êàëèáðîâîê ( 90Sr,
207Bi, 137Cs) ñöèíòèëëÿòîðîâ. Êàëèáðîâî÷íûé èñòî÷-

íèê íåéòðîíîâ ðàñïîëàãàåòñÿ ñíàðóæè óñòàíîâêè, â
ýòîì ñëó÷àå êîìïòîíîâñêèå ýëåêòðîíû îò ãàììà-êâàí-
òîâ, ñîïðîâîæäàþùèõ çàõâàò íåéòðîíîâ â âåùåñòâå, èñ-
ïîëüçóþòñÿ äëÿ êàëèáðîâêè òðåêîâîé êàìåðû. Êðîìå àá-
ñîëþòíûõ ýíåðãåòè÷åñêèõ êàëèáðîâîê, ïðîâîäèìûõ íå-
ñêîëüêî ðàç â ãîä, â óñòàíîâêå NEMO-3 îñóùåñòâëÿþòñÿ
åæåäíåâíûå îòíîñèòåëüíûå ýíåðãåòè÷åñêèå êàëèáðîâ-
êè ñ ïîìîùüþ ëàçåðà.

Äëÿ çàùèòû îò êîñìè÷åñêîãî ôîíà óñòàíîâêà
NEMO-3 ðàñïîëîæåíà â ïîäçåìíîé ëàáîðàòîðèè Ìîäàí
(LSM), ïîñòðîåííîé â îòâåòâëåíèè 13-êèëîìåòðîâîãî
àâòîìîáèëüíîãî òóííåëÿ Ôðåéäæþñ, ñîåäèíÿþùåãî
Ôðàíöèþ è Èòàëèþ. Òîëùèíà ñêàëüíûõ ïîðîä íàä ëàáî-
ðàòîðèåé ðàâíà 1700 ì (4800 ìåòðîâ âîäíîãî ýêâèâàëåí-
òà). Â ýòèõ óñëîâèÿõ ôîí îò êîñìè÷åñêîãî èçëó÷åíèÿ ñî-
ñòàâëÿåò âñåãî 4 ìþîíà/ì 2/ñóò.

Îñíîâó êîëëàáîðàöèè NEMO ñîñòàâëÿþò ÎÈßÈ
(Äóáíà), ôðàíöóçñêèå èíñòèòóòû LAL (Îðñý), IReS
(Ñòðàñáóðã), CENBG (Áîðäî) è ðîññèéñêèå èíñòèòóòû

ÈÒÝÔ è (ñ 1998 ã.) ÈßÈ ÐÀÍ. Ïîëíàÿ æå ãåîãðàôèÿ
ó÷àñòíèêîâ ýêñïåðèìåíòà ãîðàçäî øèðå: Ôðàíöèÿ, Ðîñ-
ñèÿ, ÑØÀ, ×åõèÿ, ßïîíèÿ, Ôèíëÿíäèÿ. Ðóêîâîäèòåëåì
êîëëàáîðàöèè NEMO ÿâëÿåòñÿ âèöå-äèðåêòîð LAL
ïðîô. Ñ. Æþëëèàí, ñîðóêîâîäèòåëü ñî ñòîðîíû
ÎÈßÈ — Â. Á. Áðóäàíèí.

Ñîòðóäíèêè Ëàáîðàòîðèè ÿäåðíûõ ïðîáëåì ÎÈßÈ
ïðèíèìàþò àêòèâíîå ó÷àñòèå â ñåðèè ýêñïåðèìåíòîâ
NEMO íà÷èíàÿ ñ 1993 ã., êîãäà ñîçäàâàëèñü ïðîòîòèïû
NEMO-1 è NEMO-2. Ïåðâûå ïðîòîòèïû ïîçâîëèëè îò-
ðàáîòàòü ìåòîäèêó, èçó÷èòü ñîáñòâåííûé ôîí óñòàíîâêè
è ïðîöåññû, èìèòèðóþùèå ñîáûòèÿ ββ-ðàñïàäà. Êðîìå
òîãî, ñ ïîìîùüþ ñïåêòðîìåòðà NEMO-2 áûëè èçìåðåíû
ïåðèîäû ïîëóðàñïàäà 2vββ-ðàñïàäà 100 Mo, 96 Zr, 116Cd

è 82Se. Ýòè ðåçóëüòàòû ÿâëÿþòñÿ íà ñåãîäíÿ ëó÷øèìè â
ìèðå.

Îñíîâíûì âêëàäîì ÎÈßÈ â ñîçäàíèå óñòàíîâêè
NEMO-3 ÿâëÿåòñÿ èçãîòîâëåíèå ñöèíòèëëÿöèîííîãî êà-
ëîðèìåòðà, îáùèé âåñ êîòîðîãî ðàâåí ïðèìåðíî 7 ò. Â
òå÷åíèå 1993–1999 ãã. â ËßÏ íà ñïåöèàëüíî ñîçäàííîé
òåõíîëîãè÷åñêîé ëèíèè áûëî èçãîòîâëåíî áîëåå 2500
ñöèíòèëëÿòîðîâ. Äëÿ äîñòèæåíèÿ íàèëó÷øåãî ýíåðãå-
òè÷åñêîãî ðàçðåøåíèÿ êàëîðèìåòðà ïðîâîäèëîñü òåñòè-
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highway tunnel connecting France and Italy. The thickness
of the rock above the laboratory is 1700 m (4800 metres wa-
ter equivalent). Under these conditions the cosmic ray back-
ground is as small as 4 muons/m 2/d.

The major participants in the NEMO collaboration are
JINR (Dubna), French institutes LAL (Orsay), IReS (Stras-
bourg), CENBG (Bordeaux) and Russian institutes ITEP
and INR RAS. Yet, the overall representation in the collabo-
ration is geographically much wider, including France,
Russia, the United States, the Czech Republic, Japan, Fin-
land. The NEMO collaboration leader is LAL Vice-Director
S. Jullian, the co-leader from JINR is V. B. Brudanin.

The staff members of JINR’s LNP have been taking an
active part in NEMO experiments since 1993, when the
NEMO-1 and NEMO-2 prototypes were being built. The
prototypes made it possible to optimize techniques, to inves-
tigate the intrinsic background of the facility and the
processes imitating ββ-decay events. In addition, 2vββ-de-
cay half-lives of 100 Mo, 96 Zr, 116Cd, and 82Se were mea-
sured with the NEMO-2 spectrometer. The results are the
world’s best to date.

The major JINR contribution to NEMO-3 is construc-
tion of the scintillation calorimeter weighing about 7 t. In
1993–1999 over 2500 scintillators were produced on the
technological line specially built at JINR’s LNP. To get the
best possible energy resolution of the calorimeter, scintilla-
tors made by various technologies, of various shapes and di-
mensions were tested; finished scintillators were selected by
resolution. In addition, various methods of machining the
scintillator surface were tried; various types of photomulti-
pliers, reflectors, light guides and various ways of connect-
ing optical system elements were investigated. As a result, it
became possible to get the energy resolution ∆E E/ for
1-MeV electrons averaged over all detectors as good as
12 %. This was a unique achievement by itself, considering
that each scintillator weighed from 3 to 5 kg.

Also, a larger part of load-carrying structures (250 t of
copper and steel) and steel shielding (200 t) for NEMO-3
were manufactured at the JINR Experimental Workshop.
The cable system (~ 100 km of cables) for the experiment
was made and tested at LNP. All the work was done in com-
pliance with the severe requirements to radioactive purity of
materials maintained at NEMO-3.
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ðîâàíèå ñöèíòèëëÿòîðîâ ðàçëè÷íîé òåõíîëîãèè èçãîòî-
âëåíèÿ, ðàçíîé ôîðìû è ðàçìåðîâ; ïðîâîäèëñÿ îòáîð
ãîòîâûõ ñöèíòèëëÿòîðîâ ïî ðàçðåøåíèþ. Êðîìå òîãî,
îïðîáîâàëèñü ðàçëè÷íûå âàðèàíòû îáðàáîòêè ïîâåðõ-
íîñòè ñöèíòèëëÿòîðîâ; èññëåäîâàëèñü ðàçíûå òèïû
ÔÝÓ, îòðàæàòåëåé, ñâåòîâîäîâ, ñïîñîáîâ ñîåäèíåíèÿ
ýëåìåíòîâ îïòè÷åñêîé ñèñòåìû. Â ðåçóëüòàòå óäàëîñü
ïîëó÷èòü ñðåäíåå ïî âñåì äåòåêòîðàì ýíåðãåòè÷åñêîå
ðàçðåøåíèå ∆E E/ äëÿ ýëåêòðîíîâ ñ ýíåðãèåé 1 ÌýÂ îêî-
ëî 12 %. Ýòî ñàìî ïî ñåáå óíèêàëüíîå äîñòèæåíèå, åñëè
ó÷åñòü, ÷òî âåñ êàæäîãî ñöèíòèëëÿòîðà îò 3 äî 5 êã.

Áûëà èçãîòîâëåíà è ïðîòåñòèðîâàíà êàáåëüíàÿ
îñíàñòêà (~ 100 êì êàáåëåé) ýêñïåðèìåíòà. Âåñü ýòîò
îáúåì ðàáîò áûë ïðîâåäåí ïðè òùàòåëüíîì ñîáëþäåíèè
æåñòêèõ òðåáîâàíèé ê ðàäèàöèîííîé ÷èñòîòå ìàòåðèà-
ëîâ, èñïîëüçóåìûõ â NEMO-3. Ñîòðóäíèêè ËßÏ ó÷à-
ñòâóþò è â ðàçðàáîòêå êîìïüþòåðíîãî îáåñïå÷åíèÿ ýêñ-
ïåðèìåíòà — ñîçäàíèè ïðîãðàìì îáðàáîòêè òðåêîâîé
èíôîðìàöèè è âðåìåííûõ êàëèáðîâîê, à òàêæå â ñîçäà-
íèè áàçû äàííûõ è ïàêåòà ñèìóëÿöèè.

Â Îïûòíîì ïðîèçâîäñòâå ÎÈßÈ áûëà èçãîòîâëåíà
áîëüøàÿ ÷àñòü íåñóùèõ êîíñòðóêöèé NEMO-3
(250 òîíí ìåäè è ñòàëè) è ñòàëüíàÿ çàùèòà (200 òîíí).

Â íàñòîÿùèé ìîìåíò óñòàíîâêà NEMO-3 ïîëíî-
ñòüþ ñìîíòèðîâàíà è îñóùåñòâëåí åå ôèçè÷åñêèé çà-
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The LNP staff members also take a major part in devel-

oping software for the experiment, which includes develop-

ment of special software for track information processing
and time calibration, development of the database and a sim-
ulation package.

Now NEMO-3 is completely assembled and commis-
sioned. In June 2002 its operation was tested in the course of
two-week measurements under normal conditions. For only
100 hours of measurement 2401 events of the 100 Mo 2vββ
decay were recorded (see the spectrum in Fig. 3), which is
1.5 times larger than the entire statistics accumulated for
two years of measurements at NEMO-2.

On 12 July 2002, an official presentation of the
NEMO-3 experiment took place at the underground labora-
tory LSM. Official representatives of the French and
Russian scientific centres and leading scientists from other
countries were invited to attend the ceremony together with
the participants in the experiment. The JINR delegation in-
cluded V. G. Kadyshevsky, Ts. Vylov, P. N. Bogolyubov,
and A. V. Belushkin.

At the first stage of NEMO-3 measurements with 7 kg
of 100 Mo, it is planned to attain the sensitivity

T
v

1 2
0 245 10/ ~ββ ⋅ years or the neutrino mass limit 01 0 4. .− eV

Ðèñ. 3. Ñïåêòð ñóììàðíîé ýíåðãèè ýëåêòðîíîâ äâîéíîãî äâóõ-

íåéòðèííîãî áåòà-ðàñïàäà 100Mo, íàáðàííûé çà ïåðâóþ 100-
÷àñîâóþ ýêñïîçèöèþ íà óñòàíîâêå NEMO-3

Fig. 3. The spectrum of sum energy of electrons in double two-neu-

trino beta decay of 100Mo, collected during the first 100-hour expo-

sition at NEMO-3
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Ðèñ. 2. Îäíî èç ïåðâûõ ñîáûòèé äâîéíîãî äâóõíåéòðèííîãî

áåòà-ðàñïàäà 100Mo, çàðåãèñòðèðîâàííîå â NEMO-3

Fig. 2. One of the first events of a double two-neutrino beta decay

of 100Mo, registered at NEMO-3



ïóñê. Â èþíå 2002 ã. ðàáîòîñïîñîáíîñòü NEMO-3 áûëà

ïðîâåðåíà â õîäå äâóõíåäåëüíûõ èçìåðåíèé â øòàòíîì

ðåæèìå. Âñåãî ëèøü çà 100 ÷àñîâ èçìåðåíèé áûëî çàðå-

ãèñòðèðîâàíî 2401 ñîáûòèå ïî êàíàëó 2vββ-ðàñïàäà
100 Mo (ñì. ñïåêòð íà ðèñ. 3), ÷òî â ïîëòîðà ðàçà áîëüøå

âñåé ñòàòèñòèêè, íàêîïëåííîé çà äâà ãîäà èçìåðåíèé â

NEMO-2.

12 èþëÿ 2002 ã. â ïîäçåìíîé ëàáîðàòîðèè LSM ñî-

ñòîÿëàñü îôèöèàëüíàÿ ïðåçåíòàöèÿ NEMO-3, íà êîòî-

ðóþ, êðîìå ñàìèõ ó÷àñòíèêîâ ýêñïåðèìåíòà, áûëè ïðè-

ãëàøåíû âåäóùèå ó÷åíûå è îôèöèàëüíûå ïðåäñòàâèòå-

ëè èç ôðàíöóçñêèõ, ðîññèéñêèõ è äðóãèõ íàó÷íûõ

öåíòðîâ ðàçíûõ ñòðàí. Â îôèöèàëüíóþ äåëåãàöèþ

ÎÈßÈ âõîäèëè Â. Ã. Êàäûøåâñêèé, Ö. Âûëîâ, Ï. Í. Áî-

ãîëþáîâ, À. Â. Áåëóøêèí.

Íà ïåðâîì ýòàïå èçìåðåíèé ñ 7 êã 100 Mo â ýêñïåðè-

ìåíòå NEMO-3 çà íåñêîëüêî ëåò ïëàíèðóåòñÿ äîñòèã-

íóòü ÷óâñòâèòåëüíîñòè T
v

1 2
0 245 10
/

~
ββ ⋅ ëåò èëè ïðåäåëà

íà ìàññó íåéòðèíî 0,1–0,4 ýÂ. Íà ñëåäóþùèõ ýòàïàõ ñ

20 êã 82Se, à çàòåì è ñ 20 êã 150 Nd ïëàíèðóåòñÿ äîñòè÷ü

ðåêîðäíîé ÷óâñòâèòåëüíîñòè ïî ìàññå ýëåêòðîííîãî

íåéòðèíî ìåíåå 0,1 ýÂ.

Äàëüíåéøèå óñïåõè â äàííîì íàïðàâëåíèè ñâÿçû-

âàþòñÿ ñ âîçìîæíîñòüþ îñóùåñòâëåíèÿ ïðîåêòà ïî ðàç-

äåëåíèþ èçîòîïîâ ÌÖÛÐÈ, ïîäãîòàâëèâàåìîãî â íà-

ñòîÿùåå âðåìÿ â ÎÈßÈ ñîâìåñòíî ñ ÐÍÖ «Êóð÷àòîâ-

ñêèé èíñòèòóò». Â ñëó÷àå óñïåøíîé ðåàëèçàöèè

ïðîåêòîâ NEMO è ÌÖÛÐÈ âïîëíå ðåàëüíîé âûãëÿäèò

ïåðñïåêòèâà íîâûõ ýêñïåðèìåíòîâ ïî ïîèñêó 0vββ-ðàñ-

ïàäà ñ èñïîëüçîâàíèåì äåñÿòêîâ è ñîòåí êèëîãðàìì èñ-

ñëåäóåìîãî âåùåñòâà è äîñòèæåíèå ÷óâñòâèòåëüíîñòè

ïî ìàññå íåéòðèíî íà óðîâíå 0,01 ýÂ.

Â çàêëþ÷åíèå íåîáõîäèìî ïîä÷åðêíóòü, ÷òî íîâûå

ðåçóëüòàòû ïî èññëåäîâàíèþ äâîéíîãî áåòà-ðàñïàäà â

áëèæàéøèå 5–10 ëåò áóäóò ñâÿçàíû â ïåðâóþ î÷åðåäü ñ

ðàáîòîé NEMO-3. Ïðèìåðíî ñòîëüêî âðåìåíè ïîòðåáó-

åòñÿ äðóãèì íîâûì ïðîåêòàì òàêîãî ìàñøòàáà äëÿ òîãî,

÷òîáû ïåðåéòè èç ñòàäèè íà÷àëüíûõ èññëåäîâàíèé è

ðàçðàáîòîê ê ïðàêòè÷åñêîìó îñóùåñòâëåíèþ.
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in a few years. At the next stages with 20 kg of 82Se and

then with 20 kg of 150 Nd as well, it is planned to attain the

record electron neutrino mass sensitivity below 0.1 eV.

Further progress in this field depends on implementa-

tion of the isotope separation project MCYRI, which is now

being developed at JINR together with the Russian Re-

search Centre «Kurchatov Institute». If both NEMO and

MCYRI projects are successfully implemented, it becomes

quite real to carry out new experiments on the search for

0vββ decay with tens and hundreds of kilograms of the en-

riched isotopes and to attain a neutrino mass sensitivity at a

level of 0.01 eV.

In conclusion it should be emphasized that in the com-

ing 5–10 years new results in the investigation of the double

beta decay will be associated primarily with NEMO-3. This

is the time that new projects of this scale need to pass from

initial research and development stage to practical imple-

mentation.
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Ä. Ò. Ìàäèãîæèí

Òî÷íîå èçìåðåíèå ñðåäíåãî âðåìåíè æèçíè
KS-ìåçîíîâ è ìàññ �- è K0-ìåçîíîâ
â ýêñïåðèìåíòå NA48

Òî÷íûå èçìåðåíèÿ îñíîâíûõ ôèçè÷åñêèõ ïàðàìå-

òðîâ — ìàññ è âðåìåí æèçíè õîðîøî èçâåñòíûõ ÷à-

ñòèö — îñòàþòñÿ âåñüìà àêòóàëüíûìè, ïîñêîëüêó ýòè

ïàðàìåòðû èñïîëüçóþòñÿ â àíàëèçå äàííûõ ñîâðåìåí-

íûõ ôèçè÷åñêèõ ýêñïåðèìåíòîâ, òàêèõ êàê èçó÷åíèå íå-

ïðÿìîãî è ïðÿìîãî íàðóøåíèÿ ÑÐ-ñèììåòðèè [1] è òî÷-

íûå ïðîâåðêè ÑÐÒ-èíâàðèàíòíîñòè. Â ïîñëåäíèå ãîäû

âðåìÿ æèçíè K S
0 áûëî èçâåñòíî ñ îòíîñèòåëüíîé òî÷íî-

ñòüþ îêîëî 0,1 %. Ìèðîâàÿ ñðåäíÿÿ îòíîñèòåëüíàÿ íå-

îïðåäåëåííîñòü ìàññû K 0 áûëà ± ⋅ −6 10 6. Ìàññà η áûëà

èçâåñòíà õóæå — ñ íåîïðåäåëåííîñòüþ ± ⋅ −2 10 4 . Íåäàâ-

íèå èçìåðåíèÿ â ýêñïåðèìåíòå NA48 [2, 3] â ïó÷êå SPS â

ÖÅÐÍ çíà÷èòåëüíî óëó÷øèëè òî÷íîñòü íàøåãî çíàíèÿ

îá ýòèõ ôèçè÷åñêèõ êîíñòàíòàõ.

Â ìåòîäå èçìåðåíèÿ âðåìåíè æèçíè K S
0 èñïîëüçî-

âàëèñü ïðåèìóùåñòâà ïî÷òè êîëëèíåàðíûõ ïó÷êîâ K L
0 è

K S
0 íà óñòàíîâêå NA48, ÷òî ïðèâîäèò â ïåðâîì ïîðÿäêå

ê ñîêðàùåíèþ àêñåïòàíñà äåòåêòîðà â îòíîøåíèÿõ ðàñ-

ïðåäåëåíèé K S
0 è K L

0 ïî âðåìåíè æèçíè â êàæäîì ýíåð-

ãåòè÷åñêîì áèíå ñïåêòðîâ. Îñòàòî÷íûå ýôôåêòû àêñå-

ïòàíñà áûëè ó÷òåíû òî÷íûì ìîäåëèðîâàíèåì ìåòîäîì

Ìîíòå-Êàðëî. Îòáîð êàîíîâ è àíàëèç ñèñòåìàòè÷åñêèõ

ýôôåêòîâ áûëè àíàëîãè÷íû òåì, ÷òî èñïîëüçîâàëèñü
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D. Madigozhin

Precision Measurement of KS Lifetime and
Masses of η and K0 in the NA48 Experiment

Precision measurements of the basic physics parame-

ters, such as the masses and mean lifetimes of the

well-known particles, are still very important as essential in-

puts to many experimental analyses as well as theoretical es-

timations. In particular, these values are used in studies of

indirect and direct CP violation [1] or precision tests of CPT

invariance. Only the well-advanced experiments with a pre-

cise detector capability and collecting world largest data

samples are able now to improve the current knowledge on

these constants. The K S
0 lifetime was known with a relative

precision of about 0.1 %. The world average relative uncer-

tainty for theK 0 mass was ± ⋅ −6 10 6. The ηmass was known

worse, the uncertainty was ± ⋅ −2 10 4 . The recent NA48 mea-

surements [2, 3] at CERN’s SPS have improved essentially

the precision of our knowledge about these constants.

The method for the K S
0 lifetime measurement has ex-

ploited the advantages of the near collinear K L
0 and K S

0

beams of the NA48 set-up, leading to the first-order can-

celling of the detector acceptances in the ratio of the K S
0 and

K L
0 time distributions in every energy bin of the spectra. The

K S
0 mean lifetime is estimated from the fit of the measured

K t K tS L
0 0( ) ( ) ratio. The fit result has very small sensitivity

to the K L
0 lifetime due to its very large value with respect to

the K S
0 one. The rest of the acceptance effects have been

taken into account by the precise Monte-Carlo simulation.

The kaons selection and systematic effects analysis were

similar to the ones used to achieve the main NA48 task —

measurement of direct CP violation parameter ε ε'/ . The
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äëÿ äîñòèæåíèÿ ãëàâíîé öåëè ýêñïåðèìåíòà NA48 —

èçìåðåíèÿ ïàðàìåòðà ïðÿìîãî ÑÐ-íàðóøåíèÿε ε' / . Èçìå-

ðåíèå áûëî âûïîëíåíî êàê äëÿ ðàñïàäà K 0 0 0→ π π , òàê

è äëÿ ìîäû K 0 → + −π π . Îáúåäèíåííûé ðåçóëüòàò

τ( ) ( , , , )K S
0 100 89598 0 00048 0 00051 10= ± ± ⋅ − ñ (ïåðâàÿ

îøèáêà — ñòàòèñòè÷åñêàÿ, âòîðàÿ — ñèñòåìàòè÷åñêàÿ).

Òî÷íîñòü ýòîãî èçìåðåíèÿ ëó÷øå, ÷åì ó ïîñëåäíåãî

ñðåäíåãî ìèðîâîãî çíà÷åíèÿ, à èçìåðåííàÿ âåëè÷èíà

ïðèìåðíî íà 1,7 ñòàíäàðòíûõ îòêëîíåíèé âûøå íåãî.

Ìàññû K 0- è η-ìåçîíîâ áûëè èçìåðåíû ñ èñïîëüçî-

âàíèåì èõ ðàñïàäîâ íà òðè íåéòðàëüíûõ ïèîíà ñî ñðåä-

íèìè ýíåðãèÿìè îêîëî 110 ÃýÂ. Ôîòîíû èç ðàñïàäîâ

íåéòðàëüíûõ ïèîíîâ äåòåêòèðîâàëèñü ñ ïîìîùüþ òî÷-

íîãî êâàçèãîìîãåííîãî æèäêîêðèïòîíîâîãî êàëîðèìå-

òðà, ïîñòðîåííîãî ïðè çíà÷èòåëüíîì ó÷àñòèè ÎÈßÈ.

Ýòîò êàëîðèìåòð ïîçâîëÿåò òî÷íî èçìåðèòü ýíåðãèè è

ïîïåðå÷íûå ïîëîæåíèÿ ôîòîíîâ âûñîêèõ ýíåðãèé. Ìàñ-

ñû èçó÷àåìûõ ìåçîíîâ èçìåðÿëèñü ïî îòíîøåíèþ ê

ìàññå π0 òàêèì îáðàçîì, ÷òî âîçìîæíûé ëèíåéíûé

ñäâèã ýíåðãåòè÷åñêîé øêàëû â êîíå÷íîì ðåçóëüòàòå ñî-

êðàùàëñÿ.

Íåéòðàëüíûé ïó÷îê K L
0 ñîçäàâàëñÿ íà îñíîâå âûâå-

äåííîãî èç SPS ïðîòîííîãî ïó÷êà ñ èìïóëüñîì

450 ÃýÂ/ñ. Íåéòðàëüíûé âòîðè÷íûé ïó÷îê ãåíåðèðîâàë-

ñÿ ñ èñïîëüçîâàíèåì òðåõ ñòàäèé êîëëèìàöèè íà ïðîòÿ-

æåíèè 126 ìåòðîâ. Áëàãîäàðÿ áîëüøîìó ðàññòîÿíèþ ìå-

æäó ìèøåíüþ è ðàñïàäíûì îáúåìîì â ðàñïàäàõ äîìè-

íèðóþò K L
0 03→ π . Âî âðåìÿ ñïåöèàëüíûõ ïåðèîäîâ

ðåãèñòðàöèè äàííûõ ïó÷îê îòðèöàòåëüíî çàðÿæåííûõ

âòîðè÷íûõ ÷àñòèö íàïðàâëÿëñÿ íà ìèøåíè, âðåìåííî

ðàçìåùåííûå â íà÷àëå è â êîíöå ðàñïàäíîãî îáúåìà êàî-

íîâ, à η-ìåçîíû ðîæäàëèñü è ðàñïàäàëèñü âíóòðè ýòèõ

ìèøåíåé. ×òîáû ìèíèìèçèðîâàòü ÷óâñòâèòåëüíîñòü èç-

ìåðåíèÿ ê îñòàòî÷íîé íåëèíåéíîñòè îòêëèêà êàëîðèìå-

òðà, îòáèðàëèñü òîëüêî òàêèå ðàñïàäû, âñå ïðîäóêòû êî-

òîðûõ èìåëè ñðàâíèìûå ìåæäó ñîáîé ýíåðãèè. Ýíåðãèÿ

êàæäîãî ãàììà-êâàíòà ìîãëà îòêëîíÿòüñÿ îò ñðåäíåãî

äëÿ äàííîãî ðàñïàäà çíà÷åíèÿ íå áîëåå ÷åì íà 30 %.

Áûëè ïîëó÷åíû ñëåäóþùèå çíà÷åíèÿ ìàññ:

M( ) ( , , )η = ±547 843 0 051 ÌýÂ/c2; M K( ) ( ,0 497 625= ±
±0 031, ) ÌýÂ/c2. Ìàññà K 0 ñîãëàñóåòñÿ ñ èçâåñòíûì

ñðåäíèì ìèðîâûì çíà÷åíèåì â ïðåäåëàõ 1,1 ñòàíäàðò-

íîãî îòêëîíåíèÿ è èìååò íåîïðåäåëåííîñòü, áëèçêóþ ê
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measurements have been carried out for both K 0 0 0→ π π
and K 0 → + −π π decay modes. The combined result

τ( ) ( . . . )K S
0 100 89598 0 00048 0 00051 10= ± ± ⋅ − s (the first

error is statistical and the second is systematic). It has a pre-

cision better than the recent PDG average, and lies about 1.7

standard deviations above it.

The K 0 and η masses have been measured using K L
0

and η decays to three neutral pions with average energies

near 110 GeV. Photons from neutral pion decays were de-

tected with a precise quasi-homogeneous liquid kripton

calorimeter, built with a considerable participation of JINR.

This device allows photon energies as well as impact

transversal coordinates to be measured accurately. The

masses are measured with respect to the π0 mass in such a

way that the linear energy scale factor is cancelled in the fi-

nal expression for the mass.

The neutral K L
0 beam is derived from the 450 GeV/c

protons extracted from the SPS. A neutral beam is generated

using three stages of collimation over 126 m. Due to the

long distance between the target and the decay region, the

decays are dominated by K L
0 03→ π . During special data-

taking periods, a beam of negatively charged secondary par-

ticles is directed to special targets near the beginning and to-

wards the end of the kaon decay region, and η mesons are

produced and decay inside these targets. To minimise the

sensitivity of the measurement to the residual nonlinearity

of the calorimeter response, only the decays with compara-

ble energies of all the products have been selected. The ener-

gy of every photon was allowed to deviate from the average

in this event by no more than 30 %.

The following mass values have been obtained:

M( ) ( . . )η = ±547843 0 051 MeV/c 2; M K( ) ( .0 497625= ±
± 0 031. ) MeV/c 2. The K 0 mass is consistent with the pre-

sent world average within 1.1 standard deviations with a

similar uncertainty. The uncertainty of the η mass is about

2.4 times smaller than the current world average one, while

the η mass differs from the world average by about 4.2 stan-

dard deviations. Thus, the new most precise masses of K S
0

and η, as well asK S
0 mean lifetime, are now available for the

world physics community to be used in the contemporary

experiment analysis and theory.
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ñðåäíåìèðîâîé. Íåîïðåäåëåííîñòü èç-

ìåðåííîé ìàññû η ïðèìåðíî â 2,4 ðàçà

ìåíüøå, ÷åì ó ñðåäíåãî ìèðîâîãî çíà-

÷åíèÿ, ïðè÷åì çíà÷åíèå ìàññû îòëè÷à-

åòñÿ îò ìèðîâîãî ñðåäíåãî ïðèìåðíî

íà 4,2 ñòàíäàðòíûõ îòêëîíåíèÿ.

Òàêèì îáðàçîì, íîâûå òî÷íûå çíà-

÷åíèÿ ìàññû è âðåìåíè æèçíè K S
0 , à

òàêæå ìàññû η òåïåðü äîñòóïíû ìèðî-

âîìó ôèçè÷åñêîìó ñîîáùåñòâó äëÿ èñ-

ïîëüçîâàíèÿ â àíàëèçå äàííûõ è â òåî-

ðåòè÷åñêèõ ðàáîòàõ.
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Óñòàíîâêà ÌÀÐÓÑß

Ñðåäè ôóíäàìåíòàëüíûõ ïðîáëåì ñîâðåìåííîé ÿäåðíîé ôèçèêè è

ôèçèêè ÷àñòèö îñîáóþ âàæíîñòü èìåþò ïðîáëåìû êîíôàéíìåíòà â ñèëü-

íûõ âçàèìîäåéñòâèÿõ, ïðîèñõîæäåíèÿ ñïèíà íóêëîíà, ñòðóêòóðû âàêóó-

ìà. Ðåøåíèå ýòèõ ïðîáëåì òðåáóåò ïîñëåäîâàòåëüíûõ ýêñïåðèìåíòàëü-

íûõ è òåîðåòè÷åñêèõ èññëåäîâàíèé ïðîöåññîâ, ïðîòåêàþùèõ íà ðàññòîÿ-

íèÿõ ïîðÿäêà ðàäèóñà êîíôàéíìåíòà. Ýòà îáëàñòü ïîëó÷èëà íàçâàíèå

ïåðåõîäíîé îáëàñòè ýíåðãèé, êîãäà ïðîòîíû è íåéòðîíû, êàê ïðîñòåéøèå

ñîñòàâëÿþùèå ÿäðà, òåðÿþò ñâîþ òî÷å÷íîïîäîáíóþ ýëåìåíòàðíîñòü è

íåîáõîäèì ó÷åò èõ âíóòðåííåé ñòðóêòóðû, à òàêæå èõ êîëëåêòèâíûõ âçà-

èìîäåéñòâèé âíóòðè ÿäðà. Äëÿ èçó÷åíèÿ ýòîé ñëîæíîé ñ òåîðåòè÷åñêîé

òî÷êè çðåíèÿ îáëàñòè îòíîñèòåëüíûõ ñêîðîñòåé ñòàëêèâàþùèõñÿ ÿäåð

íàèáîëåå ïîäõîäÿùèìè ÿâëÿþòñÿ ïó÷êè íóêëîòðîíà.

Îäíèì èç ïåðñïåêòèâíûõ íàïðàâëåíèé ýêñïåðèìåíòàëüíîãî èññëå-

äîâàíèÿ ïåðåõîäíîé îáëàñòè ýíåðãèé ÿâëÿåòñÿ èçó÷åíèå ïîäïîðîãîâûõ è

êóìóëÿòèâíûõ ïðîöåññîâ, â îñîáåííîñòè ñ ó÷åòîì íàïðàâëåíèÿ ïîëÿðè-

çàöèè ñòàëêèâàþùèõñÿ ÿäåð. Ïîä «ïîäïîðîãîâûìè» çäåñü ïîíèìàþòñÿ

òàêèå ðåàêöèè, ãäå ðåãèñòðèðóþòñÿ ÷àñòèöû, ðîæäåíèå êîòîðûõ çàïðå-
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A. Baldin

The MARUSYA Set-up

Among fundamental problems of modern nuclear and particle physics the

problems of confinement in strong interactions, the origin of the spin of a nu-

cleon, the structure of vacuum are of special importance. The solution of these

problems requires thorough experimental and theoretical investigation of the

processes taking place at the distances of the order of the radius of confine-

ment. This region is called «the transition energy range», when protons and

neutrons, as elementary constituents of the nucleus, lose their point-like singu-

larity, and it becomes necessary to account for their internal structure and their

collective interactions within the nucleus. The investigation of this range of

relative velocities of colliding particles, complicated from the theoretical point

of view, is feasible with the Nuclotron beams.

One of the promising directions of the experimental investigation of the

transition energy range is the study of subthreshold and cumulative processes,

in particular, with account of the direction of polarization of colliding nuclei.

Here «subthreshold» reactions are those in which we register the production of

particles forbidden by the energy-momentum conservation laws without ac-
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ùåíî çàêîíàìè ñîõðàíåíèÿ ýíåðãèè-èìïóëüñà áåç ó÷åòà
êîëëåêòèâíûõ ýôôåêòîâ â ÿäðàõ. Äîïîëíèòåëüíàÿ è íå-
çàâèñèìàÿ èíôîðìàöèÿ î ìåõàíèçìàõ ïðîòåêàíèÿ òàêèõ
ïðîöåññîâ ìîæåò áûòü ïîëó÷åíà ïðè èçó÷åíèè ñïèí-çà-
âèñèìûõ õàðàêòåðèñòèê âçàèìîäåéñòâèÿ ïðè ðîæäåíèè
ðàçëè÷íûõ òèïîâ ÷àñòèö (ïèîíîâ, ïðîòîíîâ, êàîíîâ).

Ñîçäàâàåìàÿ â ËÂÝ ÎÈßÈ â ðàìêàõ ìåæäóíàðîä-
íîé êîëëàáîðàöèè óñòàíîâêà ÌÀÐÓÑß óæå èìååò â ñâî-
åì ñîñòàâå íåîáõîäèìûå äåòåêòîðû, ïîçâîëÿþùèå ýêñ-
ïåðèìåíòàëüíî èçó÷àòü ÷àñòü ïåðå÷èñëåííûõ ïðîáëåì.
Ñâåòîñèëüíûé ìàãíèòîîïòè÷åñêèé êàíàë îáåñïå÷èâàåò
íåîáõîäèìóþ ñòàòèñòèêó. Âðàùàþùèéñÿ ìàãíèòíûé
ñïåêòðîìåòð è âðåìÿïðîëåòíàÿ ñèñòåìà èäåíòèôèêàöèè
÷àñòèö ïîçâîëÿò èññëåäîâàòü ïðîöåññû ðîæäåíèÿ Ê + -,

Ê − -ìåçîíîâ, ïðîòîíîâ è ÿäåðíûõ ôðàãìåíòîâ â êóìóëÿ-
òèâíîé, ãëóáîêîïîäïîðîãîâîé è íåêóìóëÿòèâíîé îáëà-
ñòÿõ ôàçîâîãî ïðîñòðàíñòâà.

Â ïîñëåäíåì ñåàíñå ðàáîòû íóêëîòðîíà (èþíü
2002 ã.) áûëà ïðîâåäåíà íàñòðîéêà ìàãíèòîîïòè÷åñêîé
ñèñòåìû ñïåêòðîìåòðà è ïîëó÷åíû ñïåêòðû ïèîíîâ,
ïðîòîíîâ, äåéòðîíîâ (ñì. ðèñóíîê).

Â îòëè÷èå îò äîðîãîñòîÿùèõ óñòàíîâîê ñ ãåîìåòðè-
åé, áëèçêîé ê 4-π, îòëè÷èòåëüíîé îñîáåííîñòüþ óñòà-
íîâêè ÌÀÐÓÑß ÿâëÿåòñÿ èñïîëüçîâàíèå ñâåòîñèëüíîãî
ìàãíèòîîïòè÷åñêîãî ñïåêòðîìåòðà â ñî÷åòàíèè ñ äåòåê-
òîðîì ìíîæåñòâåííîñòè, ñïîñîáíûõ ðàáîòàòü ñ áîëüøè-
ìè èíòåíñèâíîñòÿìè ïåðâè÷íîãî ïó÷êà. Ýòî ïîçâîëÿåò
èçìåðÿòü ìàëûå ñå÷åíèÿ ãëóáîêîïîäïîðîãîâûõ ïðîöåñ-
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count of collective effects in nuclei. Additional and inde-
pendent information on the mechanisms of such processes
may be obtained from investigation of spin-dependent para-
meters of interaction at production of different types of par-
ticles (pions, protons, kaons).

The MARUSYA set-up developed at JINR’s LHE in the
framework of international collaboration is already
equipped with the detectors allowing one to carry out exper-
imental investigations of some of the above-mentioned
problems. The wide-aperture magneto-optical channel pro-
vides the required statistics. The rotating magnetic spec-
trometer and the time-of-flight system of particle identifica-

tion allow investigating the processes of production of K + ,
K − mesons, protons and nuclear fragments in the
cumulative, deep-subthreshold and noncumulative regions
of the phase space.

During the run of the Nuclotron in June, 2002, the ad-
justment of the magneto-optical system of the spectrometer
was carried out, and the spectra of pions, protons, deuterons
were measured (see figure).

Unlike expensive set-ups with the geometry close to
4-π, the specific feature of the MARUSYA set-up is the ap-
plication of the high-aperture magneto-optical spectrometer
in combination with the multiplicity detector capable of
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Ñïåêòðû ïðîòîíîâ è ïèîíîâ ïðè ðàçëè÷íûõ ðåæèìàõ ðàáîòû ìàãíèòîîïòè÷åñêîãî ñïåêòðîìåòðà ÌÀÐÓÑß

The spectra of protons and pions at various operating modes of the magneto-optical spectrometer MARUSYA



ñîâ, ïîëó÷àòü ñòàòèñòè÷åñêè îáåñïå÷åííûå âåëè÷èíû
ïîëÿðèçàöèîííûõ õàðàêòåðèñòèê èññëåäóåìûõ ðåàê-
öèé, ïðîâîäèòü ýêñïåðèìåíòû ñ ïó÷êàìè âòîðè÷íûõ ÷à-
ñòèö.

Â íàøèõ ïåðâûõ ýêñïåðèìåíòàõ ïî èçó÷åíèþ îáðà-
çîâàíèÿ ïðîòîíîâ, ïèîíîâ è êàîíîâ ïîä íåíóëåâûìè
óãëàìè â ïó÷êàõ ïîëÿðèçîâàííûõ äåéòðîíîâ íàáëþäà-
ëàñü ñëîæíàÿ çàâèñèìîñòü âåêòîðíîé àíàëèçèðóþùåé
ñïîñîáíîñòè (àñèììåòðèè) îò ýíåðãèè ïó÷êà, èìïóëüñà
è òèïà ðåãèñòðèðóåìûõ ÷àñòèö. Òàê, íàïðèìåð, ëå-
âî-ïðàâûå àñèììåòðèè ïðîòîíîâ è ïèîíîâ èìåþò ðàç-
íûå çíàêè.

Â íàñòîÿùåå âðåìÿ òåîðåòè÷åñêèå ìîäåëè îïèñàíèÿ
ïîëÿðèçàöèîííûõ ÿâëåíèé â ïåðåõîäíîé îáëàñòè ýíåð-
ãèé íàõîäÿòñÿ â ñòàäèè ôîðìóëèðîâêè îñíîâíûõ ãèïî-
òåç, ïîýòîìó ïîñëåäîâàòåëüíûå ýêñïåðèìåíòàëüíûå èñ-
ñëåäîâàíèÿ â ýòîé îáëàñòè ÿâëÿþòñÿ êðàéíå âàæíûìè.

Ïðîãðàììà ýêñïåðèìåíòàëüíûõ èññëåäîâàíèé íà
óñòàíîâêå ÌÀÐÓÑß ïîñòðîåíà íà îñíîâå ïîýòàïíîãî
óâåëè÷åíèÿ ÷èñëà äåòåêòîðîâ è óñëîæíåíèÿ ìåòîäèêè
ðåãèñòðàöèè ÷àñòèö. Ýòî îçíà÷àåò, ÷òî ïåðâûå ïðîñòåé-
øèå ýêñïåðèìåíòû áóäóò ïðîäîëæåíû ñ ðàñøèðåííûìè
âîçìîæíîñòÿìè (ðàçëè÷íûå óãëû ðåãèñòðàöèè 20 90°− °,
øèðîêèé äèàïàçîí èìïóëüñîâ ðåãèñòðèðóåìûõ ÷àñòèö

îò 0,5 äî 2 ÃýÂ/ñ, áîëåå øèðîêèé äèàïàçîí ïó÷êîâ íó-
êëîòðîíà). Êàê ïîêàçàë íàêîïëåííûé îïûò, äëÿ ïðîâå-
äåíèÿ òàêèõ ýêñïåðèìåíòîâ íà áàçå íîâîãî
ìàãíèòîîïòè÷åñêîãî ñïåêòðîìåòðà ÌÀÐÓÑß äîñòàòî÷-
íî íåáîëüøîãî êîëè÷åñòâà èìåþùèõñÿ äåòåêòîðîâ.

Ê ïåðâûì ýêñïåðèìåíòàì îòíîñÿòñÿ èçìåðåíèÿ
ýíåðãåòè÷åñêèõ è À-çàâèñèìîñòåé îáðàçîâàíèÿ êàîíîâ è
àíòèïðîòîíîâ, èçó÷åíèå âåêòîðíîé àíàëèçèðóþùåé
ñïîñîáíîñòè â çàâèñèìîñòè îò òèïîâ ðåãèñòðèðóåìûõ
÷àñòèö íà ïó÷êàõ ïîëÿðèçîâàííûõ äåéòðîíîâ.

Ðàñïîëîæåíèå óñòàíîâêè äàåò âîçìîæíîñòü ïðîâî-
äèòü ýêñïåðèìåíòû ïðè îäíîâðåìåííîé ðàáîòå âñåõ
äðóãèõ óñòàíîâîê, íàöåëåííûõ íà èññëåäîâàíèÿ ñ âûâå-
äåííûìè ïó÷êàìè óñêîðèòåëüíîãî êîìïëåêñà ËÂÝ. Óêà-
çàííàÿ îñîáåííîñòü ïîçâîëÿåò íå òîëüêî óäåøåâèòü èñ-
ñëåäîâàíèÿ, íî è ïðîâåñòè îðèãèíàëüíûå ýêñïåðèìåí-
òû. Íàïðèìåð, â íàñòîÿùåå âðåìÿ ïðîðàáàòûâàþòñÿ
ïîñòàíîâêè ýêñïåðèìåíòîâ íà ñïåêòðîìåòðå ÌÀÐÓÑß ñ
èñïîëüçîâàíèåì êàíàëîâ è óñòàíîâîê, ðàñïîëîæåííûõ
çà ìèøåííîé ñòàíöèåé. Òàêîå ñî÷åòàíèå îäíîâðåìåí-
íîé ðàáîòû óñòàíîâîê ïîçâîëÿåò èçó÷àòü ïåðå÷èñëåí-
íûå âûøå ðåàêöèè ñ òî÷íûì èçìåðåíèåì ïåðåäàííîãî
èìïóëüñà.
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handling high intensities of the primary beam. This feature
allows one to measure low cross-sections of deep-sub-
threshold processes, obtain statistically grounded values of
polarization characteristics of the reactions of interest, carry
out experiments with beams of secondary particles.

In the first experiments on investigation of proton, pion
and kaon production under nonzero angles with the beams
of polarized deuterons, a complicated dependence of the
vector analyzing power (asymmetry) on the beam energy,
momentum and type of registered particles was observed.
Thus, for example, left-right asymmetries of protons and pi-
ons at nonzero angles have opposite signs.

At present, theoretical models of polarization phenom-
ena in the transition energy range are in the process of for-
mulation of basic hypotheses, and thorough experimental
investigations in this field are highly necessary.

The programme of experimental investigations at the
MARUSYA set-up is formulated on the basis of
step-by-step build-up of detectors and complication of the
methods of particle registration. This means that the first
simple experiments will be continued with more compre-
hensive capabilities (various registration angles between

20° and 90°, wider range of Nuclotron beams). The gained
experience showed that a modest number of the available
detectors is sufficient for carrying out such experiments on
the basis of the new magneto-optical spectrometer
MARUSYA.

The first experiments are the measurement of energy
and A-dependences of kaon and antiproton production, the
investigation of vector analyzing power depending on the
types of registered particles with the beams of polarized
deuterons.

The location of the set-up allows experiments to be car-
ried out in parallel with all other installations working with
the extracted beams of the LHE accelerator complex. This
feature enables one not only to reduce the expenses but also
to design original experiments. For example, the ideas of ex-
periments at the MARUSYA set-up using channels and in-
stallations situated behind its target station are presently
considered. Such a combination of simultaneous operation
of experimental installations makes it possible to investigate
the above-mentioned reactions with precise measurement of
the transmitted momentum.

During the latest runs of the Nuclotron, the investiga-
tions in preparation of the SINGLET experiment and corre-
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Â ïîñëåäíèõ ñåàíñàõ ðàáîòû íóêëîòðîíà ñîâìåñòíî
ñ ñîòðóäíèêàìè ËÔ× ÎÈßÈ, ÈßÈ ÐÀÍ, ÏÈßÔ ÐÀÍ
ïðîâåäåíà èññëåäîâàòåëüñêàÿ ðàáîòà ïî ïîäãîòîâêå ýêñ-
ïåðèìåíòà ÑÈÍÃËÅÒ è êîððåëÿöèîííûõ ýêñïåðèìåí-
òîâ ïî ïðîãðàììå êîëëàáîðàöèè ÌÀÐÓÑß. Ïîëó÷åíû
ñïåêòðû ñîâïàäåíèé äâóõ ïðîòîíîâ â ðåàêöèè
d A p p+ → + + ... â óñëîâèÿõ êèíåìàòèêè óïðóãîãî

pp-ðàññåÿíèÿ ïîä óãëîì 90° â ñèñòåìå öåíòðà ìàññ. Íà
îñíîâå ïîëó÷åííûõ äàííûõ ñäåëàíû ýêñïåðèìåíòàëü-
íûå îöåíêè ñêîðîñòè íàáîðà ñòàòèñòèêè è èçó÷åíû ôî-
íîâûå óñëîâèÿ äëÿ ïëàíèðóåìûõ ýêñïåðèìåíòîâ. Íà-
áðàí çíà÷èòåëüíûé ýêñïåðèìåíòàëüíûé ìàòåðèàë ïðè
íàñòðîéêå ñïåêòðîìåòðè÷åñêèõ ïëå÷ íà ðàçíûå èìïóëü-
ñû äëÿ àíàëèçà êîððåëÿöèé.

Ñëåäóåò îòìåòèòü, ÷òî èìåþùàÿñÿ áèîëîãè÷åñêàÿ
çàùèòà äàåò âîçìîæíîñòü ðàáîòàòü ñ âûñîêèìè èíòåí-
ñèâíîñòÿìè ïó÷êîâ. Ýòî ïîçâîëèò ïðîâîäèòü íà óñòà-
íîâêå ÌÀÐÓÑß ïðèêëàäíûå èññëåäîâàíèÿ. Ýòà âîç-
ìîæíîñòü îñîáåííî ïðèâëåêàòåëüíà äëÿ ìåäèêî-áèîëî-
ãè÷åñêèõ èññëåäîâàíèé è ïðè îáëó÷åíèè òîëñòûõ
ìèøåíåé.

Äàëüíåéøàÿ ðåàëèçàöèÿ è ìîäåðíèçàöèÿ óñòàíîâêè
âî ìíîãîì áóäåò îïðåäåëÿòüñÿ âêëàäîì êîëëàáîðàíòîâ
èç äðóãèõ èíñòèòóòîâ. Ñ ââîäîì â ýêñïëóàòàöèþ óñòà-

íîâêè ÌÀÐÓÑß ñóùåñòâåííî âîçðîñ èíòåðåñ ê ïðîâå-
äåíèþ èññëåäîâàíèé ó÷åíûõ èç ñòðàí-ó÷àñòíèö ÎÈßÈ.
Íàðÿäó ñ ÷ëåíàìè êîëëàáîðàöèè ÌÀÐÓÑß ïðåäëîæå-
íèÿ ïî ó÷àñòèþ â íåé ñôîðìóëèðîâàëè ôèçèêè èç Ðóìû-
íèè, Ãðóçèè, Áîëãàðèè è òàêèõ ðîññèéñêèõ èíñòèòóòîâ,
êàê ÈÒÝÔ, ÌÈÔÈ, ÌÃÓ (Ìîñêâà).

Ïðèÿòíî îòìåòèòü, ÷òî âîçðîñëî ÷èñëî ìîëîäûõ
ó÷åíûõ, ñòðåìÿùèõñÿ ïîäãîòîâèòü äèïëîìíûå ïðîåê-
òû è êàíäèäàòñêèå äèññåðòàöèè íà áàçå óñòàíîâêè
ÌÀÐÓÑß.
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lation experiments according to the programme of the
MARUSYA collaboration have been conducted by the joint
team of researchers from JINR’s LHE and LPP, INR RAS
(Moscow), PINP RAS (Gatchina). The spectra of correla-
tions of two protons in the reaction d A p p+ → + + ... in the

conditions of the kinematics of elastic pp scattering at 90° in
the center-of-mass system were obtained. Experimental
evaluations of the rate of statistics collection were made,
and background conditions of the planned experiments were
analyzed on the basis of the obtained data. A considerable
amount of experimental data was obtained at adjustment of
the spectrometric arms to different momenta for analysis of
correlations.

It should be noted that the existing biological shield
permits handling high-intensity beams. This makes feasible
applied investigations at the MARUSYA set-up. It is espe-
cially attractive for medico-biological research and investi-
gations with thick targets.

Further development and upgrade of the set-up to a
large extent will be determined by the input of collaborators
from other institutions. The interest of scientists from the
JINR member states to experimental investigations using
the MARUSYA set-up increased with putting it into opera-

tion. Along with the present members of the MARUSYA
collaboration, physicists from Romania, Georgia, Bulgaria
and such Russian institutes as ITEP, MEPI, MSU (Moscow)
submitted their proposals for participation in the collabora-
tion.

It is encouraging to note that the number of young
physicists willing to work on their diploma and PhD theses
on the basis of the MARUSYA set-up has recently in-
creased.
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À. Ê. Êàìèíñêèé

Óñòàíîâêà äëÿ èññëåäîâàíèé ýôôåêòà
òåïëîâûõ Â×-ïîâðåæäåíèé â ëèíåéíûõ
êîëëàéäåðàõ

Â ñîîòâåòñòâèè ñ òåìàòè÷åñêèì ïëàíîì ÎÈßÈ
(òåìà 0985, ïðîåêò CLIC) è êîíòðàêòîì ñ ÖÅÐÍ ãðóïïà
ËÑÝ Ëàáîðàòîðèè ôèçèêè ÷àñòèö ðåøàëà ñëåäóþùèå
çàäà÷è:

1) ñîçäàíèå íà îñíîâå ìàçåðà íà ñâîáîäíûõ ýëåêòðî-
íàõ (ÌÑÝ) âûñîêî÷àñòîòíîãî ñòåíäà íà ÷àñòîòå 30 ÃÃö
äëÿ ýêñïåðèìåíòàëüíûõ èññëåäîâàíèé äåãðàäàöèè ïî-
âåðõíîñòè óñêîðÿþùåé ñòðóêòóðû êîëëàéäåðà ïîä äåé-
ñòâèåì ìíîãîêðàòíûõ ìîùíûõ Â×-èìïóëüñîâ,

2) ìîäåðíèçàöèÿ ñóùåñòâóþùåé ñõåìû ÌÑÝ-ãåíå-
ðàòîðà ñ öåëüþ óâåëè÷åíèÿ åãî ýôôåêòèâíîñòè ïðè ñî-
õðàíåíèè óíèêàëüíûõ ÷àñòîòíûõ õàðàêòåðèñòèê.

Ýòè ðàáîòû ïîääåðæèâàëèñü ãðàíòàìè INTAS è
ÐÔÔÈ. Ó ãðóïïû áûëè òåñíûå êîíòàêòû ñ ÈÏÔ ÐÀÍ
(Íèæíèé Íîâãîðîä) è ÈßÏ ÁÃÓ (Ìèíñê, Áåëîðóññèÿ).

Ñóòü ïðîáëåìû, ñôîðìóëèðîâàííîé â ïóíêòå 1, ñî-
ñòîèò â òîì, ÷òîáû ýêñïåðèìåíòàëüíî îöåíèòü îãðàíè-
÷åíèÿ íà ðåñóðñ ýëåêòðîí-ïîçèòðîííîãî êîëëàéäåðà
èç-çà òåïëîâûõ íàãðóçîê, âîçíèêàþùèõ â ýëåìåíòàõ
óñêîðÿþùèõ ñòðóêòóð. Òàê êàê íàãðåâ ñòåíêè óñêîðÿþ-
ùåé ñòðóêòóðû Â×-ïîëåì ïðîèñõîäèò â òå÷åíèå î÷åíü
êîðîòêîãî âðåìåíè, èíåðöèÿ ìàòåðèàëà ïðåïÿòñòâóåò
åãî ðàñøèðåíèþ è â ìåòàëëå âîçíèêàþò òåïëîâûå íà-
ïðÿæåíèÿ. Åñëè ýòè íàïðÿæåíèÿ áîëüøå ïðåäåëà ýëà-
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A. Kaminsky

Test Facility for the Investigation of Heating
RF-Damage Effect in Linear Colliders

According to the JINR thematic plan (theme 0985,
CLIC project) as well as a CERN contract, two major prob-
lems were elaborated by LPP FEL group:

1) creation of FEM-based 30-GHz RF test facility
aimed at experimental investigation of thermal stresses of
collider accelerating structure surface undergoing multiple
powerful RF pulses;

2) modernizing of the existing FEM oscillator scheme
in order to enhance its efficiency, preserving unique fre-
quency parameters.

The work was supported by INTAS and RFBR grants.
The group kept in touch with IAP RAS (Nizhnii Novgorod)
and INP BSU (Minsk, Belarus).

Essentially, the problem stated at point 1 above is the
experimental estimation of the resource limits for electron-

positron collider due to heat loading, which occurs in the
components of accelerating structures. As the heating of the
accelerating structure surface is very short in time, the mate-
rial inertia opposes its expansion, so thermal stresses occur
in the metal. If these stresses exceed the material elastic lim-
it known as yield point, microcrack-like damages appear on
the metal surface after being subjected to multiple pulses. At
frequencies of 30 GHz and higher, the RF-heating-related
limits may became the major limiting factor in colliders
with copper accelerating structures [1]. We know only one
experimental paper presenting the results of investigation of
the accelerating structures damage. The measurements have
been performed at an RF field frequency of 11.4 GHz. For
analogous investigations at a frequency of 30 GHz, a facility
is being established in Dubna (CERN – JINR – IAP RAS
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ñòè÷íîñòè ìàòåðèàëà, èçâåñòíîãî êàê ïðåäåë òåêó÷åñòè,
íà ïîâåðõíîñòè ìàòåðèàëà ïîñëå ìíîãèõ èìïóëüñîâ âîç-
íèêàþò ïîâðåæäåíèÿ â âèäå ìèêðîòðåùèí. Íà ÷àñòîòàõ
30 ÃÃö è âûøå îãðàíè÷åíèÿ, ñâÿçàííûå ñ âûñîêî÷àñòîò-
íûì íàãðåâîì, ìîãóò ñòàòü îñíîâíûì îãðàíè÷èâàþùèì
ôàêòîðîì â êîëëàéäåðàõ ñ ìåäíûìè óñêîðÿþùèìè
ñòðóêòóðàìè [1]. Íàì èçâåñòíà òîëüêî îäíà ýêñïåðèìåí-
òàëüíàÿ ðàáîòà, â êîòîðîé ïðèâåäåíû ðåçóëüòàòû èññëå-
äîâàíèé ïîâðåæäåíèé ýëåìåíòîâ óñêîðÿþùèõ ñòðóê-
òóð. Èçìåðåíèÿ áûëè ñäåëàíû íà ÷àñòîòå Â×-ïîëÿ
11,4 ÃÃö. Äëÿ àíàëîãè÷íûõ èññëåäîâàíèé íà ÷àñòîòå
30 ÃÃö ñîçäàåòñÿ óñòàíîâêà â Äóáíå (êîëëàáîðàöèÿ
ÖÅÐÍ, ÎÈßÈ è ÈÏÔ ÐÀÍ), à òàêæå âåäåòñÿ ïîäãîòîâêà
äëÿ èññëåäîâàíèé íà ÷àñòîòå 34 ÃÃö â Íüþ-Õåéâåíå
(ÑØÀ).

Â ïðîøëîì ãîäó â ËÔ× áûëè çàâåðøåíû èññëåäîâà-
íèÿ ïî âûáîðó è îïòèìèçàöèè ïàðàìåòðîâ èñòî÷íèêà
ÑÂ×-èçëó÷åíèÿ íà ÷àñòîòå 30 ÃÃö — ÌÑÝ ñ âûõîäíîé
ìîùíîñòüþ 20–25 ÌÂò. Âûáðàííàÿ ñõåìà îáåñïå÷èâàåò
ôèêñàöèþ ðàáî÷åé ÷àñòîòû ñ òî÷íîñòüþ îêîëî 0,1%,
øèðèíó ñïåêòðà èçëó÷åíèÿ 0,1–0,15 % è âîçìîæíîñòü
ïðåöèçèîííîé ïåðåñòðîéêè ÷àñòîòû â èíòåðâàëå íå-
ñêîëüêèõ ïðîöåíòîâ. Â òåêóùåì ãîäó áûëè ñïðîåêòèðî-
âàíû è èçãîòîâëåíû èññëåäóåìûé òåñòîâûé ðåçîíàòîð è

ñõåìà òðàíñïîðòèðîâêè èçëó÷åíèÿ îò ÌÑÝ äî ðåçîíàòî-
ðà. Ïðîâåäåííûå «õîëîäíûå» èçìåðåíèÿ ýëåìåíòîâ
ñòåíäà ïîêàçàëè õîðîøåå ñîâïàäåíèå ñ ðàñ÷åòíûìè äàí-
íûìè.

Ïîñëå ýòîãî îáîðóäîâàíèå áûëî ñìîíòèðîâàíî íà
âûõîäå ÌÑÝ-ãåíåðàòîðà ÎÈßÈ–ÈÏÔ ÐÀÍ â Äóáíå è
ïðîâåäåíû ýêñïåðèìåíòû ïî ôèçè÷åñêîìó çàïóñêó ñòåí-
äà. Îñíîâíûìè åãî ýëåìåíòàìè ÿâëÿþòñÿ: óñêîðèòåëü
ýëåêòðîíîâ ËÈÓ-3000 (0,8 ÌýÂ, 200 À, 250 íñ), ÌÑÝ-
ãåíåðàòîð ñ áðýããîâñêèì ðåçîíàòîðîì (20–25 ÌÂò, 150–
200 íñ, 30 ÃÃö), êàíàë ïðåîáðàçîâàíèÿ è òðàíñïîðòèðîâ-
êè Â×-ïó÷êà, òåñòîâûé ðåçîíàòîð è ñèñòåìû äèàãíîñòè-
êè ïó÷êà ïî òðàêòó. Íà ðèñ.1 ïîêàçàí îáùèé âèä ýêñïå-
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collaboration), and R&D for 34-GHz investigation are in
progress in New Haven (USA).

Last year the investigation for RF source choice and op-
timization of its parameters were finished at LPP. The FEM
with output power of 20–25 MW is used. It provides a radia-
tion spectrum width of 0.1–0.15 %, fixing of the operating
frequency with an accuracy of about 0.1 %, and the possibil-
ity of precise frequency tuning in the range of several per-
cent. This year the testing cavity and system of RF deliver
from FEM to the cavity were designed and manufactured.
The performed cold measurements of the facility compo-
nents demonstrated reasonable agreement with results of
calculations.

Then, the equipment was installed at the output of
JINR–IAP FEM oscillator in Dubna, and experiments on
physical start-up of the facility were carried out. The basic
components of the set-up are: electron linac LIU-3000
(0.8 MeV, 200 A, 250 ns), FEM oscillator with Bragg res-
onator (20–25 MW, 150–200 ns, 30 GHz), the RF beam
transforming and transportation channel, testing cavity, and
the beam diagnostic system along the line. Figure 1 presents
the overview of the experimental set-up. The facility
start-up needs measuring of spatial distributions of RF pow-

er at megawatt level in various channel points. For this pur-
pose a unique detector based on dielectric waveguide with
adjustable attenuation was developed and manufactured in
Dubna. Simultaneously, we performed the stage-by-stage
modernization of the power supply system of the facility
and created the automatic system of recording all the experi-
mental parameters. The data obtained during the process of
the facility physical start-up confirm that all its elements op-
erate in regimes close to the designed ones. At the same
time, the measurements indicated the significant power

Ðèñ. 1. Îáùèé âèä ýêñïåðèìåíòàëüíîé óñòàíîâêè äëÿ èññëå-
äîâàíèÿ èìïóëüñíîãî ÑÂ×-íàãðåâà: 1 — âûõîä ÌÑÝ-ãåíåðà-
òîðà; 2 — çåðêàëà; 3 — äåòåêòîð; 4 — âàêóóìíîå îêíî; 5 —
ïðåîáðàçîâàòåëè òèïà âîëíû è òðàíñôîðìàòîðû ìîä; 6 — òå-
ñòîâûé ðåçîíàòîð

Fig. 1. Overview of the set-up for investigating the RF pulse heat-
ing: 1 — FEM oscillator output; 2 — mirrors; 3 — detector; 4 —
vacuum window; 5 — wavetype converters and mode transform-
ers; 6 — testing cavity
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ðèìåíòàëüíîé óñòàíîâêè. Â ïðîöåññå çàïóñêà ñòåíäà
âîçíèêëà íåîáõîäèìîñòü èçìåðåíèé ïðîñòðàíñòâåííûõ
ðàñïðåäåëåíèé ÑÂ×-ìîùíîñòè ìåãàâàòòíîãî óðîâíÿ â
ðàçëè÷íûõ ÷àñòÿõ êàíàëà. Äëÿ ýòîãî â Äóáíå áûë ðàçðà-
áîòàí óíèêàëüíûé äåòåêòîð íà îñíîâå äèýëåêòðè÷åñêî-
ãî âîëíîâîäà ñ ðåãóëèðóåìûì îñëàáëåíèåì. Îäíîâðå-
ìåííî ìû ïðîâîäèëè ïîýòàïíóþ ìîäåðíèçàöèþ ñèñòå-
ìû ïèòàíèÿ ñòåíäà è ñîçäàâàëè àâòîìàòèçèðîâàííóþ
ñèñòåìó ðåãèñòðàöèè âñåõ ïàðàìåòðîâ ýêñïåðèìåíòà.
Ïîëó÷åííûå â ïðîöåññå ôèçè÷åñêîãî çàïóñêà ñòåíäà
äàííûå ñâèäåòåëüñòâóþò î òîì, ÷òî âñå åãî ýëåìåíòû ðà-
áîòàþò â ðåæèìàõ, áëèçêèõ ê ïðîåêòíûì. Â òî æå âðåìÿ
èçìåðåíèÿ ïîêàçàëè íàëè÷èå çíà÷èòåëüíûõ ïîòåðü
ìîùíîñòè (â îñíîâíîì íà âõîäå â ðåçîíàòîð). Â ïîñëå-
äóþùèõ ñåàíñàõ ïðåäïîëàãàåòñÿ ìîäåðíèçàöèÿ îòäåëü-
íûõ ýëåìåíòîâ êàíàëà è íàáîð ñòàòèñòèêè 105–106 èì-
ïóëüñîâ â ðàçëè÷íûõ ðåæèìàõ.

Çíà÷èìûå ðåçóëüòàòû ïî óâåëè÷åíèþ ýôôåêòèâíî-
ñòè ÌÑÝ-ãåíåðàòîðà áûëè ïîëó÷åíû ïðè èññëåäîâàíèè
è ÷èñëåííîì ìîäåëèðîâàíèè äâóõ ìîäèôèêàöèé ñõåì
ÌÑÝ. Â ïåðâîé ìîäèôèêàöèè áûë èññëåäîâàí è îïòè-

ìèçèðîâàí íîâûé ìåõàíèçì âîçáóæäåíèÿ ðåçîíàòîðà,
îáåñïå÷èâàþùåãî îáðàòíóþ ñâÿçü â ãåíåðàòîðå. Äëÿ
ýòîãî áûëè ïðîàíàëèçèðîâàíû ñõåìû áðýããîâñêèõ ðåçî-
íàòîðîâ ñ äâóìÿ (òðåìÿ) ñîáñòâåííûìè ÷àñòîòàìè. Íà
ïåðâîì ýòàïå íà÷àëüíûå óñëîâèÿ áûëè âûáðàíû òàêèìè,
÷òî ãåíåðàòîð çàïóñêàëñÿ íà áîëåå âûñîêîé, ïî ñðàâíå-
íèþ ñ ðàáî÷åé, ÷àñòîòå. Ïðè ýòîì îáåñïå÷èâàëñÿ ðåæèì
êâàçèñòàöèîíàðíîé ãåíåðàöèè ñ óìåðåííîé ýôôåêòèâ-
íîñòüþ. Â ïðîöåññå îòáîðà ýíåðãèè îò ýëåêòðîííîãî
ïó÷êà ñèíõðîíèçì ñ âûñîêî÷àñòîòíîé âîëíîé íàðóøàë-
ñÿ, è â êîíêóðåíòíîé áîðüáå ïîáåæäàëà ìîäà íà ðàáî÷åé
÷àñòîòå. Ïðè îïòèìèçàöèè ïàðàìåòðîâ óñêîðèòåëÿ,
ÌÑÝ è ðåçîíàòîðà áûëè íàéäåíû ðåæèìû ãåíåðàöèè,
ïðè êîòîðûõ ýôôåêòèâíîñòü ÌÑÝ íà ðàáî÷åé ÷àñòîòå
óâåëè÷èâàëàñü ïî ñðàâíåíèþ ñ òðàäèöèîííîé ñõåìîé íà
20–50 %.

Áûëà ïðîàíàëèçèðîâàíà òàêæå äðóãàÿ ñõåìà ÌÑÝ, â
êîòîðîé äëÿ óâåëè÷åíèÿ ýôôåêòèâíîñòè ãåíåðàòîðà
áðýããîâñêèå çåðêàëà ñ îäíîðîäíûì ðàñïðåäåëåíèåì
ïîëÿ áûëè çàìåíåíû çåðêàëàìè ñ ïðîôèëèðîâàíèåì
ïîëÿ ïî äëèíå ðåçîíàòîðà. ×èñëåííûì ìîäåëèðîâàíèåì
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losses — mainly at the entrance of the testing cavity. In fu-
ture experimental runs we plan the modernization of some
channel components and storing of 10 105 6− pulses statis-
tics in various regimes.

Significant results on the enhancement of FEM oscilla-
tor efficiency were obtained in investigation of two modi-
fied FEM schemes by numerical simulation. In the first
scheme a new mechanism of resonator excitation providing
the feedback in the oscillator was investigated and opti-
mized. For this purpose the Bragg resonator schemes with

two (three) eigenfrequences were analyzed. On the first
stage the initial conditions were chosen so that the oscillator
started at a frequency higher than the operating one. Here a
quasi-stationary regime with moderate efficiency was pro-
vided. In the process of energy extraction from the electron
beam, the synchronism with higher frequency wave got bro-
ken and the operating-frequency mode survived in the com-
petition. Optimizing the linac parameters, we found the gen-
eration regimes with FEM efficiency at an operating fre-
quency higher by 20–50 % with respect to the traditional

Ðèñ. 2. Çàâèñèìîñòè ýôôåêòèâíîñòè ÌÑÝ-ãåíåðàòîðà
η îò âðåìåíè τ (â áåçðàçìåðíûõ åäèíèöàõ) è ïðî-
ñòðàíñòâåííûå ðàñïðåäåëåíèÿ Â×-ïîëÿ âäîëü ðåçîíà-
òîðîâ äëÿ òðàäèöèîííîãî áðýããîâñêîãî ðåçîíàòîðà
(ââåðõó) è ïðîôèëèðîâàííîãî ðåçîíàòîðà (âíèçó)

Fig. 2. Dependences of the FEM oscillator efficiency η on
time τ (in dimensionless units) and spatial distributions of
the RF field along the resonators for traditional Bragg res-
onator (top) and profiled one (bottom)
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áûëà íàéäåíà êîíôèãóðàöèÿ ðåçîíàòîðà, ïðè êîòîðîé
îáåñïå÷èâàëîñü ïëàâíîå íàðàñòàíèå Â×-ïîëÿ â ïåðâîé
÷àñòè è ãëóáîêîå òîðìîæåíèå ýëåêòðîííîãî ñãóñòêà âî
âòîðîé, êîðîòêîé ÷àñòè ðåçîíàòîðà. Íà ðèñ. 2 ïîêàçàíû
ñîîòâåòñòâåííî ðàñïðåäåëåíèÿ Â×-ïîëÿ âäîëü ðåçîíàòî-
ðà è çàâèñèìîñòü ýôôåêòèâíîñòè ÌÑÝ-ãåíåðàòîðà îò
áåçðàçìåðíîãî âðåìåíè äëÿ òðàäèöèîííîé ñõåìû ðåçî-
íàòîðà è ðåçîíàòîðà ñ ïðîôèëèðîâàíèåì ïîëÿ. Âèäíî,
÷òî íîâàÿ ñõåìà ðåçîíàòîðà ìîæåò îáåñïå÷èòü óâåëè÷å-
íèå ýôôåêòèâíîñòè ãåíåðàòîðà íà 50 %. Ïðè ýòîì âðåìÿ
âûõîäà íà ñòàöèîíàðíûé ðåæèì ãåíåðàöèè ìåíÿåòñÿ íå-
çíà÷èòåëüíî, ò. å. ñîõðàíÿåòñÿ âîçìîæíîñòü ïîëó÷åíèÿ
áîëüøèõ äëèòåëüíîñòåé ÑÂ×-èìïóëüñîâ.

Ïîëó÷åííûå ðåçóëüòàòû áûëè äîëîæåíû íà VIII Åâ-
ðîïåéñêîé êîíôåðåíöèè ïî óñêîðèòåëÿì «EPAC’2002»
(Ïàðèæ, èþíü 2002 ã.) è íà 5-ì ìåæäóíàðîäíîì ðàáî÷åì
ñîâåùàíèè «Ñèëüíûå ìèêðîâîëíû â ïëàçìå» (Í. Íîâãî-
ðîä, àâãóñò 2002 ã.).

1. David P. et al. SLAC-Pub-8013, 1988.

ÏÐÅÄÑÒÀÂÈÒÅËÜÍÀß äåëåãàöèÿ äèðåêöèè Îáú-
åäèíåííîãî èíñòèòóòà ÿäåðíûõ èññëåäîâàíèé â ñîñòàâå
äèðåêòîðà Èíñòèòóòà Â. Ã. Êàäûøåâñêîãî, âèöå-äèðåê-
òîðà Ö. Ä. Âûëîâà, äèðåêòîðà Ëàáîðàòîðèè íåéòðîííîé
ôèçèêè À. Â. Áåëóøêèíà è ïîìîùíèêà äèðåêòîðà
ÎÈßÈ Ï. Í. Áîãîëþáîâà ïîñåòèëà íàó÷íûå öåíòðû
Ôðàíöèè. Öåëüþ âèçèòà áûëî ó÷àñòèå â ïðåçåíòàöèè
ýêñïåðèìåíòàëüíîãî êîìïëåêñà NEMO-3 â Ìîäàíñêîé
ïîäçåìíîé ëàáîðàòîðèè (LSM), à òàêæå ïîñåùåíèå äâóõ
ìåæäóíàðîäíûõ íàó÷íûõ öåíòðîâ â Ãðåíîáëå — Èíñòè-
òóòà Ëàóý–Ëàíæåâåíà (ILL) è Åâðîïåéñêîãî öåíòðà ñèí-
õðîòðîííûõ èññëåäîâàíèé (ESRF).

Ïðåçåíòàöèÿ óñòàíîâêè NEMO-3 ñîñòîÿëàñü
12 èþëÿ. Ðàíåå, â àïðåëå, áûë ïðîèçâåäåí åå ôèçè÷åñêèé
çàïóñê. Òðåêîâûé äåòåêòîð NEMO-3 ñîçäàí â ðàìêàõ ìå-
æäóíàðîäíîé êîîïåðàöèè Ôðàíöèÿ–ÎÈßÈ–Ðîññèÿ–
ÑØÀ–Óêðàèíà–×åõèÿ–Ôèíëÿíäèÿ. Íà ïðåçåíòàöèè
ïðèñóòñòâîâàëè äèðåêòîðà âñåõ âåäóùèõ èíñòèòóòîâ
Ôðàíöèè, à òàêæå äåëåãàöèè èç ßïîíèè, ÑØÀ, Èòàëèè,
×åõèè è äð.

Äåëåãàöèÿ Îáúåäèíåííîãî èíñòèòóòà ïîñåòèëà Èí-
ñòèòóò Ëàóý–Ëàíæåâåíà, êîòîðûé ñåãîäíÿ ÿâëÿåòñÿ ñà-
ìûì ïåðåäîâûì ìåæäóíàðîäíûì öåíòðîì íåéòðîííûõ
èññëåäîâàíèé â ìèðå, è ñèíõðîòðîííûé öåíòð â Ãðå-
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scheme. The obtained results have been reported at the
EPAC’2002 Conference (Paris, June 2002) and at the V In-
ternational Workshop «Strong Microvawes in Plasmas»
(Nizhnii Novgorod, August 2002). Also we analyzed anoth-
er FEM scheme, where in order to enhance the oscillator ef-
ficiency the Bragg reflectors with uniform field distribu-
tions were replaced by reflectors with field profiled along
the resonator length. By numerical simulation we searched
out the resonator configuration providing smooth growth of
the RF field in the first section and deep damping of an elec-
tron bunch in the second (short) section of the resonator.
Figure 2 shows the time dependences of the FEM oscillator
efficiency and spatial distributions of the RF field along the
resonators for both the traditional resonator scheme and the
profiled one. It is seen that the new resonator scheme is ca-
pable of providing enhancement of the oscillator efficiency
by 50 %. On the other hand, the change in the building-up
generation time is not significant, i. e., the possibility of get-
ting long RF pulses is preserved. The obtained results may
be sufficient particularly for extension of the temperature
range for test cavities in the problem stated at point 1 above.

1. David P. et al. SLAC-Pub-8013, 1988.

A REPRESENTATIVE delegation of the Joint Institute
for Nuclear Research, including JINR Director V. Kady-
shevsky, JINR Vice-Director Ts. Vylov, Director of the
Frank Laboratory of Neutron Physics A. Belushkin and
JINR Assistant Director P. Bogolyubov, visited scientific
centres in France. The aim of the visit was to participate in
the presentation of the experimental NEMO-3 set-up in the
Modane underground laboratory (LMS) and to see two in-
ternational scientific centres in Grenoble — the Laue-Paul
Langevin Institute (ILL) and the European Centre of Syn-
chrotron Research (ESRF).

The presentation of NEMO-3 was held on 12 July 2002.
In April the physical star of the set-up was committed. The
NEMO-3 track detector is developed in the framework of
the international cooperation of France–JINR–Rus-
sia–USA–Ukraine–Czechia–Finland. Directors of all lead-
ing French institutes and delegations from Japan, the USA,
Italy, Czechia and other countries attended the presentation.

The JINR delegation visited the Laue-Paul Langevin
Institute, which is today the most advanced international
centre of neutron research in the world, and the synchrotron
centre in Grenoble, where the brightest source of the syn-
chrotron radiation is used.



íîáëå, ãäå ðàáîòàåò ñàìûé ÿðêèé èñòî÷íèê ñèíõðîòðîí-
íîãî èçëó÷åíèÿ â ìèðå.

Çà êîðîòêèé ïåðèîä ðóêîâîäèòåëÿì Èíñòèòóòà óäà-
ëîñü îçíàêîìèòüñÿ ñ ðàáîòîé âåäóùèõ ìåæäóíàðîäíûõ
öåíòðîâ â îáëàñòè òðåõ íàó÷íûõ íàïðàâëåíèé, ðàçâèâàå-
ìûõ â ÎÈßÈ: íåóñêîðèòåëüíàÿ ôèçèêà, íåéòðîííàÿ
ÿäåðíàÿ ôèçèêà, ôèçèêà êîíäåíñèðîâàííûõ ñðåä. Â áå-
ñåäàõ ñ ðóêîâîäèòåëÿìè öåíòðîâ è â ïóáëè÷íûõ âûñòó-
ïëåíèÿõ âåäóùèõ ñïåöèàëèñòîâ îòìå÷àëñÿ áîëüøîé
âêëàä ôèçèêîâ ÎÈßÈ â ðåàëèçàöèþ ñîâìåñòíûõ ïðîåê-
òîâ, èõ âûñîêèé ïðîôåññèîíàëèçì. Íåîäíîêðàòíî ïîä-
÷åðêèâàëàñü íåîáõîäèìîñòü äàëüíåéøåãî ðàçâèòèÿ íà-
ó÷íîãî ñîòðóäíè÷åñòâà è ïîèñêà íîâûõ ôîðì äëÿ óâåëè-
÷åíèÿ åãî ýôôåêòèâíîñòè.

�

Â äèðåêöèþ ÎÈßÈ ïðèøëî ïèñüìî îò ïîëíîìî÷íî-
ãî ïðåäñòàâèòåëÿ ïðàâèòåëüñòâà ÊÍÄÐ, ïðåçèäåíòà
Ãëàâíîãî óïðàâëåíèÿ ïî àòîìíîé ýíåðãèè Ëè ×åí Ñîíà,
êîòîðûé ñîîáùèë î ïëàíàõ íàïðàâëåíèÿ â Èíñòèòóò
òðåõ êîðåéñêèõ ñîòðóäíèêîâ â ñîîòâåòñòâèè ñ ðåçóëüòà-
òàìè îáñóæäåíèé íà âñòðå÷å â Äóáíå â ìàðòå 2002 ã.
Ïîëíîìî÷íûé ïðåäñòàâèòåëü ÊÍÄÐ âûðàçèë óâåðåí-
íîñòü â òîì, ÷òî ýòî àêòèâèçèðóåò òðàäèöèîííîå íàó÷-
íî-òåõíè÷åñêîå ñîòðóäíè÷åñòâî ìåæäó åãî ñòðàíîé è
ÎÈßÈ.

�

8 àâãóñòà ÎÈßÈ ïîñåòèë äèðåêòîð îòäåëà íàóêè è
òåõíîëîãèé ïðåäñòàâèòåëüñòâà â Ìîñêâå Ñîâìåñòíîé
ðîññèéñêî-òàéâàíüñêîé êîìèññèè äîêòîð Õ. Õóàíã (Òàé-

âàíü). Âèçèò â Èíñòèòóò ñîñòîÿëñÿ ïî
ïðîñüáå äîêòîðà Õ. Õóàíãà. Îí áûë
ïðèíÿò âèöå-äèðåêòîðîì ÎÈßÈ ïðî-
ôåññîðîì À. Í. Ñèñàêÿíîì. Ãîñòü ïîñå-
òèë ËÂÝ è ËßÏ. Â áåñåäàõ ó÷àñòâîâàëè
òàêæå ïîìîùíèê äèðåêòîðà ÎÈßÈ
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During the short visit, the Institute leaders managed to
become acquainted with the activities of the leading interna-
tional centres in the fields of three scientific directions de-
veloped at JINR, i. e., nonacceleration physics, neutron nu-
clear physics and condensed matter physics. A major contri-
bution made by JINR to the realization of joint projects and
high professional level of research were pointed out in talks
with the centre leaders and in public presentations of leading
researchers. The necessity to further develop scientific co-
operation and search for new ways of increasing its efficien-
cy was stressed.

�

A letter from the Plenipotentiary of
KPDR and the President of the Chief Ad-
ministration on Atomic Energy, Li Chen
Son, came to JINR, where he informed the
Directorate about the plans to send three
Korean specialists to JINR in accordance
with the results of a discussion held in

Dubna in March this year. The KPDR Plenipotentiary ex-
pressed his confidence that it would promote the traditional
scientific and technical cooperation between his country and
JINR.

�

On 8 August, Director of the Department of Science
and Technology of the Moscow Representatives of the Joint
Russian–Taiwanese Board Dr H. Huang (Taiwan) visited
JINR. The visit was held on his request. Dr H. Huang was
received by JINR Vice-Director Professor A. Sissakian. The
guest visited VBLHE and DLNP. JINR Assistant Director

Ìîäàíñêàÿ ïîäçåìíàÿ ëàáîðàòîðèÿ
(Ôðàíöèÿ). Ãðóïïà ó÷àñòíèêîâ
ýêñïåðèìåíòîâ íà óñòàíîâêå NEMO-3

Modane underground laboratory (France).
A group of researchers at NEMO-3
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Ï. Í. Áîãîëþáîâ, çàìåñòèòåëü äèðåêòîðà ËÂÝ À. Ä. Êî-
âàëåíêî, çàìåñòèòåëü äèðåêòîðà ËßÏ À. Ñ. Êóðèëèí, ñå-
êðåòàðü ïðåäñòàâèòåëüñòâà ãîñïîæà È. Èâàíîâà. Îáñó-
æäåíû âîïðîñû ñîòðóäíè÷åñòâà.

�

Â Ìîñêâå âî Âñåðîññèéñêîì ÍÈÈ àâòîìàòèêè Ìèí-
àòîìà ÐÔ ñîñòîÿëàñü âñòðå÷à äèðåêòîðà Þ. Í. Áîðìàêî-
âà ñ âèöå-äèðåêòîðîì ÎÈßÈ À. Í. Ñèñàêÿíîì, îáñó-
æäàëèñü âîïðîñû íàó÷íî-òåõíè÷åñêîãî ñîòðóäíè÷åñòâà.
Â áåñåäå ó÷àñòâîâàëè çàìåñòèòåëü äèðåêòîðà ËÔ×
Ì. Ã. Ñàïîæíèêîâ, äîêòîð ôèçèêî-ìàòåìàòè÷åñêèõ íàóê
Â. Ì. Áûñòðèöêèé, íà÷àëüíèê îòäåëà ÂÍÈÈÀ Å. Í. Áî-
ãîëþáîâ è äð.

�

4 ñåíòÿáðÿ â Ìèíïðîìíàóêè ïîä ïðåäñåäàòåëüñòâîì
ïåðâîãî çàìåñòèòåëÿ ìèíèñòðà àêàäåìèêà Ì. Ï. Êèð-
ïè÷íèêîâà ñîñòîÿëîñü ñîâåùàíèå ïî âîïðîñó ïîääåðæ-
êè ïðîåêòà «Ñèíòåç 118-ãî ýëåìåíòà». Â íåì ïðèíÿëè
ó÷àñòèå îò ÎÈßÈ — âèöå-äèðåêòîð ïðîôåññîð
À. Í. Ñèñàêÿí, äèðåêòîð ËßÐ ïðîôåññîð Ì. Ã. Èòêèñ, îò
Ìèíïðîìíàóêè — ðóêîâîäèòåëü äåïàðòàìåíòà

À. Ô. Ùåðáàê, çàìåñòèòåëü íà÷àëüíèêà îòäåëà
Â. Ã. Äðîæåíêî, îò Ìèíàòîìà — ðóêîâîäèòåëü îòäåëà
Þ. Ï. Îðëîâ.

Äîñòèãíóòû êîíêðåòíûå äîãîâîðåííîñòè ïî îôîð-
ìëåíèþ êîëëàáîðàöèè ñ ó÷àñòèåì ÎÈßÈ, ÍÈÈÀÐ (Äè-
ìèòðîâãðàä), ÍÈÈÝÔ (Ñàðîâ) è âîçìîæíûõ çàðóáåæ-
íûõ íàó÷íûõ öåíòðîâ.

�

C 4 ïî 10 ñåíòÿáðÿ äèðåêòîð ÎÈßÈ Â. Ã. Êàäûøåâ-
ñêèé, äèðåêòîð ËÍÔ À. Â. Áåëóøêèí è çàìåñòèòåëü äè-
ðåêòîðà ËßÐ Ñ. Í. Äìèòðèåâ íàõîäèëèñü â Êèòàéñêîé
Íàðîäíîé Ðåñïóáëèêå.

Äåëåãàöèÿ Îáúåäèíåííîãî èíñòèòóòà áûëà ïðèãëà-
øåíà íà åæåãîäíóþ êîíôåðåíöèþ Âñåêèòàéñêîé ôåäå-
ðàöèè íàóêè è òåõíèêè. Êîíôåðåíöèÿ ïðîõîäèëà 5–8
ñåíòÿáðÿ â ãîðîäå ×åíäó, â íåé ïðèíÿëè ó÷àñòèå áîëåå
4500 ÷åëîâåê, ïðåäñòàâëÿþùèõ îðãàíèçàöèè ðàçëè÷íûõ
ìèíèñòåðñòâ Êèòàÿ. 7 ñåíòÿáðÿ íà ïëåíàðíîì çàñåäàíèè
àêàäåìèê Â. Ã. Êàäûøåâñêèé ñäåëàë äîêëàä «ÎÈßÈ îò-
êðûò äëÿ ñîòðóäíè÷åñòâà». Ñïåöèàëüíî íà ýòó ÷àñòü
ïëåíàðíîãî çàñåäàíèÿ áûëî ïðèãëàøåíî îêîëî òûñÿ÷è
ìîëîäûõ ó÷åíûõ. Â õîäå êîíôåðåíöèè ñîñòîÿëèñü îá-
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P. Bogolyubov, VBLHE Deputy Director A. Kovalenko,
DLNP Deputy Director A. Kurilin, Representatives’ Secre-
tary I. Ivanova took part in the discussions. Aspects of coop-
eration were discussed.

�

A meeting between the Director of the All-Russian Sci-
entific Research Institute of Automatics (ARSRIA) of the
Ministry of Atomic Energy and the JINR Vice-Director was
held in Moscow. Aspects of scientific and technical cooper-
ation were discussed. In the talks, LPP Deputy Director
M. Sapozhnikov, Doctor of Physics and Mathematics
V. Bystritsky, Chief of an ARSRIA department E. Bogoli-
ubov and other scientists took part.

�

On 4 September, a meeting on the support of the project
«Synthesis of Element 118» under the chairmanship of First
Deputy Minister Academician M. Kirpichnikov was held at
the Ministry of Industry, Science and Technology. JINR was
represented by Vice-Director Professor A. Sissakian, FLNR

Director Professor M. Itkis and the Ministry was represent-
ed by Chief of department A. Shcherbak, Deputy Chief of
department V. Drozhenko. Chief of department Yu. Popov
represented the Ministry of Atomic Energy.

Concrete agreements were reached on the collaboration
among JINR, SRIAR (Dimitrovgrad), SRIEP (Sarov) and
possible foreign scientific centres.

�

On 4–10 September, JINR Director V. Kadyshevsky,
FLNP Director A. Belushkin and FLNR Deputy Director
S. Dmitriev visited China.

The JINR delegation was invited to an annual confer-
ence of the All-Chinese Federation of Science and Technol-
ogy, which was held in Chendu on 5–8 September. The con-
ference was attended by more than 4500 scientists, who rep-
resented organizations from different ministries of China.
On 7 September, Academician V. Kadyshevsky made a re-
port «JINR is Open to Cooperation» at the plenary meeting.
About a thousand young scientists were specially invited to
this part of the meeting. Detailed discussions with outstand-
ing Chinese scientists on the problems of the development
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ñòîÿòåëüíûå áåñåäû ñ âèäíûìè êèòàéñêèìè ó÷åíûìè,
ïîñâÿùåííûå ïðîáëåìàì ðàçâèòèÿ âçàèìîâûãîäíîãî ñî-
òðóäíè÷åñòâà è âîññòàíîâëåíèþ ïðåæíèõ ñâÿçåé.

Ïðåäñòàâèòåëè ÎÈßÈ ïîñåòèëè Èíñòèòóò ÿäåðíîé
ôèçèêè è õèìèè êèòàéñêîé Àêàäåìèè íàóê, ðàñïîëîæåí-
íûé â ãîðîäå Ìåíüÿí. 5 ñåíòÿáðÿ ñîñòîÿëàñü áåñåäà äè-
ðåêòîðà ËÍÔ À. Â. Áåëóøêèíà ñ ãåíåðàëüíûì äèðåêòî-
ðîì èíñòèòóòà ïðîôåññîðîì Ëèó Õàíãàíîì, âèöå-äè-
ðåêòîðîì èíñòèòóòà è ñîòðóäíèêàìè ëàáîðàòîðèè
íåéòðîííûõ èññëåäîâàíèé. Ñ öåëüþ ðàçâèòèÿ ñîòðóäíè-
÷åñòâà èíñòèòóòà ñ ÎÈßÈ áûë çàêëþ÷åí ìåìîðàíäóì,
êîíêðåòèçèðóþùèé íàïðàâëåíèÿ ñîâìåñòíîé äåÿòåëü-
íîñòè. Ïðåäñòàâèòåëè ÎÈßÈ ñäåëàëè ðÿä ñîîáùåíèé
äëÿ ñîòðóäíèêîâ èíñòèòóòà î íàó÷íîé ïðîãðàììå Îáú-
åäèíåííîãî èíñòèòóòà ÿäåðíûõ èññëåäîâàíèé.

Â Ïåêèíå, â Èíñòèòóòå ôèçèêè âûñîêèõ ýíåðãèé ÀÍ
Êèòàÿ, êóäà áûëè ïðèãëàøåíû ó÷åíûå ÎÈßÈ, ñîñòîÿ-
ëàñü âñòðå÷à ñ äèðåêòîðîì èíñòèòóòà àêàäåìèêîì Õå-
øåí ×åíåì è áûâøèì äèðåêòîðîì ýòîãî èíñòèòóòà, ïðå-
çèäåíòîì Êèòàéñêîãî óñêîðèòåëüíîãî îáùåñòâà àêàäå-
ìèêîì Ôàí Øîóñÿíåì. Â õîäå âñòðå÷è îáñóæäàëèñü
ïåðñïåêòèâû îòíîøåíèé ÎÈßÈ è ÈÔÂÝ, â òîì ÷èñëå
âîïðîñ âîçâðàùåíèÿ Êèòàÿ â ÎÈßÈ.

Ñîñòîÿëàñü âñòðå÷à äåëåãàöèè ÎÈßÈ ñ ìèíèñòðîì
íàóêè è òåõíèêè ÊÍÐ Ñþé Ãóàíüõóà, êîòîðûé âûñêàçàë
ìíåíèå, ÷òî èìåþòñÿ áîëüøèå ïåðñïåêòèâû âîçîáíî-
âëåíèÿ è ðàçâèòèÿ ïðåæíèõ ñâÿçåé.

Äåëåãàöèþ ÎÈßÈ ïðèíÿë ïîñîë Ðîññèè â Êèòàå
È. À. Ðîãà÷åâ, îòìåòèâøèé, ÷òî âîññòàíîâëåíèå ÷ëåí-
ñòâà ÊÍÐ â ÎÈßÈ — ýòî âåëåíèå âðåìåíè, ñîîòâåòñòâó-
þùåå äóõó ñîãëàøåíèÿ, ïîäïèñàííîãî ïðåçèäåíòàìè
Ðîññèè è Êèòàÿ â ïðîøëîì ãîäó.

�

Ïî ïðèãëàøåíèþ äèðåêòîðà ÎÈßÈ àêàäåìèêà
Â. Ã. Êàäûøåâñêîãî â Äóáíå 5–6 ñåíòÿáðÿ íàõîäèëèñü
ãîñòè èç ïîëüñêîãî ãîðîäà Íîâî-Ñîíæ — ðåêòîð ãîñó-
äàðñòâåííîé Âûñøåé øêîëû ïðîôåññèîíàëüíîãî îáðà-
çîâàíèÿ ïðîôåññîð À. Áàëàíäà, ðàíåå ðàáîòàâøèé â
ÎÈßÈ, âèöå-ìýð ãîðîäà Ï. Ïàâíèê è çàìåñòèòåëü ðåêòî-
ðà Ç. Çàöëîíà. Ãîñòåé ïðèíÿë âèöå-äèðåêòîð ÎÈßÈ ïðî-
ôåññîð Ö. Âûëîâ è ïåðâûé çàìåñòèòåëü ìýðà Äóáíû
Ñ. Ô. Äçþáà.

Ïîëüñêàÿ äåëåãàöèÿ ïîñåòèëà Ëàáîðàòîðèþ âûñî-
êèõ ýíåðãèé, ãäå îçíàêîìèëàñü ñ ðàáîòàìè êîëëåêòèâà
ïîä ðóêîâîäñòâîì ïðîôåññîðà Þ. Â. Çàíåâñêîãî ïî ïðî-
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of the mutually beneficial cooperation and restoration of
former ties were held.

The JINR representatives visited the Institute of Nu-
clear Physics and Chemistry of the Chinese Academy of
Sciences in Menyang. On 5 September, FLNP Director
A. Belushkin had a talk with the Institute Director-General
Professor Liu Hangang, the Institute Vice-Director and staff
members of the Laboratory of Neutron Research. A Memo-
randum was concluded to develop the cooperation between
the Institute and JINR, where directions of joint activities
were pointed out. The guests from JINR made a number of
reports for the Institute staff members about the JINR scien-
tific programme.

The scientists of JINR were invited to the Institute of
High Energy Physics in Peking, where they had a meeting
with the Institute Director Academician Heshen Chen and
former Institute Director, President of the Chinese Ac-
celerator Society Academician Phan Shousyan. Prospects of
JINR–IHEP relations were discussed, including the ques-
tion of the return of China to JINR.

The JINR delegation met with the Minister of Science
and Technology of China, Sui Guanghua, who expressed his
opinion about good prospects of restoring and developing

former ties. Ambassador of Russia to China I. Rogachev
also received the guests and marked that the restoration of
the Chinese membership at JINR is dictated by time and cor-
responds to the spirit of the Agreement signed by the Presi-
dents of Russia and China last year.

�

At the invitation of JINR Director Academician
V. Kadyshevsky, guests from Novy-Sazc (Poland) visited
JINR. They were Rector of the State Higher School of Pro-
fessional Education Professor A. Balanda, who once
worked at JINR, Vice-Mayor of Novy-Sazc P. Pawnik and
Deputy Rector Z. Zaclona. The guests were received by
JINR Vice-Director Professor Ts. Vylov and First Deputy
Mayor of Dubna S. Dzyuba.

The Polish delegation visited the Veksler and Baldin
Laboratory of High Energies, where they were acquainted
with the activities of the group headed by Professor
Yu. Zanevsky on the HADES project. Professor A. Balanda
also takes part in this project in the group from Cracow Uni-
versity. The guests visited the Flerov Laboratory of Nuclear
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åêòó HADES, â êîòîðîì ïðîôåññîð À. Áàëàí-
äà òàêæå ïðèíèìàåò ó÷àñòèå â ñîñòàâå ãðóï-
ïû èç Êðàêîâñêîãî óíèâåðñèòåòà. Â Ëàáîðà-
òîðèè ÿäåðíûõ ðåàêöèé ãîñòè îçíàêîìèëèñü
ñ íàó÷íîé ïðîãðàììîé è óñòàíîâêàìè ëàáî-
ðàòîðèè.

�

16–17 ñåíòÿáðÿ â Ìîñêâå ñîñòîÿëñÿ Ìå-
æäóíàðîäíûé ðîññèéñêî-àìåðèêàíñêèé ñå-
ìèíàð, ïîñâÿùåííûé âîïðîñàì ñîâìåñòíûõ
îáðàçîâàòåëüíûõ ïðîãðàìì. Îí áûë îðãàíè-
çîâàí Àìåðèêàíñêèì óíèâåðñèòåòîì â Ìî-
ñêâå è Ðóññêèì äîìîì (Âàøèíãòîí). Íà ñå-
ìèíàðå âûñòóïèëè ïðåçèäåíò óíèâåðñèòåòà
Ý. Ëîçàíñêèé, äèðåêòîðà èíñòèòóòîâ àêàäå-
ìèêè Þ. Îñèïüÿí, Ã. Îñèïîâ, À. ×óáàðüÿí,
Í. Ñèìîíèÿ, Î. Êðîõèí, âèöå-äèðåêòîð
ÎÈßÈ ïðîôåññîð À. Ñèñàêÿí è äð. Â íåì
ïðèíÿëè ó÷àñòèå ðóêîâîäèòåëè àìåðèêàí-
ñêèõ è ðîññèéñêèõ èíñòèòóòîâ è óíèâåðñèòå-
òîâ. Îáñóæäåíà ïðîãðàììà ñîâìåñòíîé
àñïèðàíòóðû ïî ðàçëè÷íûì íàïðàâëåíèÿì
íàóê.

ÎÈßÈ–ÖÅÐÍ: ñîòðóäíè÷åñòâî ðàçâèâàåòñÿ

3 èþëÿ â Æåíåâå, â Åâðîïåéñêîé îðãàíèçàöèè ÿäåðíûõ èññëå-
äîâàíèé (ÖÅÐÍ) ñîñòîÿëàñü âåñüìà íåîáû÷íàÿ òîðæåñòâåííàÿ öå-
ðåìîíèÿ — «Ïðåçåíòàöèÿ ìîäóëÿ ¹ 65».

Ïîÿâëåíèå â ÖÅÐÍ ýòîãî 20-òîííîãî 6-ìåòðîâîãî «ãåðîÿ» îçíà-
ìåíîâàëî óñïåøíîå âûïîëíåíèå Îáúåäèíåííûì èíñòèòóòîì ÿäåð-
íûõ èññëåäîâàíèé (Äóáíà) âàæíîãî ìåæäóíàðîäíîãî îáÿçàòåëüñòâà
ïî ñîîðóæåíèþ 65 ïîäîáíûõ ìîäóëåé äëÿ êàëîðèìåòðà íîâîé ôè-
çè÷åñêîé óñòàíîâêè ATLAS.

ATLAS ñîçäàåòñÿ ó÷åíûìè Åâðîïû, Àìåðèêè è Àçèè äëÿ ïîèñ-
êà è èññëåäîâàíèé íîâûõ ÷àñòèö è ÿâëåíèé, êîòîðûå ôèçèêè íàäå-
þòñÿ çàðåãèñòðèðîâàòü â ñîóäàðåíèÿõ ïðîòîíîâ ñ ïðîòîíàìè ïðè
ñâåðõâûñîêèõ ýíåðãèÿõ, ïðèáëèæàþùèõñÿ ê ýíåðãèè êîñìè÷åñêèõ
ëó÷åé. Ýòè ýíåðãèè áóäóò äîñòèãíóòû íà íîâîì óñêîðèòåëå ÷à-
ñòèö — áîëüøîì àäðîííîì êîëëàéäåðå (LHC), ñîîðóæàåìîì ñåé-
÷àñ â ÖÅÐÍ.

Êàëîðèìåòð — îäíà èç ñàìûõ ãëàâíûõ ÷àñòåé óñòàíîâêè
ATLAS. Íîâûå ÷àñòèöû, ðîæäåííûå â ïðîòîí-ïðîòîííûõ ñòîëêíî-
âåíèÿõ, «ïîãèáàþò» â âåùåñòâå êàëîðèìåòðà, âûäåëÿÿ âñþ ýíåð-
ãèþ â âèäå âñïûøåê ñâåòîâîãî èçëó÷åíèÿ. Ïî èõ èíòåíñèâíîñòè
ôèçèêè íå òîëüêî îïðåäåëÿþò ýíåðãèþ ÷àñòèö, íî è ïîä÷àñ ñóäÿò î
òèïå (ôîòîíû, ýëåêòðîíû, ïðîòîíû è ò. ä.).
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Reactions and acquainted themselves with the
scientific programmes and facilities of the Lab-
oratory.

�

On 16–17 September an International
Russian–American Seminar dedicated to the
questions of the joint educational programmes
was held in Moscow. It was organized by the
American University in Moscow and the
Russian House (Washington, DC). University
President E. Lozansky, Directors of institutes
Academicians Yu. Osipian, G. Osipov,
A. Chubarian, N. Simonia, O. Krokhin, JINR
Vice-Director Professor A. Sissakian and other
leaders spoke at the seminar. The heads of
American and Russian institutes and universi-
ties took part in it. A programme of the joint
postgraduate courses in different fields of sci-
ence was discussed.

JINR–CERN: Cooperation is in Progress

On 3 July in Geneva at the European Centre of Nuclear Research
(CERN), an unusual ceremony took place — «The Presentation of Mod-
ule 65».

The arrival at CERN of this 20-ton, 6-metre «hero» marked the suc-
cessful accomplishment by the Joint Institute for Nuclear Research
(Dubna) of an important international task to construct 65 modules for
the calorimeter of the new facility ATLAS.

ATLAS is being developed by scientists from Europe, America and
Asia for the search and study of new particles and phenomena, which
can be registered by scientists in proton-proton collisions at superhigh
energies, close almost to those of space rays. These energies will be
attained at the new accelerator of particles — Large Hadron Collider
(LHC), which is under construction at CERN now.

The calorimeter is one of the main parts of ATLAS. New particles
produced in proton-proton collisions «die» in the matter of the calorime-
ter and yield all the energy in light flashes. Physicists determine not only
the particle energy but also its type (photons, electrons, protons) accord-
ing to their intensity.

A large international community of scientists, engineers and work-
ers from JINR and CERN member-states took part in the work, namely,
from Belarus, Georgia, Italy, Russia, Romania, Slovakia, Czechia. Their
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Æåíåâà (Øâåéöàðèÿ), èþëü.
Òðàäèöèîííîå ñîòðóäíè÷åñòâî

ÖÅÐÍ–ÎÈßÈ óñïåøíî ïðîäîëæàåòñÿ.

«Ìû â ÖÅÐÍ âûñîêî öåíèì êëþ÷åâóþ ðîëü

Äóáíû, êîòîðóþ îíà èãðàåò â ïðèâëå÷åíèè

ñâîèõ ýêñïåðòîâ è ðåñóðñîâ, à òàêæå â

îáúåäèíåíèè óñèëèé åå ñòðàí-ó÷àñòíèö ïî

âûïîëíåíèþ âàæíåéøèõ çàäà÷ â LHC»

(Ë. Ìàéàíè)

Geneva (Switzerland), July.
Traditional CERN–JINR cooperation

is in progress.

«We at CERN value highly the key role

played by Dubna in the attraction

of experts and resources, and in uniting

the efforts of its member-states to implement

most important tasks at LHC»

(L. Maiani)



Â âûïîëíåíèè ýòîé ãèãàíòñêîé ðàáîòû, à îíà çàíÿëà
ïî÷òè âîñåìü ëåò, ó÷àñòâîâàë êðóïíûé èíòåðíàöèîíàëü-
íûé êîëëåêòèâ ó÷åíûõ, èíæåíåðîâ è ðàáî÷èõ èç
ñòðàí-ó÷àñòíèö ÎÈßÈ è ÖÅÐÍ: Áåëîðóññèè, Ãðóçèè,
Èòàëèè, Ðîññèè, Ðóìûíèè, Ñëîâàêèè, ×åõèè. Èõ òðóä
ìàòåðèàëèçîâàëñÿ â áîëüøîå çðèìîå èçäåëèå, ñîáèðàå-
ìîå èç 65 ìîäóëåé, îñíîâó ñóïåðïðåöèçèîííîãî ôèçè÷å-
ñêîãî ïðèáîðà — «àäðîííûé êàëîðèìåòð». ×èòàòåëü
çíàêîì ñ ïàðàäîêñàëüíîñòüþ ýêñïåðèìåíòîâ â ìèêðîìè-
ðå, êîãäà äëÿ îáíàðóæåíèÿ ÷àñòèö ñîçäàþòñÿ ãèãàíòñêèå
óñêîðèòåëè è îãðîìíûå ýêñïåðèìåíòàëüíûå óñòàíîâêè.
È òåì íå ìåíåå: åñëè ñîáðàòü â îäíó ñòîïêó âñå 300 000
øòóê ÿäåðíûõ àáñîðáåðîâ (ñòàëüíûõ ïëàñòèí, ñîñòàâëÿ-
þùèõ «ñêåëåò» ìîäóëåé), òî ïîëó÷èòñÿ êîëîííà âûñî-
òîé 1,2 êì.

Çíà÷èìîñòü ó÷àñòèÿ ñïåöèàëèñòîâ èç ÎÈßÈ â ýòîé
ðàáîòå õàðàêòåðèçóåòñÿ òåì, ÷òî îíè ïðîøëè ïóòü îò
ïðîåêòèðîâàíèÿ äî ñîçäàíèÿ èçäåëèÿ è äîñòàâêè åãî â
Æåíåâó. Â ìàå 1996 ã. â ÎÈßÈ áûë ñîáðàí ïîëíîìàñ-
øòàáíûé ïðîòîòèï — ò. í. «íóëåâîé ìîäóëü». Ýòîò ïðî-
òîòèï ïî êà÷åñòâó èçãîòîâëåíèÿ ïðåâîñõîäèë âûñîêèå
òðåáîâàíèÿ ê òî÷íîñòè ñáîðêè, ïîýòîìó êîëëàáîðàöèÿ
ATLAS äîâåðèëà ñîîðóæåíèå âñåõ ìîäóëåé Îáúåäèíåí-
íîìó èíñòèòóòó ÿäåðíûõ èññëåäîâàíèé. Êîìïîíåíòû
äëÿ íèõ èçãîòàâëèâàëèñü â Äóáíå, Äóáíèöå-íàä-Âàãîì,
Êëóæå, Ïèçå, Ïðàãå è Ïðîòâèíî.

Èç ìîäóëåé, êîòîðûå èìåþò êëèíîâèäíóþ ôîðìó,
íàäî ñîñòàâèòü çàìêíóòûé öèëèíäð. Òî÷íîñòü — ãëàâ-
íîå òðåáîâàíèå ñáîðêè. Ïðèìåíåíèå ñîçäàííîé â ÎÈßÈ
ëàçåðíîé ìåòîäèêè êîíòðîëÿ òî÷íîñòè (~ 50 ìèêðîí)
ñáîðêè 6-ìåòðîâûõ 20-òîííûõ ìîäóëåé ñòàëî íîâûì
ñëîâîì â ìåòðîëîãèè.

Ðóêîâîäèòåëè ìåæäóíàðîäíîé êîëëàáîðàöèè
ATLAS âûñîêî îöåíèëè óñïåøíîå âûïîëíåíèå îáÿçà-
òåëüñòâ ÎÈßÈ. «Ïðåçåíòàöèÿ ìîäóëÿ ¹ 65» ïîêàçàëà:
Îáúåäèíåííûé èíñòèòóò òâåðäî óäåðæèâàåò ïîçèöèè
îäíîãî èç ìèðîâûõ ëèäåðîâ â îáëàñòè ôèçèêè ñâåðõâû-
ñîêèõ ýíåðãèé, à åãî èññëåäîâàòåëüñêàÿ ïðîãðàììà íåèç-
ìåííî ïðèâëåêàòåëüíà äëÿ ñàìûõ øèðîêèõ ñëîåâ ìå-
æäóíàðîäíîé íàó÷íîé îáùåñòâåííîñòè.

�

6 è 7 àâãóñòà â ÎÈßÈ íàõîäèëàñü äåëåãàöèÿ
ÖÅÐÍ — äèðåêòîð ïî èññëåäîâàíèÿì ïðîôåññîð
Ð. Êýøìîð, ðóêîâîäèòåëü ýêñïåðèìåíòà CMS ïðîôåññîð
Ì. Äåëëà Íåãðà è ïîìîùíèê ãåíåðàëüíîãî äèðåêòîðà
Í. Êóëüáåðã.

6 àâãóñòà äåëåãàöèÿ áûëà ïðèíÿòà äèðåêòîðîì Èí-
ñòèòóòà àêàäåìèêîì Â. Ã. Êàäûøåâñêèì è âèöå-äèðåê-
òîðîì ïðîôåññîðîì À. Í. Ñèñàêÿíîì.

Íà ñëåäóþùèé äåíü ñîñòîÿëîñü çàñåäàíèå ñîâìåñò-
íîãî Êîìèòåòà ïî ñîòðóäíè÷åñòâó ÖÅÐÍ–ÎÈßÈ, ñî-
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efforts brought a facility compiled with 65 modules, the
base of the superprecision physical device — a «hadron
calorimeter». Readers are well acquainted with the paradox-
es of experiments in microworld, when huge accelerators
and facilities are developed to obtain particles. Neverthe-
less, if we collect all 300 000 nuclear absorbers (steel plates
which form the «skeleton» of the modules) into one pile, we
shall make a pillar 1.2 km high.

The importance of JINR specialists’ participation in
this work is characterized by the fact that they went through
the whole job, from the design stage to the construction of
the facility and its delivery to Geneva. In May, 1996, a
full-scale prototype was assembled, i. e., module «zero».
This prototype exceeded in quality the strict requirements of
manufacturing, and the ATLAS collaboration trusted the
whole task to be implemented at JINR. Some components
were manufactured in Dubna, Dubnica-upon-Vague, Kluz-
ca, Pisa, Prague and Protvino.

A closed cylinder had to be produced from the modules,
and the precision was the main requirement. The laser meth-
ods developed at JINR to control precision (~ 50 microns) in
the assembly of 6-metre, 20-ton modules became a novation
in metrology.

The ATLAS leaders highly estimated the successful im-
plementation of JINR’s work. The presentation of module
65 showed that the Joint Institute for Nuclear Research firm-
ly keeps the position of one of the leading centres in super-
high energy physics and its research programme attracts
widest ranges of international scientific community.

�

On 6 and 7 August a delegation from CERN visited
JINR: Research Director Professor R. Cashmore, CMS pro-
ject leader Professor M. Della Negra and Assistant Director
N. Koulberg.

JINR Director Academician V. Kadyshevsky and
Vice-Director Professor A. Sissakian received the guests on
6 August.

The next day a meeting of the Joint Committee on
CERN–JINR cooperation was held, where R. Cashmore
and A. Sissakian were co-chairmen. Laboratories’Directors
N. Russakovich and V. Kekelidze, LPP Deputy Director
I. Golutvin, Assistant Director P. Bogolyubov took part in
the meeting. CERN was represented by M. Della Negra and
N. Koulberg. Both sides discussed the status of joint efforts
at LHC.

ÍÀÓ×ÍÎÅ ÑÎÒÐÓÄÍÈ×ÅÑÒÂÎ
SCIENTIFIC COOPERATION
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Æåíåâà (Øâåéöàðèÿ), èþëü.
Ïðåäñòàâèòåëè äèðåêöèé è ðóêîâîäèòåëè
ïðîåêòà îò ÎÈßÈ è ÖÅÐÍ — ó÷àñòíèêè

ïðåçåíòàöèè 65-ãî ìîäóëÿ àäðîííîãî
êàëîðèìåòðà óñòàíîâêè ATLAS

Geneva (Switzerland), July.
JINR Directorate representative and

spokespersons from JINR and CERN at the
presentation of module 65 for the hadron

calorimeter at ATLAS

Ñëåâà íàïðàâî: Ð. Ëÿéòíåð, Ï. Éåííè (ÖÅÐÍ),
Äæ. Õóáóà, À. Ñèñàêÿí (ÎÈßÈ),
Ð. Êýøìîð (ÖÅÐÍ), Þ. Áóäàãîâ (ÎÈßÈ),
Ì. Íåññè (ÖÅÐÍ)

Left to right: R. Leitner, P. Jenni (CERN),
J. Khubua, A. Sissakian (JINR),
R. Cashmore (CERN), Yu. Budagov (JINR),
M. Nessy (CERN)



ïðåäñåäàòåëÿìè êîòîðîãî ÿâëÿþòñÿ Ð. Êýøìîð è
À. Í. Ñèñàêÿí. Â çàñåäàíèè ó÷àñòâîâàëè òàêæå äèðåêòî-
ðà ëàáîðàòîðèé Í. À. Ðóñàêîâè÷, Â. Ä. Êåêåëèäçå, çàìå-
ñòèòåëü äèðåêòîðà ËÔ× È. À. Ãîëóòâèí, ïîìîùíèê äè-
ðåêòîðà ÎÈßÈ Ï. Í. Áîãîëþáîâ; ñî ñòîðîíû ÖÅÐÍ —
Ì. Äåëëà Íåãðà è Í. Êóëüáåðã. Ñòîðîíû îáñóäèëè õîä
âûïîëíåíèÿ ñîâìåñòíûõ ðàáîò ïî ïîäãîòîâêå ýêñïåðè-
ìåíòîâ íà LHC.

Îñíîâíîé öåëüþ âèçèòà äåëåãàöèè áûëî îçíàêî-
ìèòüñÿ ñ õîäîì ðàáîò, ñâÿçàííûõ ñ ñîçäàíèåì äâóõ êðóï-
íåéøèõ óñòàíîâîê äëÿ LHC — CMS è ATLAS. Â íàñòîÿ-
ùåå âðåìÿ çàêàí÷èâàåòñÿ ïåðâàÿ ôàçà — áàçîâîå ñòðîè-
òåëüñòâî, íàñòóïàåò ñëåäóþùàÿ ôàçà.

Ãîñòè ïîñåòèëè ëàáîðàòîðèè ÎÈßÈ. Â ÷àñòíîñòè, â
ËÔ× èì áûëè ïðîäåìîíñòðèðîâàíû ñáîðêà ìþîííûõ

êàìåð è èñïûòàíèÿ ïåðâûõ îáðàçöîâ. Ïðåäñòàâèòåëè
ÖÅÐÍ îñìîòðåëè äîïîëíèòåëüíóþ ëèíèþ, íà êîòîðîé
âûïîëíÿþòñÿ îïðåäåëåííûå ðàáîòû ïî ñòðîèòåëüñòâó
CMS, çàòåì îçíàêîìèëèñü ñ ðàáîòàìè ïî ïðîåêòó
ATLAS. ÎÈßÈ îòâå÷àåò çà áîëüøîé ñåãìåíò òðåêîâîãî
äåòåêòîðà, è ñåé÷àñ ïî÷òè ïîëíîñòüþ ïîäãîòîâëåíû ýëå-
ìåíòû äëÿ íåãî. Äåëåãàöèÿ ïîñåòèëà Ëàáîðàòîðèþ
ÿäåðíûõ ïðîáëåì, ãäå òàêæå âåäóòñÿ ðàáîòû ïî ATLAS.

Ïðåäñòàâèòåëè ÖÅÐÍ îòìåòèëè áîëüøîé âêëàä
Äóáíû â ñîçäàíèå ýêñïåðèìåíòàëüíîé áàçû äëÿ òðåõ
(ATLAS, CMS, ALICE) èç ÷åòûðåõ ïðîåêòîâ, êîòîðûå
áóäóò îñóùåñòâëÿòüñÿ íà LHC. Ðàáîòû âûïîëíÿþòñÿ â
ñðîê è íà âûñîêîì óðîâíå. ÎÈßÈ àêêóìóëèðóåò óñèëèÿ
ìíîãèõ ñòðàí, çàèíòåðåñîâàííûõ â ó÷àñòèè â ýòèõ ïðî-
åêòàõ ÷åðåç Äóáíó.
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The main aim of the visit was to become acquainted
with the activities on the development of two large facilities
for the hadron collider — CMS and ATLAS. At present, the
first stage of the basic construction is coming to an end, and
a new stage starts.

The guests visited the JINR Laboratories. In particular,
they were demonstrated the process of assembly of muon
chambers at the Laboratory of Particle Physics and tests of
first samples. The CERN representatives inspected an addi-
tional line, which is used for the CMS construction, then
they studied the work on ATLAS. JINR is responsible for a

large part of the track detector; almost all elements are ready
for it now. The CERN delegation also visited the Dzhelepov
Laboratory of Nuclear Problems, where work on ATLAS is
being done.

The guests marked the large contribution made by Dub-
na to the development of the experimental base of three
(ATLAS, CMS, ALICE) out of four projects to be imple-
mented at LHC. The work is accomplished in time and at
high quality. JINR accumulates efforts of many countries in-
terested in the participation of these projects through Dubna.

Dubna, 6 August. CERN delegation at JINR, including CERN Research Director Professor R. Cashmore,
CMS spokespersons Professor M. Della Negra and General Director assistant N. Koulberg.
A meeting at the JINR Directorate

Äóáíà, 6 àâãóñòà. Âèçèò â ÎÈßÈ äåëåãàöèè ÖÅÐÍ â ñîñòàâå äèðåêòîðà ïî èññëåäîâàíèÿì
ïðîôåññîðà Ð. Êýøìîðà, ðóêîâîäèòåëÿ ýêñïåðèìåíòà CMS ïðîôåññîðà Ì. Äåëëà Íåãðà
è ïîìîùíèêà ãåíåðàëüíîãî äèðåêòîðà Í. Êóëüáåðãà. Íà ñíèìêå: âñòðå÷à â äèðåêöèè Èíñòèòóòà



Ïîñîë Àðìåíèè â ÎÈßÈ

3 ñåíòÿáðÿ ÎÈßÈ ïîñåòèë ×ðåçâû÷àéíûé è Ïîëíî-
ìî÷íûé Ïîñîë Àðìåíèè â Ðîññèè À. Á. Ñìáàòÿí. Åãî ñî-
ïðîâîæäàëè ïîìîùíèê Ã. À. Ñàÿäÿí, íà÷àëüíèê ïðîòî-
êîëüíîãî îòäåëà À. À. Êàðàïåòÿí, à òàêæå ïðåäñòàâèòå-
ëè ñðåäñòâ ìàññîâîé èíôîðìàöèè Àðìåíèè. Ãîñòè áûëè
ïðèíÿòû â äèðåêöèè Èíñòèòóòà. Íà âñòðå÷å îò ÎÈßÈ
ïðèñóòñòâîâàëè: äèðåêòîð Èíñòèòóòà Â. Ã. Êàäûøåâ-
ñêèé, âèöå-äèðåêòîðà À. Í. Ñèñàêÿí, Ö. Âûëîâ, ãëàâ-
íûé ó÷åíûé ñåêðåòàðü Â. Ì. Æàáèöêèé, ãëàâíûé èíæå-
íåð È. Í. Ìåøêîâ, äèðåêòîð Ëàáîðàòîðèè ÿäåðíûõ ðå-
àêöèé Ì. Ã. Èòêèñ, íàó÷íûé ðóêîâîäèòåëü Ëàáîðàòîðèè
ÿäåðíûõ ðåàêöèé Þ. Ö. Îãàíåñÿí.

Äèðåêòîð ÎÈßÈ àêàäåìèê Â. Ã. Êàäûøåâñêèé ðàñ-
ñêàçàë ãîñòÿì î ìåæäóíàðîäíîì ñòàòóñå è êîíòàêòàõ
ÎÈßÈ ñ äðóãèìè ñòðàíàìè, î ñòðóêòóðå Èíñòèòóòà è
âàæíåéøèõ èññëåäîâàíèÿõ, êîòîðûå çäåñü âåäóòñÿ.

Âèöå-äèðåêòîð À. Í. Ñèñàêÿí ïðåäñòàâèë Àðìå-
íèþ êàê ñòðàíó-ó÷àñòíèöó, êîòîðàÿ òðàäèöèîííî ñâÿçà-
íà ñ ôèçè÷åñêîé íàóêîé. Ñåãîäíÿ îñíîâíûìè ïàðòíåðà-
ìè ÎÈßÈ ñî ñòîðîíû Àðìåíèè ÿâëÿþòñÿ Åðåâàíñêîé
ãîñóíèâåðñèòåò, Åðåâàíñêèé ôèçè÷åñêèé èíñòèòóò, Åðå-
âàíñêèé ÍÈÈ îïòèêî-ôèçè÷åñêèõ èçìåðåíèé, à òàêæå
ðÿä ïðîìûøëåííûõ ïðåäïðèÿòèé.

Äåëåãàöèÿ ïîñåòèëà Ëàáîðàòîðèþ ÿäåðíûõ ðåàê-
öèé èì. Ã. Í. Ôëåðîâà, ïîçíàêîìèëàñü ñ ó÷åíûìè è ñïå-
öèàëèñòàìè Àðìåíèè, ðàáîòàþùèìè â ÎÈßÈ.
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Armenian Ambassador at JINR

On 3 September, Extraordinary and Plenipoteniary of
Armenia in Russia A. Smbatian visited JINR. He was ac-
companied by an assistant G. Sayadian, chief of the protocol
department A. Karapetian and representatives of mass me-
dia of Armenia. The guests were received by the JINR Di-
rectorate. On the JINR side were present JINR Director
V. Kadyshevsky, JINR Vice-Directors A. Sissakian and
Ts. Vylov, Chief Scientific Secretary V. Zhabitsky, Chief
Engineer I. Meshkov, Director of the Flerov Laboratory of
Nuclear Reactions M. Itkis and Scientific Leader of the
Laboratory Yu. Oganessian.

JINR Director Academician V. Kadyshevsky talked to
the guests about the international status and contacts of
JINR with other countries, about JINR structure and most
important research conducted here.

JINR Vice-Director A. Sissakian introduced Armenia
as a member-state which is traditionally involved in physics
research. Today the main JINR partners in Armenia are
Yerevan State University, the Yerevan Institute of Physics,
the Yerevan Scientific Research Institute of Optics Mea-
surements and a number of industrial enterprises.

The delegation visited the Flerov Laboratory of Nu-
clear Reactions and met with scientists and specialists from
Armenia working at JINR.
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Äóáíà, 3 ñåíòÿáðÿ. Âèçèò â ÎÈßÈ ×ðåçâû÷àéíîãî
è Ïîëíîìî÷íîãî Ïîñëà Àðìåíèè â Ðîññèè À. Á. Ñìáàòÿíà.
Âñòðå÷à ñ ïîñëîì (âòîðîé ñïðàâà) â Ëàáîðàòîðèè ÿäåðíûõ
ðåàêöèé èì. Ã. Í. Ôëåðîâà

Dubna, 3 September. Extraordinary and Plenipoteniary of
Armenia in Russia A. Smbatian (second on the right) visits JINR.

A meeting at the Flerov Laboratory of Nuclear Reactions



Âñòðå÷è â Ìîëäàâèè

Ñ 11 ïî 13 ñåíòÿáðÿ äèðåêòîð ÎÈßÈ àêàäåìèê
Â. Ã. Êàäûøåâñêèé è ïîìîùíèê äèðåêòîðà ïî ýêîíîìè-
÷åñêèì è ôèíàíñîâûì âîïðîñàì Â. Â. Êàòðàñåâ ïîáûâà-
ëè ñ êðàòêîñðî÷íûì âèçèòîì â Ìîëäàâèè.

Ñ 1992 ã. Ìîëäàâèÿ ÿâëÿåòñÿ ñòðàíîé-ó÷àñòíèöåé
Îáúåäèíåííîãî èíñòèòóòà ÿäåðíûõ èññëåäîâàíèé, ó÷å-
íûå ðåñïóáëèêè óñïåøíî ñîòðóäíè÷àþò ñ ÎÈßÈ, ó÷à-
ñòâóþò â êðóïíûõ ìåæäóíàðîäíûõ ïðîãðàììàõ ïî ïðî-
áëåìàì ÿäåðíîé ôèçèêè. Îñíîâíûìè ó÷àñòíèêàìè ñî-
òðóäíè÷åñòâà ÿâëÿþòñÿ Èíñòèòóò ïðèêëàäíîé ôèçèêè
Àêàäåìèè íàóê Ìîëäàâèè, Êèøèíåâñêèé ãîñóäàðñòâåí-
íûé óíèâåðñèòåò, Òåõíè÷åñêèé óíèâåðñèòåò.

12 ñåíòÿáðÿ Â. Ã. Êàäûøåâñêèé ïðîâåë ñåìèíàð â
Èíñòèòóòå ïðèêëàäíîé ôèçèêè, íà êîòîðîì ðàññêàçàë î
ïîñëåäíèõ íàó÷íûõ ðåçóëüòàòàõ è âêëàäå â íèõ ìîëäàâ-
ñêèõ ó÷åíûõ.

Ñîñòîÿëèñü ïåðåãîâîðû äåëåãàöèè ÎÈßÈ ñ ïðåçè-
äåíòîì Àêàäåìèè íàóê Ìîëäàâèè àêàäåìèêîì À. Àí-
äðèåøåì è ïðåäñåäàòåëåì Âûñøåãî ñîâåòà ïî íàóêå è
òåõíîëîãè÷åñêîìó ðàçâèòèþ Ìîëäàâèè (ÂÑÍÒÐ) À. Ðî-
òàðó. Â õîäå îáìåíà ìíåíèÿìè îáå ñòîðîíû ïîäòâåðäèëè
âçàèìíóþ çàèíòåðåñîâàííîñòü â äàëüíåéøåì íàó÷-
íî-òåõíè÷åñêîì ñîòðóäíè÷åñòâå â îáëàñòè òåîðåòè÷å-
ñêîé ôèçèêè è èíôîðìàöèîííûõ òåõíîëîãèé, à òàêæå â
îáëàñòè ïðèêëàäíûõ èññëåäîâàíèé, ïðåäñòàâëÿþùèõ
èíòåðåñ äëÿ ýêîíîìèêè Ìîëäàâèè.

Â òîò æå äåíü ñîñòîÿëàñü âñòðå÷à äåëåãàöèè ÎÈßÈ,
ðóêîâîäñòâà Àêàäåìèè íàóê Ìîëäàâèè è ÂÑÍÒÐ ñ ïåð-
âûì çàìåñòèòåëåì ïðåìüåð-ìèíèñòðà Ìîëäàâèè Â. Èî-
âîì, íà êîòîðîé òàêæå îáñóæäàëñÿ âîïðîñ î ðàñøèðåíèè
ñîòðóäíè÷åñòâà Ìîëäàâèè ñ ÎÈßÈ. Â îáñóæäåíèè ïðè-
íèìàëè ó÷àñòèå çàìåñòèòåëü ìèíèñòðà ýêîíîìèêè
Â. Àôàíàñüåâ è íà÷àëüíèê óïðàâëåíèÿ êàíöåëÿðèè ïðà-
âèòåëüñòâà È. Ïàñå÷íèê.

ÎÈßÈ–Èíäèÿ:

íîâûé øàã ê ñîãëàøåíèþ

27 ñåíòÿáðÿ ÎÈßÈ ñ îôèöèàëüíûì âèçèòîì ïîñå-
òèëà äåëåãàöèÿ ó÷åíûõ Èíäèè. Äåëåãàöèþ âîçãëàâëÿë
äîêòîð Ä. Ä. Áõàâàëêàð, äèðåêòîð öåíòðà ïåðåäîâûõ
òåõíîëîãèé Äåïàðòàìåíòà àòîìíîé ýíåðãèè, åãî ñîïðî-
âîæäàëè äîêòîð Ï. Ñàòüÿìóðòè è äîêòîð Â. Ñàõíè
(Àòîìíûé èññëåäîâàòåëüñêèé öåíòð èì. Õ. Áàáà, Ìóì-
áåé), äðóãèå îôèöèàëüíûå ëèöà. ×ëåíû äåëåãàöèè ïîñå-
òèëè ËÍÔ, ËßÐ, ËÂÝ, ïîñëå ÷åãî âñòðåòèëèñü ñ ðóêî-
âîäñòâîì Èíñòèòóòà. Ñî ñòîðîíû ÎÈßÈ âî âñòðå÷å ïðè-
íèìàëè ó÷àñòèå äèðåêòîð ÎÈßÈ Â. Ã. Êàäûøåâñêèé,
âèöå-äèðåêòîð À. Í. Ñèñàêÿí, ãëàâíûé ó÷åíûé ñåêðå-
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Meetings in Moldova

From 11 to 13 September, JINR Director Academician
V. Kadyshevsky and Assistant Director on Economic and
Finance Issues V. Katrasev visited Moldova.

Moldova has been a JINR Member-State since 1992.
The scientists from this Republic cooperate with JINR suc-
cessfully and take part in large international projects in nu-
clear physics.

Big partners are the Institute of Applied Physics of the
Moldovan Academy of Sciences, Chisinau State University
and Technical University.

On 12 September, V. Kadyshevsky held a seminar at
the Institute of Applied Physics, where he spoke about the
latest scientific results and the contribution of the Moldovan
scientists to them.

The JINR delegation had negotiations with President of
the Academy of Sciences of Moldova Academician A. An-
driesh and Chairman of the Higher Council on Science and
Technological Development of Moldova (HCSTD) A. Ro-
taru. In the exchange of opinions the sides confirmed mutual
interests in further scientific and technical cooperation
in theoretical physics and information techniques, together
with applied research important to the economy of
Moldova.

The same day, the JINR delegation met with the leaders
of the Moldovan Academy of Sciences, HCSTD, First
Deputy of the Moldovan Prime-Minister V. Iov and dis-
cussed the question of widening Moldova–JINR coopera-
tion. Deputy Minister of Economy V. Afanasiev and Chief
of the Government Administration Department I. Pasechnik
took part in the discussions.

JINR–India:

a New Step Towards Agreement

A delegation of scientists from India visited JINR on 27
September. It was headed by Dr D. Bhavalkar, the Director
of the Advanced Technology Centre of the Atomic Energy
Department. He was accompanied by Dr P. Satiamurti and
Dr V. Sahni (H. Bhabha Atomic Research Centre, Mumbei)
and other official people. The delegation visited FLNP,
FLNR, VBLHE and met with the Institute leaders. JINR
was represented by JINR Director V. Kadyshevsky, JINR
Vice-Director A. Sissakian, Chief Scientific Secretary
V. Zhabitsky, Assistant Director on International Ties P. Bo-
golyubov, VBLHE Deputy Director A. Kovalenko and

ÍÀÓ×ÍÎÅ ÑÎÒÐÓÄÍÈ×ÅÑÒÂÎ
SCIENTIFIC COOPERATION
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òàðü Â. Ì. Æàáèöêèé, ïîìîùíèê äèðåêòîðà
ïî ìåæäóíàðîäíûì ñâÿçÿì Ï. Í. Áîãîëþáîâ,
çàìåñòèòåëü äèðåêòîðà ËÂÝ À. Ä. Êîâàëåí-
êî, çàìåñòèòåëü äèðåêòîðà ËßÏ Å. Ì. Ñûðå-
ñèí.

Â õîäå âñòðå÷è îáñóæäàëèñü òåõíè÷å-
ñêèå âîïðîñû ñîãëàøåíèÿ îá àññîöèèðîâàí-
íîì ÷ëåíñòâå Èíäèè â ÎÈßÈ.

Ãîñòè èç Èíäèè îòìåòèëè, ÷òî íàó÷íûå
êîíòàêòû ìåæäó ó÷åíûìè èç Äåïàðòàìåíòà
àòîìíîé ýíåðãèè Èíäèè è èõ êîëëåãàìè â
ÎÈßÈ â ðàçíûõ îáëàñòÿõ ôèçèêè ðàçâèâàþò-
ñÿ îêîëî 40 ëåò. Èíäèéñêèå ó÷åíûå áûëè áû
çàèíòåðåñîâàíû â äàëüíåéøåì ðàçâèòèè ñî-
òðóäíè÷åñòâà, â òîì ÷èñëå â ó÷àñòèè â ýêñïå-
ðèìåíòàõ ïî ïîèñêó ñâåðõòÿæåëûõ ýëåìåí-
òîâ, â ôóíäàìåíòàëüíûõ èññëåäîâàíèÿõ â
ðàçíûõ îáëàñòÿõ íà ðåàêòîðå ÈÁÐ-2, à òàêæå
â ñîòðóäíè÷åñòâå â îáëàñòè êîíñòðóèðîâà-
íèÿ è ñòðîèòåëüñòâà óñêîðèòåëÿ è â ðàçðà-
áîòêå óçëîâ íåéòðîííîãî èñòî÷íèêà, ñòðîè-
òåëüñòâî êîòîðîãî ïëàíèðóåòñÿ â Èíäèè.

Ñ 11 ÏÎ 18 ÈÞËß â Ëàáîðàòîðèè òåîðåòè÷åñêîé ôèçèêè
èì. Í. Í. Áîãîëþáîâà â òðåòèé ðàç ïðîõîäèëî ìåæäóíàðîäíîå ðàáî-
÷åå ñîâåùàíèå «Êâàíòîâàÿ ãðàâèòàöèÿ è ñóïåðñòðóíû». Â åãî ðà-
áîòå ïðèíÿëè ó÷àñòèå îêîëî 65 ó÷åíûõ èç íàó÷íûõ öåíòðîâ Áðàçè-
ëèè, Âåëèêîáðèòàíèè, Ãåðìàíèè, Èòàëèè, Êàíàäû, Ìåêñèêè, Ïîëü-
øè, Ðîññèè (Ìîñêâa, Êàçàíü, Êðàñíîäàð, Ïåòðîçàâîäñê, Òîìñê,
×åáîêñàðû), Ðóìûíèè, Óêðàèíû (Êèåâ, Õàðüêîâ), Ôðàíöèè, ×èëè,
ÞÀÐ è Þãîñëàâèè, â òîì ÷èñëå 25 ÷åëîâåê èç ÎÈßÈ. Ñîâåùàíèå
ïðîâîäèëîñü ïðè ôèíàíñîâîé ïîääåðæêå ÞÍÅÑÊÎ, ÐÔÔÈ, à òàê-
æå ïðîãðàìì «Ãåéçåíáåðã–Ëàíäàó», «Áëîõèíöåâ–Âîòðóáà» è «Áî-
ãîëþáîâ–Èíôåëüä».

Íàó÷íàÿ ïðîãðàììà ñîâåùàíèÿ âêëþ÷àëà îáñóæäåíèå ðÿäà ïå-
ðåäîâûõ íàïðàâëåíèé ñîâðåìåííîé òåîðåòè÷åñêîé ôèçèêè: òåîðèè
ñóïåðñòðóí è ñóïåðãðàâèòàöèè, èõ ñòàáèëüíûõ âàêóóìîâ ñ äå-ñèò-
òåðîâñêîé ñèììåòðèåé, ñâÿçàííûõ ñ íèìè íîâûõ êîñìîëîãè÷åñêèõ
ìîäåëåé è ðåøåíèé òèïà ÷åðíûõ äûð, èíòåãðèðóåìûõ ìîäåëåé
êâàíòîâîé (ñóïåð) ãðàâèòàöèè, à òàêæå äîïîëíèòåëüíûõ ðàçìåðíî-
ñòåé è áðàí â ñîîòâåòñòâóþùèõ êîììóòàòèâíûõ è íåêîììóòàòèâ-
íûõ òåîðèÿõ ïîëÿ.

Íà ñîâåùàíèè áûëî çàñëóøàíî îêîëî 50 ÷àñîâûõ è ïîëó÷àñî-
âûõ äîêëàäîâ, ïîñâÿùåííûõ ñîâðåìåííûì äîñòèæåíèÿì â óêàçàí-
íûõ âûøå íàïðàâëåíèÿõ. ×àñòü äîêëàäîâ, ïî ñóòè, ÿâëÿëàñü ââîä-
íûìè ëåêöèÿìè ê íåêîòîðûì èç ýòèõ äèíàìè÷íî ðàçâèâàþùèõñÿ
íàïðàâëåíèé, ÷òî áûëî èíòåðåñíî êàê äëÿ àêòèâíî ðàáîòàþùèõ èñ-

43

DLNP Deputy Director E. Syresin. During the
meeting, technical aspects of the agreement on
the associate membership of India at JINR were
discussed.

The Indian guests stressed that the scientif-
ic contacts between scientists from the Atomic
Energy Department of India and their col-
leagues from JINR had been developing for
about 40 years. Indian researchers would be in-
terested in further developing the cooperation;
in particular, they would like to take part in su-
perheavy elements’ search experiments, in fun-
damental research at the IBR-2 reactor and in
design and construction of an accelerator and
parts of a neutron source, which is planned to be
produced in India.

The International Workshop on Quantum Gravity and Super-

strings was held at the Bogoliubov Laboratory of Theoretical Physics
from 11 to 18 July. It gathered about 65 scientists from Brazil, Great
Britain, Germany, Italy, Canada, Mexico, Poland, Russia (Moscow,
Kazan, Krasnodar, Petrozavodsk, Tomsk, Cheboksary), Romania,
Ukraine (Kiev, Kharkov), France, Chile, the South African Republic and
Yugoslavia. Also 25 scientists from JINR took part in the Workshop.
The financial support of the Workshop was received from UNESCO, the
Russian Foundation for Basic Research, as well as from the Heisen-
berg–Landau, Blokhintsev–Votruba and Bogoliubov–Infeld pro-
grammes.

The scientific programme covered a number of advanced topics of
modern theoretical physics: superstring theory and supergravity; finding
stable de Sitter vacua in these theories; new cosmological and black hole
models; integrable models of quantum (super) gravity; studying theories
with extra dimensions and branes; commutative and noncommutative
field theories.

The programme was based on around 50 one-hour and half-an-hour
talks devoted to new results in the above mentioned directions. Part of
talks, in fact, was in the form of introductory lectures to some of those
rapidly developing research areas. This was certainly interesting both
for people actively working in the field and for young scientists whose
scientific activity has just begun.



ñëåäîâàòåëåé, òàê è äëÿ ìîëîäûõ ó÷åíûõ, òîëüêî íà÷è-
íàþùèõ ñâîþ íàó÷íóþ äåÿòåëüíîñòü.

Ïðèìå÷àòåëüíîé îñîáåííîñòüþ ñîâåùàíèÿ áûëî
àêòèâíîå ó÷àñòèå â íåì òàëàíòëèâîé ìîëîäåæè — àñïè-
ðàíòîâ èç Ðîññèè è Ãåðìàíèè, ÷òî ïðîäîëæèëî è çàêðå-
ïèëî òðàäèöèè, çàëîæåííûå â ïåðâûõ äâóõ ñîâåùàíèÿõ
ýòîé ñåðèè. Íàêîïëåííûé ïîëîæèòåëüíûé îïûò ìîæåò
áûòü èñïîëüçîâàí è â áóäóùåì ïðè îðãàíèçàöèè øêîë
äëÿ ñòóäåíòîâ è àñïèðàíòîâ â ðàìêàõ íîâîé, èíòåãðèðî-
âàííîé â íàó÷íóþ ñòðóêòóðó Ëàáîðàòîðèè òåîðåòè÷å-
ñêîé ôèçèêè ìåæäóíàðîäíîé Øêîëû ñîâðåìåííîé òåî-
ðåòè÷åñêîé ôèçèêè äëÿ àñïèðàíòîâ è ñòóäåíòîâ, êîòîðàÿ
áóäåò ôóíêöèîíèðîâàòü íà÷èíàÿ ñî ñëåäóþùåãî ãîäà.

Âñå ýòî ïîçâîëÿåò íàäåÿòüñÿ, ÷òî õîðîøî çàðåêîìåíäî-
âàâøåå ñåáÿ ñîâìåñòíîå ïðîâåäåíèå ðàáî÷èõ ñîâåùàíèé
è øêîë äëÿ ìîëîäûõ ó÷åíûõ ïî ïåðåäîâûì íàïðàâëåíè-
ÿì ñîâðåìåííîé òåîðåòè÷åñêîé ôèçèêè ñòàíåò ðåãóëÿð-
íûì è òåì ñàìûì çàêðåïèò âåäóùóþ ðîëü ëàáîðàòîðèè
íå òîëüêî â èññëåäîâàíèÿõ, íî è â âîñïèòàíèè ìîëîäûõ
òåîðåòèêîâ.

À. Ò. Ôèëèïïîâ, À. Ñ. Ñîðèí

Ñ 21 èþëÿ ïî 10 àâãóñòà â Ëàáîðàòîðèè òåîðåòè÷å-
ñêîé ôèçèêè èì. Í. Í. Áîãîëþáîâà ïðîõîäèëà ìåæäóíà-
ðîäíàÿ ëåòíÿÿ øêîëà DAAD «Êâàíòîâàÿ ñòàòèñòèêà
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Talented young participants — graduate students from
Russia and Germany — are a feature of the Workshop which
became a tradition started at the first two Workshops of this
kind. The accumulated positive experience can also be used
in future in organizing schools for students in the framework
of the new International School of Modern Theoretical
Physics, which was incorporated in the structure of the Bo-
goliubov Laboratory and will start operating next year. This
gives a reason to hope that successful joining of workshops
and schools devoted to advanced trends in modern theoreti-

cal physics will become regular in future and, thus, strength-
en a leading position of the Laboratory, in addition to
research areas, as an educating centre of young theoreti-
cians.

A. Filippov, A. Sorin

On 21 July – 10 August, the DAAD summer school
«Quantum Statistics of Many-Particle Systems» was held

Äóáíà, 11 èþëÿ. Ó÷àñòíèêè ìåæäóíàðîäíîãî ðàáî÷åãî ñîâåùàíèÿ ïî êâàíòîâîé ãðàâèòàöèè è ñóïåðñòðóíàì

Dubna, 11 July. Participants of the International Workshop On Quantum Gravitaty and Superstrings
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ìíîãî÷àñòè÷íûõ ñèñòåì». Ýòî âòîðàÿ øêîëà, îðãàíè-
çîâàííàÿ â Äóáíå ïðè ïîääåðæêå Ìèíèñòåðñòâà îáðàçî-
âàíèÿ, íàóêè è òåõíîëîãèé Ãåðìàíèè è Íåìåöêîãî êîìè-
òåòà íàó÷íûõ îáìåíîâ (DÀÀD) â ðàìêàõ ïðîãðàììû
DÀÀD «Ðàñïðîñòðàíåíèå íåìåöêîãî îïûòà îáó÷åíèÿ».
Â íåé ó÷àñòâîâàëè 43 ñòóäåíòà èç 9 ñòðàí — 18 èç Ðîñ-
ñèè, 15 èç Ãåðìàíèè, à òàêæå èç Åãèïòà, Àðìåíèè, ßïî-
íèè, Êîðåè, Âåíãðèè, Áåëîðóññèè, Ïîëüøè. Ëåêöèè ÷è-
òàëè èçâåñòíûå ó÷åíûå èç Ãåðìàíèè, Ðîññèè, ßïîíèè,
Èòàëèè, Àðìåíèè, ÑØÀ, Óêðàèíû è Ôðàíöèè.

Â ýòîì ãîäó çàìåòíî óâåëè÷èëîñü êîëè÷åñòâî ñòó-
äåíòîâ è àñïèðàíòîâ èç áûâøèõ ðåñïóáëèê ÑÑÑÐ è
ñòðàí-íåó÷àñòíèö ÎÈßÈ, ðàñøèðèëñÿ êðóã ïðåïîäàâà-

òåëåé èç ñòðàí-íåó÷àñòíèö ÎÈßÈ. Òåìàòèêà ýòîãî ãîäà
áûëà áîëåå øèðîêîé è èíòåðåñíîé è âêëþ÷àëà ëåêöèè
ïî êâàíòîâîé òåîðèè ïîëÿ ïðè êîíå÷íîé òåìïåðàòóðå è
ïëîòíîñòè, ôóíêöèÿì Ãðèíà â ðàâíîâåñíîé è íåðàâíî-
âåñíîé òåðìîäèíàìèêå, ìåòîäó ôóíêöèîíàëà ïëîòíî-
ñòè, ñâÿçàííûì ñîñòîÿíèÿì è êëàñòåðàì, ôàçîâûì ïåðå-
õîäàì â ñòîëêíîâåíèÿõ òÿæåëûõ èîíîâ, Ìîíòå-Êàðëî
ìîäåëèðîâàíèþ êóëîíîâñêèõ ñèñòåì, ïëîòíîé ìàòåðèè
â êîìïàêòíûõ çâåçäàõ è ñâåðõíîâûõ. Îðãàíèçàòîðû
øêîëû óâåëè÷èëè êîëè÷åñòâî ó÷åáíûõ ÷àñîâ — øêîëà
äëèëàñü òðè íåäåëè, è áîëüøå âðåìåíè áûëî îòâåäåíî
íà ñâîáîäíûå äèñêóññèè, êóëüòóðíóþ ïðîãðàììó, çíà-
êîìñòâî ñ ðàáîòîé áàçîâûõ óñòàíîâîê è íàó÷íûõ êîëëåê-
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in Dubna. It was the second school supported by the
Federal Ministry for Education, Research and Technolo-
gies and Deutcher Akademischer Austauschdienst
(DAAD) in the framework of the DAAD programme
«Export of German Academic Training». Forty-three
students from nine countries, including 18 from Russia
and 15 from Germany, as well as from Armenia, Be-
larus, Egypt, Hungary, Japan, Korea, and Poland took
part in the school. Lecturers of the school were famous
scientists from Armenia, Germany, France, Italy, Japan,
Russia, Ukraine, and the USA.

This year, the number of students and postgraduates
from the former Soviet Union’s republics and JINR
non-Member States as well as the number of lecturers
from JINR non-Member States were increased apprecia-
bly. The programme was more interesting and wider this
year and included lectures on quantum fields at finite
temperature and density; Green functions in equilibrium
and nonequilibrium thermodynamics; density functional
theory; bound states and clusters; phase transitions in
heavy-ion collisions; Monte-Carlo simulations of

Äóáíà, 21 èþëÿ – 10 àâãóñòà.
Øêîëà DAAD «Êâàíòîâàÿ ñòàòèñòèêà

ìíîãî÷àñòè÷íûõ ñèñòåì»

Dubna, 21 July – 10 August.
DAAD school «Quantum Statistics

of Many-Particle Systems»



òèâîâ ÎÈßÈ. Äîñòèãíóòà äîãîâîðåííîñòü ñ èçäàòåëü-
ñòâîì «Øïðèíãåð» î âûïóñêå òðóäîâ øêîëû.

Èíèöèàòèâà ïðîâåäåíèÿ òàêèõ ëåòíèõ øêîë â Äóáíå
èñõîäèò îò ïðîôåññîðîâ Óíèâåðñèòåòà â Ðîñòîêå (Ãåð-
ìàíèÿ). Î÷åðåäíàÿ, òðåòüÿ øêîëà â ðàìêàõ ýòîé ïðî-
ãðàììû ïðîéäåò ëåòîì 2003 ã. â Äóáíå ïî òåìàòèêå îä-
íîé èç áóðíî ðàçâèâàþùèõñÿ îáëàñòåé íàóêè «Òðàôèê è
ýêîíîìôèçèêà».

Íîâàÿ ôèçèêà ó ïîëÿðíîãî êðóãà

Áûñòðî ðàçâèâàþùàÿñÿ ôèçèêà ýëåìåíòàðíûõ ÷à-
ñòèö âñå áîëüøå âûçûâàåò ê æèçíè íîâûå íåáîëüøèå
ñïåöèàëèçèðîâàííûå êîíôåðåíöèè, íàïðàâëåííûå íà
îáñóæäåíèå íàèáîëåå àêòóàëüíûõ è ñîâðåìåííûõ ïðî-
áëåì ôèçèêè ÷àñòèö. Â ðÿäó òàêîãî ðîäà ìåæäóíàðîä-
íûõ êîíôåðåíöèé óæå íå ïåðâûé ãîä äîñòîéíîå ìåñòî
îòâîäèòñÿ òàêèì êîíôåðåíöèÿì, êàê NANP (â Äóáíå),
BEYOND (â Ãåðìàíèè) è ò. ï., ãëàâíûì îáúåêòîì îáñó-
æäåíèÿ íà êîòîðûõ ÿâëÿåòñÿ òàê íàçûâàåìàÿ íîâàÿ ôè-
çèêà, èëè ôèçèêà çà ðàìêàìè ñòàíäàðòíîé ìîäåëè. Íå-
ëèøíå ñêàçàòü, ÷òî 5-ÿ êîíôåðåíöèÿ èç ñåðèè NANP
(Non-Accelerator New Physics) â 2003 ã. ïðîéäåò â Äóáíå
è áóäåò ïîñâÿùåíà 90-ëåòèþ ñî äíÿ ðîæäåíèÿ Áðóíî
Ïîíòåêîðâî.

Â íà÷àëå èþíÿ 2002 ã. â ôèíñêîì ãîðîäå Îóëó,
ðàñïîëîæåííîì â íåïîñðåäñòâåííîé áëèçîñòè îò ñåâåð-
íîãî ïîëÿðíîãî êðóãà, ïðîøëà òðåòüÿ êîíôåðåíöèÿ
ïî âîïðîñàì ôèçèêè çà ðàìêàìè ñòàíäàðòíîé ìîäåëè
(BEYOND’02).

Òðàäèöèîííî íàó÷íàÿ ïðîãðàììà êîíôåðåíöèé BE-
YOND îõâàòûâàåò ïî÷òè âñå íàèáîëåå àêòóàëüíûå âî-
ïðîñû ñîâðåìåííîé ôèçèêè ÷àñòèö. ×òî íåóäèâèòåëüíî,
ïîñêîëüêó ïðàêòè÷åñêè âñå ýòè âîïðîñû òåñíî ñâÿçàíû
äðóã ñ äðóãîì. Íà ýòîé êîíôåðåíöèè ãëàâíûé óïîð â òåî-
ðåòè÷åñêîì ïëàíå áûë ñäåëàí íà íîâûå íàïðàâëåíèÿ â
îáëàñòè ðàñøèðåíèÿ ñòàíäàðòíîé ìîäåëè êàê ïî ïóòè
âåëèêîãî îáúåäèíåíèÿ è ñóïåðñèììåòðèè, òàê è â íàïðà-
âëåíèè òåîðèé ñ äîïîëíèòåëüíûìè ðàçìåðíîñòÿìè. Ýòè
âîïðîñû îáñóæäàëèñü â âûñòóïëåíèÿõ Í. Ìàâðîìàòîñà
(Îêñôîðä è ÖÅÐÍ), Ï. Íàòà (Áîñòîí), Ý. Ìà (Ðèâåð-
ñàéä), È. Àíòîíèàäèñà (ÖÅÐÍ) è äð. Ôåíîìåíîëîãè÷å-
ñêèå àñïåêòû ñîâðåìåííûõ M-òåîðèé è ôóíäàìåíòàëü-
íûõ ñèììåòðèé ðàññìàòðèâàëèñü â äîêëàäàõ À. Ôàðà-
äæè (Ìèííåñîòà), Ì. Öâåòè÷ (Ïåíñèëüâàíèÿ),
Ì. Êèðáàõ (Çàêàòåêàñ, Ìåêñèêà), Þ. Êàìûøêîâà
(Êíîêñâèë), Ì. Ìîðèòû (Òîêèî) è äð. Íåîáû÷íàÿ êîí-
öåïöèÿ ìàññèâíûõ ìàéîðàíîâñêèõ ÷àñòèö áûëà ïðåäëî-
æåíà â âûñòóïëåíèè Ä. Àõëóâàëèÿ (Çàêàòåêàñ, Ìåêñè-
êà). Áûëè ïðåäñòàâëåíû íîâûå ðåçóëüòàòû ïîèñêà áîçî-
íîâ Õèããñà, ñóïåðñèììåòðè÷íûõ ÷àñòèö, íàðóøåíèÿ òàê
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Coulomb systems; dense matter in compact stars and super-
nova. The Organizing Committee increased the
school-hours (the school continued three weeks) and al-
lowed more time for free discussions, cultural programme,
visits to the JINR facilities and research divisions. The
School Proceedings will be published by the Springer-Ver-
lag Publishing House.

Such summer schools to be held in Dubna were initiat-
ed by professors of the Rostock University. Next school
within this programme, to be held in Dubna in the summer
of 2003, will be on the rapidly developing subject «Econo-
physics and Traffic».

New Physics at the North Pole

New time in quickly developing particle physics re-
quires new types of conferences, which are specialized in
and directed at modern problems in particle physics. Among
such international conferences are NANP (Non-Accelerator

New Physics) (JINR), BEYOND (Germany) and other con-
ferences where the main topic of discussion is the so-called
new physics or physics beyond the Standard Model. The
V NANP conference in 2003 will be held in Dubna and will
be dedicated to the 90th anniversary of Bruno Pontecorvo.

The III conference on particle physics beyond the Stan-
dard Model (BEYOND ’02) was held on 2–7 June 2002 in
the Finnish town of Oulu at the North Pole.

Traditionally, the scientific programme of BEYOND
conferences covers almost all topics of modern particle
physics. At the present conference the main emphasis was
laid mostly on new theoretical developments in the field of
the extension of the Standard Model by means of grand uni-
fied and SUSY theories and extra dimensions.

All these subjects were discussed in talks of N. Mavro-
matos (Oxford and CERN), P. Nath (Boston), E. Ma (River-
side), A. Pilaftsis (Manchester), B. Bajc (Lublijana),
H. Bech-Nielsen (DESY), I. Antoniadis (CERN) and oth-
ers. M-theory and fundamental symmetries were considered
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íàçûâàåìîé R-÷åòíîñòè, ëåïòîêâàðêîâ è âîçáóæäåííûõ
ñîñòîÿíèé ôåðìèîíîâ íà êîëëàéäåðàõ LEP è HERA.

Íà ëþáîé êîíôåðåíöèè, îáñóæäàþùåé âîïðîñû íî-
âûõ ÿâëåíèé â ôèçèêå ÷àñòèö, èíòðèãóþùàÿ ïðîáëåìà
íåâèäèìîé, èëè òåìíîé, ìàòåðèè âî Âñåëåííîé çàíèìà-
åò îäíî èç öåíòðàëüíûõ ìåñò. Ýòî è ïîíÿòíî, ïîñêîëüêó
äëÿ åå ðàçóìíîãî îáúÿñíåíèÿ íåîáõîäèìî ïðèâëåêàòü
òàêèå ÷àñòèöû, êîòîðûì íå óäàåòñÿ íàéòè ìåñòà â ðàì-
êàõ ñòàíäàðòíîé ìîäåëè. Ñ òî÷êè çðåíèÿ òåîðèè ïðîáëå-
ìà òåìíîé ìàòåðèè îáñóæäàëàñü â äîêëàäàõ Ä. Íàíîïî-
ëîóñà è Ð. Àðíîâèòòà (Òåõàñ), Â. Áåäíÿêîâà (Äóáíà) è
Ð. Âèîëüå (Êåéïòàóí). Óæå ïîëó÷åííûå ðåçóëüòàòû è
ïåðñïåêòèâû ïîèñêà ÷àñòèö òåìíîé ìàòåðèè ñ ïîìîùüþ
ñöèíòèëëÿöèîííûõ (ýêñïåðèìåíò DAMA) è ãåðìàíèå-
âûõ äåòåêòîðîâ áîëüøîãî îáúåìà (ïðîåêòû GENIUS)
áûëè ðàññìîòðåíû Ð. Áåðíàáåé (Ðèì) è È. Êðèâîøåè-
íîé (Ãåéäåëüáåðã è Íèæíèé Íîâãîðîä). Ñåãîäíÿ (è, ïî-
æàëóé, â áëèæàéøåé ðàçóìíîé ïåðñïåêòèâå) òîëüêî ýòè
äâà ýêñïåðèìåíòà (çà ñ÷åò áîëüøîé ìàññû äåòåêòîðà) â
ñîñòîÿíèè äåéñòâèòåëüíî îáíàðóæèòü ÷àñòèöû òåìíîé
ìàòåðèè ïóòåì íàáëþäåíèÿ ýôôåêòà ãîäîâîé ìîäóëÿöèè
èçìåðÿåìîãî ñèãíàëà îò âçàèìîäåéñòâèÿ ÷àñòèö òåìíîé
ìàòåðèè ñ âåùåñòâîì äåòåêòîðà. Êîëëàáîðàöèÿ DAMA
íà ïðîòÿæåíèè óæå íåñêîëüêèõ ëåò óòâåðæäàåò, ÷òî òà-
êîé ýôôåêò îíà âèäèò è äàåò îöåíêó ìàññû ÷àñòèö òåì-
íîé ìàòåðèè ïðèìåðíî 50 ÃýÂ/ñ. Ê ñîæàëåíèþ, äðóãèå

òîíêèå ýêñïåðèìåíòû, ñ êðàéíå äîðîãîñòîÿùèìè è òåõ-
íè÷åñêè î÷åíü ïðèõîòëèâûìè äåòåêòîðàìè (íàïðèìåð, ñ
êðèîãåííûìè ãåðìàíèåâûìè äåòåêòîðàìè ñ îäíîâðå-
ìåííûì ñúåìîì èîíèçàöèîííîãî è òåïëîâîãî èëè ñâåòî-
âîãî ñèãíàëà), ïî-âèäèìîìó, íå áóäóò â ñîñòîÿíèè çàðå-
ãèñòðèðîâàòü ìîäóëÿöèîííûé ñèãíàë èç-çà ñëèøêîì ìà-
ëîé ìàññû äåòåêòèðóþùåãî âåùåñòâà.

Ñîâðåìåííûå àñòðîôèçè÷åñêèå ìåòîäû íàáëþäå-
íèÿ äîñòèãëè ñòîëü âûñîêîé òî÷íîñòè, ÷òî, îêàçûâàåòñÿ,
íåîæèäàííî ìíîãî âàæíîé èíôîðìàöèè ôóíäàìåíòàëü-
íîãî ïëàíà (íàïðèìåð î ïëîòíîñòè áàðèîíîâ è âñåãî âå-
ùåñòâà âî Âñåëåííîé, çíà÷åíèÿõ êîñìîëîãè÷åñêîé ïî-
ñòîÿííîé è ïîñòîÿííîé Õàááëà è ò. ï.) ìîæíî èçâëå÷ü èç
àíàëèçà ðàçëè÷íûõ õàðàêòåðèñòèê òàê íàçûâàåìîãî êîñ-
ìè÷åñêîãî ìèêðîâîëíîâîãî ôîíîâîãî èçëó÷åíèÿ. Ýòè
âîïðîñû áûëè ðàññìîòðåíû Í. Ñóãèÿìîé (Òîêèî).
Àñòðîôèçè÷åñêèå èñòî÷íèêè ôèçè÷åñêîé èíôîðìàöèè
î÷åíü áûñòðî çàíèìàþò ïîäîáàþùåå èì ìåñòî ñðåäè
óñêîðèòåëüíûõ è íåóñêîðèòåëüíûõ ïðåöèçèîííûõ ýêñ-
ïåðèìåíòîâ. Àñòðîôèçè÷åñêèå èññëåäîâàíèÿ òåñíûì
îáðàçîì ñâÿçàíû ñ ôóíäàìåíòàëüíûìè ïðîáëåìàìè ôè-
çèêè íåéòðèíî. Ýòî â ïåðâóþ î÷åðåäü êàñàåòñÿ õàðàêòå-
ðèñòèê è ïðîèñõîæäåíèÿ êîñìè÷åñêèõ íåéòðèíî
(ñâåðõ)âûñîêèõ ýíåðãèé, èññëåäîâàíèå êîòîðûõ äàåò
èíôîðìàöèþ î íîâîé ôèçèêå, íàïðèìåð, ïóòåì íàáëþ-
äåíèÿ øèðîêèõ àòìîñôåðíûõ ëèâíåé, âûçûâàåìûõ
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in the talks of A. E. Faraggi (Minnesota), M. Cvetic (Penn-
sylvania), M. Kirchbach (Zacatecas, Mexico), T. Kuo
(Stony Brook), Yu. Kamyshkov (Knoxville), T. Soldner
(Grenoble), M. Kreuz (Grenoble), and M. Morita (Tokyo).
A very interesting concept concerning massive Majorana
particles was presented by D. V. Ahluwalia (Zacatecas,
Mexico). New results of the search for Higgs bosons, SUSY
particles, R-parity violation, leptoquarks and excited fermi-
ons at the LEP and HERA colliders were presented in the
talks of R. Nicolaidou (Saclay), S. Costantini (Rome),
U. Katz (DESY), A. Lipniacka (Stockholm) and
O. Yushchenko (Protvino).

The long-standing and very intriguing problem of dark
matter in the Universe is a permanent topic at any confer-
ence aimed at new physics and new phenomena. From the
theoretical point of view the dark matter problem was exten-
sively discussed by D. Nanopoulos (Texas), R. L. Arnowitt
(Texas), A. Green (Stockholm), V. A. Bednyakov (Dubna),
R. Viollier (Cape Town). Results and perspectives for direct

dark matter experiments with scintillators (DAMA projects)
and germanium detectors with big target mass (GENIUS
and GENIUS-TF projects) were presented by R. Bernabei
(Rome) and I. V. Krivosheina (Heidelberg and Nizhnii Nov-
gorod). Today, only these two experiments are able to see
positive signal from dark matter particle interaction with tar-
get nuclei by means of season modulation effect. Other quite
good experiments (for example, with sophisticated cryo-
genic detectors and ionisation-to-heat discriminations) are
unable to notice such modulation signature of interactions
due to very small detecting mass.

From the excellent talk of N. Sugiyama (Tokyo) «Cos-
mic Microwave Background: A New Tool for Cosmology
and Fundamental Physics» one can realize that unexpected-
ly huge amount of fundamental information can currently be
extracted from research of cosmic microwave background.
Astrophysical source of very important data for modern par-
ticle physics is inevitable nowadays.
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τ-íåéòðèíî (Ä. Ôàðãèîí, Ðèì). Ñ äðóãîé ñòîðîíû, êîñ-
ìè÷åñêèå íåéòðèíî, âçàèìîäåéñòâóÿ ñ ðåëèêòîâûìè
íåéòðèíî (êîòîðûå, êàê è ðåëèêòîâûå ôîòîíû, çàïîëíÿ-
þò âñå îêðóæàþùåå íàñ ïðîñòðàíñòâî), ñïîñîáíû ïî-
ñðåäñòâîì òàê íàçûâàåìûõ Z-âñïûøåê äàòü îáúÿñíåíèå
êîñìè÷åñêèì ëó÷àì ýêñòðåìàëüíî âûñîêèõ ýíåðãèé
(Ñ. Êàö, Âåíãðèÿ). Áîëåå òîãî, îêàçûâàåòñÿ, ÷òî èç àíà-
ëèçà Z-âñïûøåê ìîæíî îöåíèòü îáëàñòü âîçìîæíûõ
çíà÷åíèé íåéòðèííûõ ìàññ 0,02–2,2 ýÂ, êîòîðàÿ óäèâè-
òåëüíûì îáðàçîì ñîãëàñóåòñÿ ñ íåäàâíèìè îöåíêàìè,
ïîëó÷åííûìè èç äàííûõ êîëëàáîðàöèè Ãåéäåëüáåðã–
Ìîñêâà (H–M) ïî èçìåðåíèþ áåçíåéòðèííîé ìîäû
äâîéíîãî áåòà-ðàñïàäà èçîòîïîâ ãåðìàíèÿ-76. Ïîòîêè
íåéòðèíî îò âñïûøåê ñâåðõíîâûõ òàêæå îñòàþòñÿ â
çîíå ïîñòîÿííîãî òåîðåòè÷åñêîãî èíòåðåñà
(À. Þ. Ñìèðíîâ, Òðèåñò è Ìîñêâà). Ñîâðåìåííûé îá-
çîð òåîðåòè÷åñêîãî ïîíèìàíèÿ âîïðîñîâ ñìåøèâàíèÿ è
ñïåêòðà ìàññ íåéòðèíî ñäåëàë èçâåñòíûé ñïåöèàëèñò â
ýòîé îáëàñòè ïðîô. Ð. Ìîõàïàòðà (Ìýðèëåíä).

Íîâûå ýêñïåðèìåíòàëüíûå ðåçóëüòàòû, êàñàþùèå-
ñÿ âîïðîñà îñöèëëÿöèé ñîëíå÷íûõ è àòìîñôåðíûõ íåé-
òðèíî, áûëè òàêæå äîñòàòî÷íî øèðîêî ïðåäñòàâëåíû íà
êîíôåðåíöèè. Ïðåæäå âñåãî êîëëàáîðàöèÿ SNO — Sud-
bury Neutrino Observatory — äîëîæèëà ðåçóëüòàòû íå-
äàâíåãî àíàëèçà ïðîöåññîâ âçàèìîäåéñòâèÿ ñîëíå÷íûõ
íåéòðèíî ñ òÿæåëîé âîäîé (Ì. Äðàãîâñêèé). Áûë èçìå-

ðåí ïîëíûé ïîòîê àêòèâíûõ (ýëåêòðîííûõ, ìþîííûõ è
òàó) íåéòðèíî, íà îñíîâå êîòîðîãî êîëëàáîðàöèÿ SNO
óòâåðæäàåò, ÷òî íà óðîâíå äîñòîâåðíîñòè â 5,3 ñòàí-
äàðòíûõ îòêëîíåíèÿ èìååò ìåñòî èçìåíåíèå òèïà (áîð-
íûõ) ñîëíå÷íûõ íåéòðèíî. Ñ ó÷åòîì ýòèõ ðåçóëüòàòîâ
ãëîáàëüíûé àíàëèç äàííûõ, êàñàþùèõñÿ íåéòðèííûõ
îñöèëëÿöèé, äàåò ïðåäïî÷òåíèå òàê íàçûâàåìîìó LMA
(ñ áîëüøèì óãëîì ñìåøèâàíèÿ) âàðèàíòó ðåøåíèÿ ïðî-
áëåìû íåéòðèííûõ îñöèëëÿöèé.

Äîñòàòî÷íî øèðîêî îáñóæäàëîñü ñîâðåìåííîå ñî-
ñòîÿíèå äåë è áëèæàéøèå ïåðñïåêòèâû ýêñïåðèìåíòîâ,
íàïðàâëåííûõ íà äàëüíåéøåå èññëåäîâàíèå íåéòðèí-
íûõ îñöèëëÿöèé (KamLAND, K2K, MACRO, Super-Ka-
miokande è JHF-SK), à òàêæå íîâûå ïðîåêòû òèïà íåé-
òðèííûõ ôàáðèê. Íàïðèìåð, ïðîåêò KamLAND (Ô. Ñó-
åêàíå, Òîõîêó, ßïîíèÿ) ïðåäñòàâëÿåò ñîáîé ðåàêòîðíûé
ýêñïåðèìåíò ïî èññëåäîâàíèþ íåéòðèííûõ îñöèëëÿöèé
íà î÷åíü áîëüøîé áàçå ñ 1000-òîííûì æèäêîñöèíòèëëÿ-
öèîííûì äåòåêòîðîì. Â ýòîì ýêñïåðèìåíòå óæå ïîñëå
ïîëóãîäà íåïðåðûâíûõ èçìåðåíèé áóäåò âîçìîæíî íà-
ïðÿìóþ ïðîâåðèòü LMA-ðåøåíèå è ñ õîðîøåé òî÷íî-
ñòüþ îïðåäåëèòü ïàðàìåòðû îñöèëëÿöèé. Â 2002 ã. ýêñ-
ïåðèìåíò íà÷àë ðàáîòó è óñïåøíî áûëè çàðåãèñòðèðî-
âàíû ïåðâûå íåéòðèííûå âçàèìîäåéñòâèÿ. Ïîñëå
ïðîèñøåäøåé â 2001 ã. àâàðèè âñåõ âîëíóåò ñóäüáà äå-
òåêòîðà Super-Kamiokande. Áûëî îòìå÷åíî, ÷òî â 2002 ã.
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These astrophysical investigations are tightly connect-
ed with the exciting question of neutrino properties. First of
all, with the properties of cosmic high-energy neutrinos, the
study of which allows us to pick up new unique data con-
cerning physics beyond the Standard Model by means of
specific extended air showers generated by energetic tau
cosmic neutrinos (D. Fargion, Rome). On the other hand,
these neutrinos can interact with relic neutrinos producing
Z-bursts which can explain the mysterious origin of ex-
tremely high energy cosmic rays (S. Katz, Eotvos, Hun-
gary). Moreover, the neutrino mass can be estimated in the
range of 0.02–2.2 eV, which fits recent results obtained from
neutrinoless beta decay of germanium in the Heidelberg–
Moscow experiment.

Neutrinos from Supernova are also in the field of cur-
rent theoretical interest and investigations (A. Yu. Smirnov,
Trieste and Moscow).

Undoubtedly, the central topic of this conference was
neutrino physics. Modern understanding and general view

on neutrino masses and mixings were described by the fa-
mous scientist R. N. Mohapatra (Maryland). Consequenses
of the SNO neutral current rate for resolving the solar neutri-
no anomaly and three-neutrino MSW oscillation effects in
terms of the Lehmann mass matrix were analysed by
S. Choubey (UK) and P. Osland (Bergen, Norway) respec-
tively. The Standard Solar Model and modern experimental
observations are discussed by O. K. Manuel (Missouri). Ex-
tended discussion of the experimental achievements in solar
and atmospheric neutrino oscillations experiments were
presented at the conference.

First of all, the Sudbury Neutrino Observatory (SNO)
(M. Dragowsky) presented results from the recent analysis
with pure heavy water target. SNO performed first measure-
ments of total active nuetrino flux and claimed evidence for
neutrino flavour transformation at 5.3 sigma level. Global
neutrino oscillation analysis favours the large mixing angle
(LMA) region.

ÊÎÍÔÅÐÅÍÖÈÈ. ÑÎÂÅÙÀÍÈß
CONFERENCES. MEETINGS



íà÷àëèñü ðàáîòû ïî ðåêîíñòðóêöèè ýòîãî óíèêàëüíîãî
ôèçè÷åñêîãî ïðèáîðà è ïîëíîå åãî âîññòàíîâëåíèå â
óëó÷øåííîé êîíôèãóðàöèè îæèäàåòñÿ äî íàñòóïëåíèÿ
2007 ã. (Ò. Êàäæèòà, Òîêèî). Â âûñòóïëåíèÿõ Ô. Ìàóðè
(Ïàâèÿ) è È. Ãèëü-Áîòåëëà (Öþðèõ) îáñóæäàëèñü ôèçè-
÷åñêèå âîçìîæíîñòè è ïîëîæåíèå äåë íà äðóãîé êðóï-
íîé óñòàíîâêå ICARUS (Imaging Cosmic And Rare Unde-
ground Signals), ñîçäàâàåìîé â ïîäçåìíîé ëàáîðàòîðèè
Ãðàí-Ñàññî (Èòàëèÿ) äëÿ ïðîâåäåíèÿ íåéòðèííûõ ýêñ-
ïåðèìåíòîâ è ïîèñêà ðàñïàäà ïðîòîíà.

Âîïðîñ î ïðèðîäå íåéòðèíî çàíèìàåò öåíòðàëüíîå
ìåñòî íà ëþáîé êîíôåðåíöèè ïî ôèçèêå ÷àñòèö è íîâîé
ôèçèêå. ßâëÿþòñÿ ëè ýòè çàãàäî÷íûå îáúåêòû ìàéîðà-
íîâñêèìè èëè äèðàêîâñêèìè ÷àñòèöàìè è äåéñòâèòåëü-
íî ëè îíè îáëàäàþò íåíóëåâûìè çíà÷åíèÿìè ìàññ? Ïî-
ñêîëüêó ýòè âîïðîñû èìåþò êðàéíå âàæíîå çíà÷åíèå,
îñòàíîâèìñÿ íà èõ îáñóæäåíèè íåñêîëüêî ïîäðîáíåå.
Äëÿ ïîèñêà îòâåòîâ íà íèõ (ïî êðàéíåé ìåðå â íàñòîÿ-
ùåå âðåìÿ) íåëüçÿ îáîéòèñü áåç èññëåäîâàíèÿ òàê íàçû-
âàåìîãî áåçíåéòðèííîãî äâîéíîãî áåòà-ðàñïàäà ÿäåð.
Ýòîò êðàéíå ðåäêèé ïðîöåññ íå ìîæåò èìåòü ìåñòî â
ðàìêàõ ñòàíäàðòíîé ìîäåëè, ãäå íåéòðèíî — áåçìàññî-
âûå ÷àñòèöû. Â êîíöå 2001 ã. ïðîô. Ã. Êëàïäîð-Êëÿéí-
ãðîòõàóç (ñ ñîòðóäíèêàìè èç Èíñòèòóòà ÿäåðíîé ôèçèêè
Ìàêñà Ïëàíêà, Ãåéäåëüáåðã) âïåðâûå îïóáëèêîâàë ðà-
áîòó, â êîòîðîé ïðèâîäèë ïîëîæèòåëüíîå ñâèäåòåëüñòâî

â ïîëüçó ñóùåñòâîâàíèÿ íàáëþäàåìîãî åãî ãðóïïîé áåç-
íåéòðèííîãî äâîéíîãî áåòà-ðàñïàäà èçîòîïà ãåðìàíèÿ ñ
àòîìíûì íîìåðîì 76. Ýòî ñâèäåòåëüñòâî áûëî ïîëó÷åíî
íà îñíîâå óíèêàëüíûõ äàííûõ, íàêîïëåííûõ íåìåö-
êî-ðîññèéñêîé êîëëàáîðàöèåé Ãåéäåëüáåðã–Ìîñêâà.
Äàííàÿ ïóáëèêàöèÿ ïîëó÷èëà øèðîêèé è íåîäíîçíà÷-
íûé ðåçîíàíñ ñðåäè íàó÷íîé îáùåñòâåííîñòè, ïîñêîëü-
êó ïîäòâåðæäåíèå ýòîãî ðåçóëüòàòà èìååò, íåñîìíåííî,
áîëåå ôóíäàìåíòàëüíîå çíà÷åíèå äëÿ ñîâðåìåííîé ôè-
çèêè â öåëîì, ÷åì, ñêàæåì, îáíàðóæåíèå Z(W)-áîçîíîâ
èëè òîï-êâàðêîâ. Äîñòàòî÷íî ñêàçàòü, ÷òî çíàíèå êîí-
êðåòíûõ ñâîéñòâ íåéòðèíî âîñòðåáîâàíî â ÿäåðíîé ôè-
çèêå, ôèçèêå ÷àñòèö, àñòðîôèçèêå è êîñìîëîãèè. Ïî
ýòîé ïðè÷èíå áåçíåéòðèííûé áåòà-ðàñïàä íå ìîã íå îá-
ñóæäàòüñÿ íà òàêîãî ðîäà êîíôåðåíöèè.

Ñíà÷àëà ñîòðóäíèê H–M êîëëàáîðàöèè À. Äèòö èç-
ëîæèë ìàòåìàòè÷åñêèå îñíîâû ïîäõîäà ê ïðîáëåìå àíà-
ëèçà ðåäêèõ ïðîöåññîâ íà ìàëîé ñòàòèñòèêå. Çàòåì áûëà
ïðåäñòàâëåíà ìåòîäèêà ïðåöèçèîííîãî îïðåäåëåíèÿ òàê
íàçûâàåìîãî Q-çíà÷åíèÿ (ïîëíîé ýíåðãèè ðàñïàäà) èçî-
òîïà Ge-76 (È. Áåðãñòåì, Ñòîêãîëüì). Çíàíèå ýòîé ïðå-
öèçèîííîé âåëè÷èíû (2039,005(50) êýÂ) èìååò êëþ÷å-
âîå çíà÷åíèå â ïðîöåäóðå íàõîæäåíèÿ ñîîòâåòñòâóþùå-
ãî ñèãíàëà. Èçâåñòíî, ÷òî äëÿ èçâëå÷åíèÿ èç äàííûõ
ñîáñòâåííî çíà÷åíèÿ ìàññû íåéòðèíî íåîáõîäèìû ÿäåð-
íûå ìàòðè÷íûå ýëåìåíòû. Ýòîò âàæíûé âîïðîñ âñåñòî-
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Running status and prospects for new near-future neu-

trino oscillation experiments KamLAND, K2K, MACRO,

Super-Kamiokande and new facilities like neutrino factories

and JHF-SK project are presented and discussed. For exam-

ple, KamLAND (F. Suekane, Tohoku, Japan) is a very long

baseline reactor neutrino oscillation experiment (with

1000-t liquid scintillator detector), which is able directly to

test MSW-LMA solution only with half-year data and deter-

mine oscillation parameters with very high accuracy if the

LMA case is true. The experiment strarted data taking in

2002 and first neutrino events are successfully recorded. Re-

building of the Super-Kamiokande detector was started in

2002 and full reconstruction is expected before 2007 (T. Ka-

jita, Tokyo). Physics potential and status of the second-gen-

eration proton decay and neutrino experiment for the Gran

Sasso Laoboratory (Italy) named ICARUS (Imaging Cos-

mic And Rare Undeground Signals) were discussed by F.

Mauri (Pavia) and I. Gil-Botella (Zurich).

The nature of neutrinos is an exciting problem. Are
these most mysterious objects Dirac or Majorana particles
and have they really nonzero masses? One of the best tools
to find the answer is neutrinoless double beta decay experi-
ments. Recently claimed by the team of H. V. Klapdor-
Kleingrothaus (MPI-K, Heidelberg) evidence of observa-
tion of neutrinoless double beta decay of Ge-76 isotope on
the basis of unique data of the H–M collaboration has huge
resonance among scientists.

The question inevitably took the central part in discus-
sions of the subject at this conference. First of all, the mathe-
matical approach to accurate treatment of statistics of rare
events used by this collaboration was presented by A. Dietz.
Second, the crucial for this analysis, very accurate data on
the Q-value of the Ge-76 double beta decay (as well as of tri-
tium beta decay) determined from accurate mass measure-
ments in a «penning trap» were given in the talk of
I. Bergstrom (Stockholm). It is well known that nuclear ma-
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ðîííå áûë èçëîæåí â äîêëàäå Ô. Øèìêîâèöà (Áðàòèñëà-
âà). Ëèäåð êîëëàáîðàöèè H–M ïðîô. Ã. Êëàïäîð-Êëÿéí-
ãðîòõàóç òàêæå âûñòóïèë ñ äîêëàäîì, â êîòîðîì ïîìèìî
âñåñòîðîííåãî îáñóæäåíèÿ ñàìîé ïðîöåäóðû ðåãèñòðà-
öèè áåçíåéòðèííîé ìîäû ðàñïàäà îáñóæäàëèñü ïåð-
ñïåêòèâû áóäóùèõ ýêñïåðèìåíòîâ â äàííîé îáëàñòè. Ïî
âñåé âèäèìîñòè, ýðà íåáîëüøèõ «íàñòîëüíûõ» ýêñïåðè-
ìåíòîâ ïðîøëà è áóäóùåå çà íîâûìè íèçêîôîíîâûìè
äåòåêòîðàìè ñ (ìàêñèìàëüíî) áîëüøîé ìàññîé äåòåêòè-
ðóþùåãî ìàòåðèàëà. Äåéñòâèòåëüíî, ýêñïåðèìåíò H–M
óñïåøíî ðàáîòàåò óæå áîëåå 10 ëåò, è â òå÷åíèå ïîñëåä-
íèõ 9 ëåò, ïî îáùåìó ìíåíèþ, ÿâëÿåòñÿ íåïðåâçîéäåí-
íûì ëèäåðîì â îáëàñòè ôèçèêè áåçíåéòðèííîãî áåòà-
ðàñïàäà. Ñðåäè ïðîâîäÿùèõñÿ â íàñòîÿùåå âðåìÿ ýêñïå-
ðèìåíòîâ (ïî òðàäèöèîííîé òåõíîëîãèè) íå íàéäåòñÿ íè
îäíîãî, êîòîðûé áûë áû â ñîñòîÿíèè ñîñòàâèòü êîíêó-
ðåíöèþ ýêñïåðèìåíòó H–M è â ðàçóìíîå âðåìÿ
(10–20 ëåò) íàáðàòü ñðàâíèìóþ ïî îáúåìó ñòàòèñòèêó
äàííûõ. Â óñòàíîâêó H–M âõîäÿò ïÿòü ñâåðõ÷èñòûõ äå-
òåêòîðîâ ïðîìûøëåííîãî ïðîèçâîäñòâà ñ ïîëíîé ìàñ-
ñîé 11 êã îáîãàùåííîãî íà 86 % èçîòîïà Ge-76. Îíà ðà-
áîòàåò ïðèìåðíî 80 % âðåìåíè â ãîäó, è ñåãîäíÿ ìîù-
íîñòü íàêîïëåííûõ äàííûõ ñîñòàâëÿåò ïðèìåðíî
65 êã·ëåò. ×óâñòâèòåëüíîñòü ãåðìàíèåâûõ äåòåêòîðîâ
3,5 êýÂ. Ýôôåêòèâíîñòü ðàáîòû óñòàíîâêè ïðàêòè÷åñêè
100 %. Îíà ðàñïîëîæåíà â ïîäçåìíîé ëàáîðàòîðèè

Ãðàí-Ñàññî, è óðîâåíü ôîíà ñîñòàâëÿåò 0,17 îòñ÷å-
òîâ/(êã·ãîä·êýÂ).

Âàæíî îòìåòèòü, ÷òî â ýêñïåðèìåíòå H–M èñïîëü-
çóåòñÿ òðàäèöèîííàÿ è õîðîøî ïðîâåðåííàÿ ýêñïåðè-
ìåíòàëüíàÿ ìåòîäèêà, ÷òî îáåñïå÷èâàåò îòíîñèòåëüíî
íèçêóþ ñåáåñòîèìîñòü ýêñïåðèìåíòà è ñòàáèëüíóþ è
äëèòåëüíóþ ðàáîòó ãåðìàíèåâûõ äåòåêòîðîâ. Ïîñëåä-
íåå îáñòîÿòåëüñòâî èìååò ïðèíöèïèàëüíîå çíà÷åíèå â
ýêñïåðèìåíòàõ, íàöåëåííûõ íà îáíàðóæåíèå è íàäåæ-
íóþ ðåãèñòðàöèþ êðàéíå ìàëîãî ÷èñëà ïîëåçíûõ ñîáû-
òèé. Ñàì ýêñïåðèìåíò H–M è îáðàáîòêà ïîëó÷åííûõ
äàííûõ âûãëÿäÿò â íàñòîÿùåå âðåìÿ âåñüìà óáåäèòåëü-
íî. Äîñòàòî÷íî ëèøü îòìåòèòü, ÷òî èçìåðåííûé ñ õîðî-
øèì ðàçðåøåíèåì ñïåêòð ñîäåðæèò áîëåå 1000 ëèíèé,
ïðèðîäà ëèøü íåñêîëüêèõ èç íèõ â íàñòîÿùåå âðåìÿ åùå
íàäåæíî íå îïðåäåëåíà (âîçìîæíî, ýòè òàê íàçûâàåìûå
ãàììà-ëèíèè âîîáùå â äàííîì ýêñïåðèìåíòå áûëè çàðå-
ãèñòðèðîâàíû âïåðâûå). Â íåïîñðåäñòâåííîé áëèçîñòè
îò Q-çíà÷åíèÿ Ge-76 îòñóòñòâóþò äðóãèå ôîíîâûå ëè-
íèè, ñïîñîáíûå ïðèâåñòè ê îøèáî÷íîìó çàêëþ÷åíèþ.
Èñïîëüçîâàíû ðàçëè÷íûå ìåòîäèêè ïîèñêà è èçâëå÷å-
íèÿ ïîëîæèòåëüíîãî ñèãíàëà.

Ïîñêîëüêó íàáðàííàÿ ñòàòèñòèêà íå âåëèêà, à åå
«ðåøàþùåå» óâåëè÷åíèå â èìåþùåéñÿ ïîñòàíîâêå ýêñ-
ïåðèìåíòà íåâîçìîæíî, òî â íàñòîÿùåå âðåìÿ ïðèçíà-
íèå èëè íåïðèçíàíèå ïîëó÷åííîãî ðåçóëüòàòà, ïî ñóùå-
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trix elements play a crucial role for neutrino mass determi-
nation from data on neutrinoless double beta decay.

This important question was described thoroughly by
F. Simkovic (Bratislava). Important new constraints on neu-
trino mixing parameters following from the observation of
neutrinoless double beta decay of H–M collaboration were
also discussed by H. Sugiyama (Tokyo). The spokesperson
of the Heidelberg–Moscow collaboration Prof. H. V. Klap-
dor-Kleingrothaus gave an excellent talk concernig their ev-
idence of neutrinoless beta decay as well as on Majorana
neutrino mass determination and general future for double
beta experiments.

The Heidelberg–Moscow set-up successfully has been
running for more than 10 years and during the last 9 years is
unanimously agreed to be the best experiment in the field of
neutrinoless beta decay. There are no current or planned in
future old-fasioned experiments which could make a com-
petition with H–M and obtain statistics comparable with
H–M in reasonable time. The set-up has 5 industry-pro-

duced high-purity detectors with total mass of 11 kg of en-
riched (86 %) Ge-76 isotope, which work with efficiency
of almost 100 %. It is located in the Gran Sasso unde-
ground laboratory and has a very good background index of
0.17 counts /(kg·y·keV) and the sensitivity (FWHM) of the
germanium detectors is 3.5 keV. It runs about 80% of time
per year with present-day total significance of 65 kg·y. It is
important to note that, due to the traditional and well-tested
experimental technique used for Ge detectors, the experi-
ment is quite cheap and works stably during very long time.
This condition of stable running over a long period is very
important in the case of such extremely low rate experi-
ments.

The experiment looks very reliable. A lot of test analy-
ses with different methods of data evaluation were per-
formed. More than 1000 lines are identified in the vicinity of
Q-value of Ge-76 (2039 keV) with only a couple of lines left
still unknown.

The collaboration has its evidence of observation of the
neutrinoless double beta decay of Ge-76, which with rele-
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ñòâó, ïîëíîñòüþ ñóáúåêòèâíî. Òåì íå ìåíåå ýòî ýôôåêò
íàt óðîâíå 2,3–2,8 ñòàíäàðòíûõ îòêëîíåíèÿ, ò. å. åãî
îáîñíîâàííîñòü íå õóæå, ÷åì îáîñíîâàííîñòü îñöèëëÿ-
öèé àòìîñôåðíûõ íåéòðèíî èëè äåôèöèòà ïîòîêà íåé-
òðèíî îò Ñîëíöà.

Èòàê, èìååòñÿ ïåðâîå ïîëîæèòåëüíîå óêàçàíèå íà
íåíóëåâóþ âåðîÿòíîñòü áåçíåéòðèííîãî äâîéíîãî áå-
òà-ðàñïàäà Ge-76, íà îñíîâå êîòîðîãî ñ ïîìîùüþ ÿäåð-
íûõ ìàòðè÷íûõ ýëåìåíòîâ ìîæíî ïîëó÷èòü îöåíêó òàê
íàçûâàåìîé ýôôåêòèâíîé ìàññû íåéòðèíî â îáëàñòè
0,05–0,84 ýÂ (íà 98 %-ì óðîâíå äîñòîâåðíîñòè). Ïîòåí-
öèàëüíóþ âàæíîñòü ýòîãî ðåçóëüòàòà òðóäíî ïåðåîöå-
íèòü, è ïîñòåïåííî îí ñòàíîâèòñÿ âñå áîëåå èçâåñòíûì.
Êàê óæå îòìå÷àëîñü, íèêàêîé äðóãîé ñîâðåìåííûé ýêñ-
ïåðèìåíò íå ìîæåò ïîäòâåðäèòü èëè íàäåæíî îïðîâåðã-
íóòü ðåçóëüòàò ýêñïåðèìåíòà H–M. Òîëüêî ñàìà ýòà êîë-
ëàáîðàöèÿ ñïîñîáíà ýòî ñäåëàòü ñ ïîìîùüþ ìîäèôèöè-
ðîâàííîé ãåðìàíèåâîé óñòàíîâêè. Ïðè ýòîì íåò
íåîáõîäèìîñòè â íîâîé òåõíîëîãèè è íîâûõ èññëåäîâà-
íèÿõ, íåò íåîáõîäèìîñòè â íîâîì ïðîñòðàíñòâå â ïîä-
çåìíîé ëàáîðàòîðèè, íåîáõîäèìî ëèøü äîïîëíèòåëüíî
50–100 êã ãåðìàíèÿ è ïðèìåðíî òðè ãîäà íåïðåðûâíîé
ðàáîòû. Â ðåçóëüòàòå áóäóò ïîëó÷åíû òàêèå äàííûe, êî-
òîðûå íåäâóñìûñëåííî (ò. å. ñòàòèñòè÷åñêè îáîñíîâàí-
íî) ëèáî îïðîâåðãíóò, ëèáî ïîäòâåðäÿò èìåþùååñÿ â íà-

ñòîÿùåå âðåìÿ ñâèäåòåëüñòâî áåçíåéòðèííîé ìîäû
äâîéíîãî áåòà-ðàñïàäà.

Â ýòîé ñèòóàöèè ïðåäñòàâëÿåòñÿ î÷åíü âàæíûì òî,
÷òî ðîññèéñêèå ó÷åíûå (èç Êóð÷àòîâñêîãî èíñòèòóòà)
íåïîñðåäñòâåííûì îáðàçîì (ïðè÷åì ñ ñàìîãî íà÷àëà)
âîâëå÷åíû â ýòîò óíèêàëüíûé, êàê òåïåðü îêàçàëîñü,
ýêñïåðèìåíò. Îíè èìåþò èñêëþ÷èòåëüíóþ âîçìîæ-
íîñòü áûòü íå òîëüêî ñâèäåòåëÿìè, íî è ó÷àñòíèêàìè
óâëåêàòåëüíîãî ïðîöåññà ðàçðåøåíèÿ çàãàäêè áåçíåé-
òðèííîãî äâîéíîãî áåòà-ðàñïàäà. Îæèäàåìûé ðåçóëüòàò
äîëæåí ïðåâçîéòè âñå îæèäàíèÿ.

Ñ ìîåé òî÷êè çðåíèÿ, âîïðîñ íàó÷íîãî ïðåñòèæà
Ðîññèè — ïðîäîëæèòü äàííûé ýêñïåðèìåíò ñ óëó÷øåí-
íîé óñòàíîâêîé è ïîëó÷èòü â êðàò÷àéøèå ñðîêè ôèçè÷å-
ñêèé ðåçóëüòàò ïåðâîñòåïåííîé âàæíîñòè.

Âîçâðàùàÿñü ê êîíôåðåíöèè ó ïîëÿðíîãî êðóãà,
ìîæíî çàêëþ÷èòü, ÷òî îíà, íåñîìíåííî, âíåñëà ñâîé çà-
ìåòíûé âêëàä â ïëîäîòâîðíûé îáìåí èäåÿìè ìåæäó
ó÷åíûìè, èíòåðåñû êîòîðûõ ëåæàò â îáëàñòè ôèçèêè ÷à-
ñòèö, àñòðîôèçèêè è êîñìîëîãèè. Â ÷àñòíîñòè, â íàñòîÿ-
ùåå âðåìÿ âñå áîëüøå óòâåðæäàåòñÿ ìíåíèå î òîì, ÷òî
íåéòðèíî êàê î÷åíü ìàëûõ ýíåðãèé, òàê è ýêñòðåìàëüíî
âûñîêèõ ýíåðãèé ÿâëÿþòñÿ èìåííî òåìè îáúåêòàìè ôè-
çèêè ýëåìåíòàðíûõ ÷àñòèö, êîòîðûå îáëàäàþò íàèáîëü-
øèì ïîòåíöèàëîì äëÿ íîâûõ óäèâèòåëüíûõ îòêðûòèé.

Â. Áåäíÿêîâ
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vant nuclear matrix elements allows one to fix effective neu-
trino mass in the region of 0.05–0.84 eV (98 % C. L.). At
this moment it is a question of taste or personal will if one
would believe the result or not, but the obtained effect has
2.3–3.0 sigma significance, which is not worse than the sig-
nificance of neutrino oscillations or solar neutrino flux
deficit. The evidence became accepted all over the world.
There are no other experiments in the near future which
would be able to confirm or reliably reject the observation.
Only the H–M collaboration with modified set-up could
verify the evidence in reasonable time. What the collabora-
tion needs is simply extra 50–100 kg of Ge and three years
of permanent data taking; no new technology, no new R&D,
no new space in the Gran Sasso laboratory is needed.

It is remarkable that Russian scientists are involved in
this very promising Heidelberg–Moscow experiment (from
its very beginning) and they have a very good chance not
only to look after but directly participate in the resolving of
this exciting neutrinoless double beta decay puzzle. I strong-
ly believe that it is a question of prestige of Russian science
to hold the experiment running with a modified set-up and to

use such a good chance in quite short time to obtain the
physical result of highest importance.

Doubtlessly, the Conference has made a remarkable
contribution to the fruitful exchange of ideas between the
physicists working in particle, nuclear physics and cosmolo-
gy. More people now believe that neutrinos at extremely low
energies, as well as at extremely high energies are the parti-
cles which can supply us with new exciting discoveries in
future.

V. Bednyakov

The IV Workshop of the ANKE International

Collaboration at the COSY Accelerator

The topic of the workshop was the study of the pro-
ton-deuteron interaction at the ANKE spectrometer. This
magnetic spectrometer, installed at the internal beam of the
COSY storage ring in the Forschungszentrum Jülich (Ger-
many), is a scientific-technical base of the international col-
laboration of physicists from 18 institutes of Germany, Rus-
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4-å ðàáî÷åå ñîâåùàíèå ìåæäóíàðîäíîãî

ñîòðóäíè÷åñòâà ANKE íà óñêîðèòåëå COSY

Òåìîé ñîâåùàíèÿ áûëî èçó÷åíèå ïðîòîí-äåéòðîí-
íûõ âçàèìîäåéñòâèé íà ñïåêòðîìåòðå ANKE. Ýòîò ìàã-
íèòíûé ñïåêòðîìåòð, óñòàíîâëåííûé íà âíóòðåííåì
ïó÷êå íàêîïèòåëüíîãî êîëüöà COSY â Èññëåäîâàòåëü-
ñêîì öåíòðå â Þëèõå (ÔÐÃ), ÿâëÿåòñÿ íàó÷íî-òåõíè÷å-
ñêîé áàçîé ìåæäóíàðîäíîãî ñîòðóäíè÷åñòâà ôèçèêîâ èç
18 èíñòèòóòîâ Ãåðìàíèè, Ðîññèè, Ïîëüøè, Ãðóçèè, Àí-
ãëèè è ÎÈßÈ. Èññëåäîâàíèÿ èìåþò øèðîêèé ñïåêòð,
âêëþ÷àþùèé èçó÷åíèå ðîæäåíèÿ π-, η-, K -, ω-, a0- è
Φ-ìåçîíîâ â ïðîòîí-íóêëîííûõ è ïðîòîí-ÿäåðíûõ ñî-
óäàðåíèÿõ è âçàèìîäåéñòâèÿ ïðîòîíîâ ñ ýíåðãèåé îò 0,5
äî 2,6 ÃýÂ ñ ÿäðàìè. Ñîâåùàíèå áûëî ñêîíöåíòðèðîâà-
íî íà èçó÷åíèè ïðîòîí-äåéòðîííûõ âçàèìîäåéñòâèé
ïðè âûñîêèõ ïåðåäà÷àõ èìïóëüñà îáîèì íóêëîíàì äåé-
òðîíà. Ýòà ïðîáëåìà ÿâëÿåòñÿ òðàäèöèîííîé äëÿ èçó÷å-
íèÿ â ÎÈßÈ, íà÷èíàÿ ñ îòêðûòèé êâàçèóïðóãîãî âûáè-
âàíèÿ äåéòðîíîâ (1957) è êóìóëÿòèâíîãî ýôôåêòà
(1971).

Â ñîâåùàíèè ïðèíÿëè ó÷àñòèå 40 ó÷åíûõ èç Ãåðìà-
íèè, Ðîññèè è Ãðóçèè. Â 23 äîêëàäàõ ðàññìîòðåíû ïåð-
âûå ðåçóëüòàòû ýêñïåðèìåíòîâ è èõ òåîðåòè÷åñêèé àíà-
ëèç, èñïîëüçîâàííàÿ ìåòîäèêà è åe ðàçâèòèå, ïëàíû

äàëüíåéøèõ ðàáîò. Áûëè çàñëóøàíû è äîêëàäû î õîäå
ýêñïåðèìåíòîâ, áëèçêèõ ïî ôèçè÷åñêèì çàäà÷àì èëè
ïðèìåíÿåìîé ìåòîäèêå, íà ðÿäå äðóãèõ óñêîðèòåëåé,
âêëþ÷àÿ äóáíåíñêèå.

Îñíîâíîé òåìîé äîêëàäîâ áûëî ñîñòîÿíèå è ðàçâè-
òèå ýêñïåðèìåíòîâ íà ANKE ïî áåçìåçîííîìó ðàçâàëó
äåéòðîíà ñ èñïóñêàíèåì íóêëîíîâ ñ èìïóëüñîì çà ïðå-
äåëàìè êèíåìàòèêè ñâîáîäíîãî íóêëîí-íóêëîííîãî
ðàññåÿíèÿ. Ïðîâîäèìûå íà ANKE ýêñïåðèìåíòû ñ ïîë-
íûì âîññòàíîâëåíèåì êèíåìàòèêè â êîëëèíåàðíîé ãåî-
ìåòðèè ÿâëÿþòñÿ ïåðâûìè ýêñïåðèìåíòàìè òàêîãî ðîäà.
Ïîýòîìó íåóäèâèòåëåí èíòåðåñ, ïðîÿâëÿåìûé ê ïîëó-
÷åííîé â íàñòîÿùåå âðåìÿ ýíåðãåòè÷åñêîé çàâèñèìîñòè
äèôôåðåíöèàëüíîãî ñå÷åíèÿ èñïóñêàíèÿ âïåðeä äâóõ
áûñòðûõ ïðîòîíîâ ñ ìàëîé îòíîñèòåëüíîé ýíåðãèåé.
Ñðàâíåíèå ýòîé çàâèñèìîñòè ñ ïðåäñêàçàíèåì òåîðåòè-
÷åñêîé ìîäåëè, ðàçðàáîòàííîé â ÎÈßÈ, îáíàðóæèëî íå-
îæèäàííîå ïîâåäåíèå âåðîÿòíîñòè ïðîöåññà ñ ðîñòîì
íà÷àëüíîé ýíåðãèè. Òàê êàê ïðîöåññ íåñeò ïðÿìóþ èí-
ôîðìàöèþ î äèíàìèêå ìàëîíóêëîííûõ ñèñòåì íà ìàëûõ
ðàññòîÿíèÿõ, èìåþùóþ ôóíäàìåíòàëüíûé õàðàêòåð äëÿ
ñîâðåìåííîé ÿäåðíîé ôèçèêè, ó÷àñòíèêè ñîâåùàíèÿ
áûëè åäèíîäóøíû â ïîääåðæêå äàëüíåéøèõ èññëåäîâà-
íèé, â îñîáåííîñòè ñ èñïîëüçîâàíèåì ïîëÿðèçîâàííûõ
ïðîòîíîâ è äåéòðîíîâ. Îñíîâàíèåì äëÿ ýòîãî ÿâëÿåòñÿ
êàê íàëè÷èå ïîëÿðèçîâàííîãî ïðîòîííîãî ïó÷êà íà
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sia, Poland, Georgia, Great Britain and from JINR. The
investigations have a wide range including study of the π-,
η-, K -, ω-, a0-, Φ-meson production in proton-nucleon and
proton-nucleus collisions and of interaction of protons of
0.5–2.6 GeV energy with nuclei. The workshop was cen-
tered on investigation of the proton-deuteron interactions at
high-momentum transfers to both nucleons of the deuteron.
This topic is traditional for research at JINR since the dis-
covery of the quasi-elastic knockout of the fast deuterons
(1957) and the cumulative pion production (1971).

Forty scientists from Germany, Russia and Georgia par-
ticipated in the workshop. First results of the measurements
and their theoretical analysis, the used experimental tech-
nique and its development, prospects for the following work
were considered in 23 talks. Several reports on progress in
the experiments close by their physical tasks or the used
technique, carried out at some other accelerators including
the Dubna ones, were also considered.

The main topic of the talks was status and development
of the ANKE experiments on the deuteron mesonless
breakup with emission of nucleons beyond the kinematical

boundary for the free nucleon-nucleon scattering. The
ANKE experiments carried out with entire reconstruction of
the event kinematics in the collinear geometry are the first
experiments of such kind. Therefore, the obtained recently
energetic dependence of differential cross-section of the for-
ward emission of two fast protons with a small relative ener-
gy has attracted considerable interest. Comparison of the de-
pendence with an expectation of the theoretical model de-
veloped at JINR revealed an unexpected behaviour of the
process probability with increase of the incident energy.
Since the process carries the direct information on dynamics
of the few-nucleon system at short distances, which is of a
fundamental character for the modern nuclear physics, the
workshop participants were unanimous in support of the fol-
lowing research, especially with the use of the polarized
protons and deuterons. A proper base for that is the COSY
operation with the polarized proton beam and the recent de-
velopment of the polarized deuterium target in the Institut
für Kernphysik FZ-Jülich. The commissioning of the target
scheduled for the next year provides unique opportunities



COSY, òàê è ñîçäàíèå â Èíñòèòóòå ÿäåðíîé ôèçèêè ÈÖ â
Þëèõå ïîëÿðèçîâàííîé äåéòåðèåâîé ìèøåíè. Ââîä ìè-
øåíè â ýêñïëóàòàöèþ, ïëàíèðóåìûé íà 2003 ã., ñîçäàcò
ñîòðóäíè÷åñòâó ANKE óíèêàëüíûå âîçìîæíîñòè äëÿ
èññëåäîâàíèÿ àêòóàëüíîé ôèçè÷åñêîé ïðîáëåìû.

Óñïåøíàÿ ðàáîòà ñîâåùàíèÿ ïîäòâåðäèëà ðåçóëüòà-
òèâíîñòü è õîðîøèå íàó÷íûå ïåðñïåêòèâû ñîòðóäíè÷å-
ñòâà ÎÈßÈ ñ Èññëåäîâàòåëüñêèì öåíòðîì â Þëèõå.

Â. È. Êîìàðîâ,

ïðåäñåäàòåëü îðãêîìèòåòà ñîâåùàíèÿ

«ISMD XXXII» â Àëóøòå

Î÷åðåäíîé åæåãîäíûé Ìåæäóíàðîäíûé ñèìïîçèóì
ïî äèíàìèêå ïðîöåññîâ ìíîæåñòâåííîãî ðîæäåíèÿ ýëå-
ìåíòàðíûõ ÷àñòèö «ISMD XXXII», ïðîõîäèë c 7 ïî
13 ñåíòÿáðÿ â ã. Àëóøòå (Êðûì, Óêðàèíà) íà áàçå ïàíñè-
îíàòà «Äóáíà» Îáúåäèíåííîãî èíñòèòóòà ÿäåðíûõ èñ-
ñëåäîâàíèé.

Èñòîðèÿ ñåðèè ISMD íà÷àëàñü áîëåå 30 ëåò òîìó íà-
çàä: 1-é ñèìïîçèóì îòêðûëñÿ â 1970 ã. â Ïàðèæå. Îñíîâ-
íîé òåìàòèêîé ýòèõ ñèìïîçèóìîâ òðàäèöèîííî ÿâëÿþò-
ñÿ ïðîáëåìû ìíîæåñòâåííîãî ðîæäåíèÿ ÷àñòèö â ôèçè-
êå âûñîêèõ ýíåðãèé. Ñèìïîçèóì, èìåþùèé ïîðÿäêîâûé
íîìåð XXXII, âïåðâûå ïðîâîäèëñÿ íà òåððèòîðèè ÑÍÃ

è áûë îðãàíèçîâàí ÎÈßÈ è Èíñòèòóòîì òåîðåòè÷åñêîé
ôèçèêè èì. Í. Í. Áîãîëþáîâà (ÈÒÔ) Íàöèîíàëüíîé
àêàäåìèè íàóê Óêðàèíû. Îðãàíèçàöèîííûé êîìèòåò
âîçãëàâèëè ïðîôåññîð À. Í. Ñèñàêÿí (ÎÈßÈ) — ïðåä-
ñåäàòåëü è ïðîôåññîð Ë. Åíêîâñêèé (ÈÒÔ) — ñîïðåäñå-
äàòåëü.

Â ñèìïîçèóìå 2002 ã. ïðèíÿëè ó÷àñòèå áîëåå 100
ó÷åíûõ èç 20 ñòðàí ìèðà, à òàêæå èç ÖÅÐÍ è ÎÈßÈ. Íà-
ó÷íàÿ òåìàòèêà îõâàòûâàëà øèðîêèé ñïåêòð àêòóàëüíûõ
ïðîáëåì â ôèçèêå ðîæäåíèÿ ýëåìåíòàðíûõ ÷àñòèö:
ôëóêòóàöèè è êîððåëÿöèè ÷àñòèö, ïðîöåññû äèôðàêöèè,
ìÿãêèå è æåñòêèå ïðîöåññû â êâàíòîâîé õðîìîäèíàìè-
êå, ôèçèêà òÿæåëûõ èîíîâ, ðîæäåíèå ÷àñòèö ñ áîëüøîé
ìíîæåñòâåííîñòüþ, êîñìîëîãè÷åñêèå ïðîáëåìû ðàñ-
ïðîñòðàíåíèÿ ýëåìåíòàðíûõ ÷àñòèö â àñòðîôèçèêå. Îíà
íàøëà ñâîå îòðàæåíèå â 80 íàó÷íûõ äîêëàäàõ, ñäåëàí-
íûõ ó÷àñòíèêàìè ñèìïîçèóìà. Îáçîðíûå äîêëàäû áûëè
ïðåäñòàâëåíû ïðîôåññîðàìè Ð. Ëåäíèöêèì (ÎÈßÈ),
Í. Íèêîëàåâûì (Ðîññèÿ/Ãåðìàíèÿ), Ä. Øèðêîâûì
(ÎÈßÈ), Ä. Äàíëîïîì (ÑØÀ), Ô. Àíòèíîðè (Èòàëèÿ),
È. Ìàíäæàâèäçå (ÎÈßÈ), È. Äðåìèíûì (Ðîññèÿ).

Íàó÷íàÿ ïðîãðàììà «ISMD XXXII» îòêðûëàñü ñïå-
öèàëüíîé ìåìîðèàëüíîé ñåññèåé, ïîñâÿùåííîé ïàìÿòè
ïðîôåññîðà Áî Àíäåðñîíà, âûäàþùåãîñÿ ó÷åíîãî èç
Øâåöèè, îäíîãî èç àêòèâíûõ îðãàíèçàòîðîâ è ó÷àñòíè-
êîâ öåëîãî ðÿäà ISMD, ñêîí÷àâøåãîñÿ âíåçàïíî â ìàðòå
2002 ã. Ñ äîêëàäîì î òâîð÷åñêîì ïóòè ïðîôåññîðà
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for the ANKE collaboration in research of the topical physi-
cal problem.

The successful course of the workshop has confirmed
the effectiveness and good scientific prospects of the JINR
and FZ-Jülich cooperation.

V. I. Komarov,

Chairman of the Organizing Committee

ISMD XXXII in Alushta

The annual 32nd International Symposium on Multi-
particle Dynamics, ISMD XXXII, was held on 7–13 Sep-
tember in Alushta (the Crimea, the Ukraine), at the «Dubna»
guest house of the Joint Institute for Nuclear Research.

The history of the ISMD series started 30 years ago,
when the 1st Symposium opened in Paris in 1970. The tradi-
tional topic of the symposia is the multiple production of
particles in high-energy physics. Symposium number
XXXII was held for the first time on the territory of CIS and
was organized by JINR and the N. Bogoliubov Institute of

Theoretical Physics (ITP) of the National Academy of Sci-
ences of the Ukraine. The Organizing Committee was head-
ed by Professor A. Sissakian (JINR) as Chairman and
Professor L. Jenkowski (ITP) as Co-chairman.

More than a hundred scientists from 20 countries took
part in the Symposium 2002’, as well as those from CERN
and JINR. The scientific themes covered a wide range of
modern problems in elementary particle production physics,
i. e., fluctuations and particle correlations, diffraction
processes, soft and hard processes in quantum chromody-
namics, heavy ion physics, particle production with large
multiplicity, cosmological problems in astrophysics, etc.
They were reflected in 80 reports by the Symposium partici-
pants. Professors R. Lednitsky (JINR), D. Dunlop (USA),
F. Antinori (Italy), J. Manjavidze (JINR) and I. Dremin
(Russia) presented review reports.

The ISMD XXXII scientific programme was opened
with a special memorial session dedicated to the memory of
Professor Bo Anderson, an outstanding Swedish scientist,
one of the active organizers and participants of ISMD
events, who died suddenly in March, 2002. Professors
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Àëóøòà (Êðûì), 7–13 ñåíòÿáðÿ.
ÕÕÕII Ìåæäóíàðîäíûé ñèìïîçèóì
ïî äèíàìèêå ïðîöåññîâ ìíîæåñòâåííîãî
ðîæäåíèÿ ÷àñòèö

Alushta (Crimea), 7–13 September.
The XXXII International Symposium
on Multiparticle Dynamics
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Á. Àíäåðñîíà, åãî ïîñëåäíèõ íàó÷íûõ ðàáîòàõ è èäåÿõ
âûñòóïèëè ïðîôåññîðà Ã. Ãóñòàôñîí (Øâåöèÿ), Ì. Ñåé-
ìóð (Âåëèêîáðèòàíèÿ), Ô. Ñîäåðáåðã (Øâåöèÿ) è
À. Äå Àíãåëèñ (Èòàëèÿ).

Âàæíîé ÷àñòüþ ñîîáùåíèé ó÷åíûõ ÿâèëèñü íåñî-
ìíåííûå óñïåõè â ôèçèêå òÿæåëûõ èîíîâ (SPS, ÖÅÐÍ;
RHIC, ÑØÀ), à òàêæå óãëóáëåííûé àíàëèç äàííûõ, ïî-
ëó÷åííûõ â ýêñïåðèìåíòàõ íà LEP (ÖÅÐÍ). Áûëî îòìå-
÷åíî, ÷òî â ñîâðåìåííîé ôèçèêå íàèáîëåå âàæíûì ÿâëÿ-
åòñÿ òåîðåòè÷åñêîå îñìûñëåíèå ïðîáëåì, ñâÿçàííûõ ñ
ðîæäåíèåì ÷àñòèö ïðè î÷åíü áîëüøèõ ìíîæåñòâåííî-
ñòÿõ (äîêë. È. Ìàíäæàâèäçå, À. Ñèñàêÿí, Ë. Åíêîâ-
ñêèé), è îáîñíîâàíèå ïðåäëîæåíèé ïî ïîäãîòîâêå íî-
âûõ ýêñïåðèìåíòîâ íà óñêîðèòåëÿõ Ó-70, Ðîññèÿ (äîêë.
Â. À. Íèêèòèí); LHC, ÖÅÐÍ (äîêë. Þ. Êóëü÷èöêèé) è
òýâàòðîíå, ÑØÀ (äîêë. À. Êîðûòîâ). Áîëüøîé èíòåðåñ
âûçâàëè äîêëàäû, ñâÿçàííûå ñ ïðîáëåìàìè ñèëüíûõ
âçàèìîäåéñòâèé è äèôðàêöèè â ñîâðåìåííîé ôèçèêå
ýëåìåíòàðíûõ ÷àñòèö (Ä. Øèðêîâ (ÎÈßÈ), Í. Íèêîëà-
åâ, Ë. Ëèïàòîâ, À. Êàéäàëîâ, Â. Ôàäèí (Ðîññèÿ), Ë. Ëàé-
êîê (Âåëèêîáðèòàíèÿ)). Íîâûé âçãëÿä íà âîïðîñû òåð-
ìàëèçàöèè ïðîöåññîâ ïðè âçàèìîäåéñòâèè àäðîíîâ ïðè
âûñîêèõ ýíåðãèÿõ ïðåäñòàâëåí â äîêëàäå À. Ñèñàêÿíà
(ÎÈßÈ). Çàêëþ÷èòåëüíûå äîêëàäû ïî èòîãàì ñèìïîçè-

óìà ñäåëàëè Â. Êóâøèíîâ (Áåëîðóññèÿ) è À. Êîðûòîâ
(ÑØÀ).

Òðàäèöèîííî èòîãè î÷åðåäíîãî ñèìïîçèóìà ïîäâåë
êîìèòåò ñòàðåéøèí, ñîñòîÿùèé èç ìåæäóíàðîäíîãî ñî-
îáùåñòâà ó÷åíûõ, ñòîÿâøèõ ó èñòîêîâ ISMD è àêòèâíî
âëèÿþùèõ íà íàó÷íóþ íàïðàâëåííîñòü ýòèõ âñòðå÷. Íà
çàñåäàíèè êîìèòåòà, êîòîðûé ïðîøåë ïîä ðóêîâîäñòâîì
ïðîôåññîðà Í. Øìèòöà (Ãåðìàíèÿ), âûñòóïèë ïðîôåñ-
ñîð À. Ñèñàêÿí (ÎÈßÈ). Êîìèòåò îòìåòèë âûñîêèé íà-
ó÷íûé óðîâåíü ïðåäñòàâëåííûõ íà ñèìïîçèóìå äîêëà-
äîâ è õîðîøóþ ïðîôåññèîíàëüíóþ îðãàíèçàöèþ
«ISMD XXXII» â öåëîì.

Ñèìïîçèóì ïðîâîäèëñÿ ïðè ôèíàíñîâîé ïîääåðæêå
ÞÍÅÑÊÎ, Ðîññèéñêîãî ôîíäà ôóíäàìåíòàëüíûõ èñ-
ñëåäîâàíèé, Ìèíèñòåðñòâà îáðàçîâàíèÿ ÐÔ è ïðîãðàì-
ìû «Áîãîëþáîâ–Èíôåëüä».

Êîìèòåò ñòàðåéøèí ïðèíÿë ðåøåíèå î íåîáõîäèìî-
ñòè ïðîäîëæåíèÿ òðàäèöèé ïðîâåäåíèÿ ISMD è óòâåð-
äèë ñòðàíó-îðãàíèçàòîðà íà 2003 ã. Î÷åðåäíîé, 33-é
ñèìïîçèóì áóäåò ïðîõîäèòü â ñåíòÿáðå 2003 ã. â Êðàêîâå
(Ïîëüøà).

Ã. À. Êîçëîâ,

Á. Ì. Ñòàð÷åíêî
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G. Gustafson (Sweden), M. Samure (Great Britain),
F. Soderberg (Sweden) and A. De Angelis (Italy) made re-
ports on his scientific heritage, latest works and ideas.

An important part of the Symposium was dedicated to
the obvious success in heavy-ion physics (SPS, CERN;
RHIC, USA), and deep analysis of the data obtained in LEP
(CERN) experiments. It was marked that theoretical percep-
tion of the problems tied to particle production at very high
multiplicities is very important in modern physics (reports
by J. Manjavidze, A. Sissakian, L. Jenkowski), together
with a foundation of proposals to prepare new experiments
at the following accelerators: U-70, Russia (V. Nikitin);
LHC, CERN (Yu. Kulchitsky), and Tevatron, the USA
(A. Korytov). Great interest was aroused by the reports
about problems of strong interactions and diffraction in
modern physics of elementary particles, presented by
D. Shirkov (JINR), N. Nikolaev, L. Lipatov, A. Kaidalov,
V. Fadin (Russia), L. Licock (Great Britain). A new vision
of thermolization questions in hadron interactions at high
energies was given by A. Sissakian (JINR). V. Kuvshinov
(Belarus) and A. Korytov (USA) made concluding reports.

Traditionally, conclusions of the current Symposium
were made by the Council of Elders, which includes an in-

ternational community of scientists who initiated ISMD
events and actively influence their scientific agenda. Profes-
sor A. Sissakian (JINR) spoke at the Council meeting,
which was held under the chairmanship of Professor
H. Schmits (Germany). The Council marked the high scien-
tific level of the reports and good organization of the Sym-
posium on the whole.

The Symposium was financially supported by
UNESCO, the Russian Foundation for Basic Research, the
RF Ministry of Industry, Science and Technology, and Bo-
goliubov–Infeld programme.

As a result of the meeting, the Council of Elders took a
decision to continue the tradition of ISDM symposia and
adopted the country-organizer in 2003. The 33rd Sympo-
sium is planned to be held in 2003 in Cracow (Poland).

G. Kozlov,

B. Starchenko

ÊÎÍÔÅÐÅÍÖÈÈ. ÑÎÂÅÙÀÍÈß
CONFERENCES. MEETINGS
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ÊÐÀÒÊÈÅ ÁÈÎÃÐÀÔÈÈ
SHORT BIOGRAPHIES

Çàìåñòèòåëü äèðåêòîðà Ëàáîðàòîðèè

íåéòðîííîé ôèçèêè èì. È. Ì. Ôðàíêà

Í. Ïîïà

Íèêîëàå Ïîïà — êàíäèäàò ôèçèêî-ìàòå-
ìàòè÷åñêèõ íàóê.

Äàòà è ìåñòî ðîæäåíèÿ:

17 äåêàáðÿ 1945 ã., Äåäóëåøòû, Ðóìûíèÿ.

Îáðàçîâàíèå:

1963–1968 Áóõàðåñòñêèé óíèâåðñèòåò, ôèçè-
÷åñêèé ôàêóëüòåò.

1988 Êàíäèäàò ôèçèêî-ìàòåìàòè÷åñêèõ
íàóê.

Ïðîôåññèîíàëüíàÿ äåÿòåëüíîñòü:

1968–1977 Àññèñòåíò, íàó÷íûé ñîòðóäíèê,
Èíñòèòóò àòîìíîé ôèçèêè, Áóõàðåñò.

1977–1981 Íàó÷íûé ñîòðóäíèê Èíñòèòóòà
ÿäåðíûõ ðåàêòîðîâ, Ïèòåøòû, Ðóìû-
íèÿ.

1981–1987 Íàó÷íûé ñîòðóäíèê Ëàáîðàòîðèè
íåéòðîííîé ôèçèêè ÎÈßÈ.

1987–1989 Ñòàðøèé íàó÷íûé ñîòðóäíèê Èí-
ñòèòóòà ôèçèêè è òåõíîëîãèè ìàòåðèà-
ëîâ, Áóõàðåñò.

1989–1990 Ñòàðøèé íàó÷íûé ñîòðóäíèê Èíñòèòóòà ôèçè-
êè è ÿäåðíîãî èíæèíèðèíãà, Áóõàðåñò.

1990–2000 Ñòàðøèé íàó÷íûé ñîòðóäíèê Èíñòèòóòà ôèçè-
êè è òåõíîëîãèè ìàòåðèàëîâ, Áóõàðåñò.

2000–2001 Ïðèãëàøåííûé èññëåäîâàòåëü, Íàöèîíàëüíûé
èíñòèòóò ñòàíäàðòîâ, Áîóëäåð, Êîëîðàäî, ÑØÀ.

2001–2002 Ñòàðøèé íàó÷íûé ñîòðóäíèê Èíñòèòóòà ôèçè-
êè ìàòåðèàëîâ, Áóõàðåñò.

Íàó÷íûå èíòåðåñû:

Êðèñòàëëîãðàôèÿ, ðàññåÿíèå íåéòðîíîâ, ÷èñëåííûé àíà-
ëèç.

Íàó÷íûå òðóäû:

Àâòîð 40 ðàáîò.

N. Popa

Deputy Director of the

Frank Laboratory of Neutron Physics

Nicolae Popa, Ph. D. (Phys. and Math.)

Born:

17 December 1945 in Dedulesti, Romania

Education:

1963–1968 Bucharest University, Faculty
of Physics

1988 Ph. D. (Phys. and Math.)

Professional career:

1968–1970 Research Assistant, Research
Scientist, Institute of Atomic Physics,
Bucharest

1977–1981 Research Scientist, Institute for
Nuclear Power Reactors, Pitesti,
Romania

1981–1987 Research Scientist, Laboratory
of Neutron Physics, Joint Institute for
Nuclear Research

1987–1989 Senior Research Scientist,
Institute of Physics and Technology

of Materials, Bucharest
1989–1990 Senior Research Scientist, Institute of Physics and

Nuclear Engineering, Bucharest
1990–2000 Senior Research Scientist, Institute of Physics and

Technology of Materials (now National Institute for Ma-
terials Physics), Bucharest

2000–2001 Guest Researcher, National Institute of Standards
and Technology, Boulder, Colorado, USA

2001–2002 Senior Research Scientist, National Institute for
Materials Physics, Bucharest

Research interests:

Neutron scattering, x-ray crystallography, numerical analysis

Publications:

Author of 40 papers.

Â ïðåäûäóùåì âûïóñêå «Íîâîñòåé ÎÈßÈ»
(2002. ¹ 3. Ñ. 61) â ðàçäåëå «Êðàòêèå áèîãðàôèè»
âìåñòî ôîòîãðàôèè çàìåñòèòåëÿ äèðåêòîðà Ëàáîðà-
òîðèè íåéòðîííîé ôèçèêè èì. È. Ì. Ôðàíêà Íèêî-
ëàå Ïîïû ñîñòàâèòåëè îøèáî÷íî ïîìåñòèëè ôîòî
äðóãîãî ðóìûíñêîãî ó÷åíîãî. Èñïðàâëÿåì ýòî äî-
ñàäíîå íåäîðàçóìåíèå è ïðèíîñèì ñâîè èçâèíåíèÿ.

The short biography of Deputy Director of the
Frank Laboratory of Neutron Physics Nicolae Popa,
published in the previous «JINR News» issue (2002.
No 3. P. 61), was by mistake accompanied with the
photograph of another Romanian scientist. We ex-
press our apologies to all concerned and correct this
unfortunate misprint.



� Ñèíõðîòðîííûé èñòî÷íèê ÎÈßÈ: ïåðñïåêòèâû èñ-
ñëåäîâàíèé: Ìàòåðèàëû âòîðîãî ìåæäóíàðîäíîãî ðà-
áî÷åãî ñîâåùàíèÿ, Äóáíà, 2–6 àïð. 2001 ã. / Îáù. ðåä.:
È. Í. Ìåøêîâ, Â. Â. Ìèõàéëèí è Ã. Ä. Øèðêîâ. —
Äóáíà: ÎÈßÈ, 2002. — 157 ñ.: èë. — (ÎÈßÈ,
Ä9-2001-271). — Áèáëèîãð.: â êîíöå ðàáîò.
Synchrotron Radiation Source: Perspectives of Re-
search: Proc. of the 2nd International Workshop, Dubna,
2–6 April 2001 / Under gen. red. of I. M. Meshkov,
V. V. Mikhailin and G. D. Shirkov. — Dubna: JINR,
2002. — 157 p.: ill. — (JINR, D9-2001-271). — Bibli-
ogr.: ends of papers.

� Relativistic Nuclear Physics: from Hundreds of MeV to
TeV: Proc. of the International Workshop, Varna, Bulgar-
ia, Sept. 10–16, 2001. In 2 v. — Dubna: JINR, 2001. —
V. 1. — 300 ð. — (JINR, E1,2-2001-290). — Bibliogr.:
ends of papers.

� Relativistic Nuclear Physics: from Hundreds of MeV to
TeV: Proc. of the International Workshop, Varna, Bulgar-
ia, Sept. 10–16, 2001. In 2 v. — Dubna: JINR, 2001. —
V. 2. — 275 p.: photos. — (JINR, E1,2-2001-290). —
Bibliogr.: ends of papers.

� Perspectives of Nuclear Structure and Nuclear Reac-
tions: Collection of papers, dedicated to the 60th anniver-
sary of the birthday of Rostislav Jolos. — Dubna: JINR,
2002. — 112 p.: ill. — (JINR, E4-2002-66). — Bibliogr.
of R. Jolos: p. 5–17.

� Nucleation Theory and Applications / Eds.:
J. W. S. Schmelzer et al. — Dubna: JINR, 2002. — XIII,
513 p.: ill. — (JINR, E7,17-2002-135). — Bibliogr.: ends
of papers. — Contains overviews on problems which
have been discussed at the research workshop «Nucle-
ation and Applications» at JINR in Dubna (2000–2002).

� Workshop on High Energy Spin Physics (SPIN ’01) (9;
2001; Dubna): Proc. ..., Dubna, Aug. 2–7, 2001 / Eds.:
A. V. Efremov and O. B. Teryaev. — Dubna: JINR,
2002. — 389 p.: ill. — (JINR, E1,2-2002-103). — Bibli-
ogr.: ends of papers.

� Nuclear Electronics & Computing (NEC’2001) (18;
2001; Varna): Proc. of the International Symposium, Var-
na, Bulgaria, Sept. 12–18, 2001. — Dubna: JINR,
2002. — IV, 261 p.: ill. — (JINR, D10,11-2002-28). —
Bibliogr.: ends of papers.

� Computer Algebra and its Application to Physics
(CAAP-2001): Proc. of the International Workshop,
Dubna, Russia, June 28–30, 2001 / Ed.: V. P. Gerdt. —
Dubna: JINR, 2002. — 359 p.: ill. — (JINR,
E5,11-2001-279). — Bibliogr.: ends of papers.

� Ïðîáëåìû áèîõèìèè, ðàäèàöèîííîé è êîñìè÷åñêîé
áèîëîãèè: Ìåæäóíàðîäíûé ñèìïîçèóì ïîä ýãèäîé
ÞÍÅÑÊÎ, ïîñâÿù. ïàìÿòè àêàä. Í. Ì. Ñèñàêÿíà (2;
2001; Ìîñêâà, Äóáíà). Ñèñàêÿíîâñêèå ÷òåíèÿ (2;
2001; Ìîñêâà, Äóáíà): Òðóäû: Â 2 ò. — Äóáíà: ÎÈßÈ,
2002. — Ò. 1. — 249 ñ.: èë. — (ÎÈßÈ, Ä19-2002-95).

� Problems of Biochemistry, Radiation and Space Biology:
II Intern. Symp. under the auspices of UNESCO, dedi-
cated to the memory of Acad. N. Sissakian (2; 2001;
Moscow, Dubna). Sissakian Readings (2; 2001; Moscow,
Dubna): Proc.: In 2 v. — Dubna: JINR, 2002. — V. 1.
—249 p.: ill. — (JINR, D19-2002-95).

� Ïðîáëåìû áèîõèìèè, ðàäèàöèîííîé è êîñìè÷åñêîé
áèîëîãèè: Ìåæäóíàðîäíûé ñèìïîçèóì ïîä ýãèäîé
ÞÍÅÑÊÎ, ïîñâÿù. ïàìÿòè àêàä. Í. Ì. Ñèñàêÿíà (2;
2001; Ìîñêâà, Äóáíà). Ñèñàêÿíîâñêèå ÷òåíèÿ (2;
2001; Ìîñêâà, Äóáíà): Òðóäû: Â 2 ò. — Äóáíà: ÎÈßÈ,
2002. — T. 2. — 218 c., [9] c. ôîòî. — (ÎÈßÈ,
Ä19-2002-95).

� Problems of Biochemistry, Radiation and Space Biology:
II Intern. Symp. under the auspices of UNESCO, dedi-
cated to the memory of Acad. N. Sissakian (2; 2001;
Moscow, Dubna). Sissakian Readings (2; 2001; Moscow,
Dubna): Proc.: In 2 v. — Dubna; JINR, 2002. — V. 2. —
218 p., [9] p. photos. — (JINR, D19-2002-95).

� Íàó÷íûé ñåìèíàð ïàìÿòè Â. Ï. Ñàðàíöåâà (4; 2001;
Äóáíà): Òðóäû... (Äóáíà, 26–28 ñåíòÿáðÿ 2001 ã.). —
Äóáíà: ÎÈßÈ, 2002. — 263 ñ.: èë. — (ÎÈßÈ,
Ä9-2002-23).
Scientific Seminar in Memory of V. P. Sarantsev (4;
2001; Dubna): Proceedings... (Dubna, September 26–28,
2001). — Dubna: JINR, 2002. — 263 p.: ill. — (JINR,
D9-2002-23).

� Nuclear Physics Methods and Accelerators in Biology
and Medicine: Proceedings of International Student
Shcool (Dubna, June 27 – July 11, 2001). — Dubna:
JINR, 2002. — 221 p., 16 p. photos. — (JINR,
E18-2002-88).
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� Ýëåêòðîííûå áèáëèîòåêè: ïåðñïåêòèâíûå ìåòîäû è
òåõíîëîãèè, ýëåêòðîííûå êîëëåêöèè: Òðóäû ×åòâåð-
òîé Âñåðîññèéñêîé íàó÷íîé êîíôåðåíöèè RCDL’
2002 (Äóáíà, 15–17 îêòÿáðÿ 2002 ã.): Â 2 ò. — Äóáíà:
ÎÈßÈ, 2002. — Ò. 1. — 335 ñ. — (ÎÈßÈ, Ä10,
11-2002-208).
Digital Libraries: Advanced Methods and Technologies,
Digital Collections: Proceedings of the Fourth
All-Russian Scientific Conference RCDL’2002 (Dubna,
October 15–17, 2002): In 2 v. — Dubna: JINR, 2002. —
V. 1. —335 p. — (JINR, D10,11-2002-208).

� Ýëåêòðîííûå áèáëèîòåêè: ïåðñïåêòèâíûå ìåòîäû è
òåõíîëîãèè, ýëåêòðîííûå êîëëåêöèè: Òðóäû ×åòâåð-
òîé Âñåðîññèéñêîé íàó÷íîé êîíôåðåíöèè RCDL’
2002 (Äóáíà, 15–17 îêòÿáðÿ 2002 ã.): Â 2 ò. — Äóáíà:

ÎÈßÈ, 2002. — T. 2. — 371 c. — (ÎÈßÈ, Ä10,
11-2002-208).
Digital Libraries: Advanced Methods and Technologies,
Digital Collections: Proceedings of the Fourth
All-Russian Scientific Conference RCDL’2002 (Dubna,
October 15–17, 2002): In 2 v. — Dubna: JINR, 2002. —
V. 2. —371 p. — (JINR, D10,11-2002-208).

� Ñàìîéëîâ Â. Í. Òåîðåòèêî-ïîëåâîé àíàëèç ñëîæíûõ
ñèñòåì. — Äóáíà: ÎÈßÈ, 2002. — 330 ñ.: èë.
Samoilov V. N. Field-theoretical Analysis of Complex
Systems. — Dubna: JINR, 2002. — 330 p.: ill.

� Ïèñüìà â Ý×Àß. 2002. ¹¹ 2–4.
Particles and Nuclei, Letters. 2002. Nos. 2–4.
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Ý×Àß PARTICLES AND NUCLEI

� Âûøåë â ñâåò î÷åðåäíîé âûïóñê æóðíàëà «Ôèçèêà
ýëåìåíòàðíûõ ÷àñòèö è àòîìíîãî ÿäðà» (2002, ò. 33,
âûï. 4), âêëþ÷àþùèé ñëåäóþùèå ñòàòüè:

Æèâîïèñöåâ Ô. À., Õóðýëñóõ Ñ. Êâàíòîâàÿ òåîðèÿ ñòà-
òèñòè÷åñêèõ ìíîãîñòóïåí÷àòûõ ÿäåðíûõ ðåàêöèé.

Ïóïûøåâ Â. Â. Íåêîòîðûå ðàçëîæåíèÿ â çàäà÷å òðåõ
÷àñòèö.

Áåäíÿêîâ Â. À. Î ïðîèñõîæäåíèè õèìè÷åñêèõ ýëå-
ìåíòîâ.

Ìîñêàëåíêî Â. À., Åíòåë Ï., Ìàðèíàðî Ì., Äè-

ãîð Ä. Ô., Ãðåêó Ä. ß÷åå÷íîå ïðåäñòàâëåíèå â òðåõ-
çîííîé ìîäåëè Õàááàðäà.

Ìàìåäîâ Ò. Í., Ñòîéêîâ À. Â., Ãîðåëêèí Â. Í. Èññëå-
äîâàíèå âçàèìîäåéñòâèé àêöåïòîðíîé ïðèìåñè àëþ-
ìèíèÿ â ðåøåòêå êðåìíèÿ µ−SR-ìåòîäîì.

� A regular issue (2002, V. 33, No. 4) of the journal
«Physics of Elementary Particles and Atomic Nuclei»
has been published. It includes the following articles:

Zhivopistsev F. A., Khurelsuk S. The Quantum Theory of
Statistical Multistep Nucleus Reactions.

Pupyshev V. V. Some Expansions in the Three-Body
Problem.

Bednyakov V. A. About Creation of the Chemical Ele-
ments.

Moskalenko V. A., Entel P., Marinaro M., Digor D.,

Greku D. The Cell Representation in the Three-Band
Habbard Model.

Mamedov T. N., Stoikov A. V., Gorelkin V. N. Investiga-
tion of Interactions of Aluminium Acceptor Impurity in
the Lattice of Silicon by the µ− SR-Method.
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2003
93-ÿ ñåññèÿ Ó÷åíîãî ñîâåòà ÎÈßÈ 16–17 ÿíâàðÿ, Äóáíà

Ñîâåùàíèå «Áîðåêñèíî îô-ëàéí» 25–30 ÿíâàðÿ, Äóáíà

Ðàáî÷åå ñîâåùàíèå ïî ýêñïåðèìåíòàì «Íåéòðèííûé äåòåêòîð» — NOMAD-HARP 29–31 ÿíâàðÿ, Äóáíà

VII íàó÷íàÿ êîíôåðåíöèÿ ìîëîäûõ ó÷åíûõ è ñïåöèàëèñòîâ ÎÈßÈ 3–8 ôåâðàëÿ,
Äóáíà, Ðàòìèíî

Çàñåäàíèå Ôèíàíñîâîãî êîìèòåòà ÎÈßÈ 20–21 ôåâðàëÿ, Äóáíà

Çàñåäàíèå Êîìèòåòà Ïîëíîìî÷íûõ Ïðåäñòàâèòåëåé ïðàâèòåëüñòâ
ãîñóäàðñòâ–÷ëåíîâ ÎÈßÈ

20–21 ìàðòà,
Äóáíà

VII Ìåæäóíàðîäíîå ðàáî÷åå ñîâåùàíèå «Òåîðèÿ íóêëåàöèè è åå ïðèìåíåíèÿ» 4–28 àïðåëÿ, Äóáíà

Ñåññèÿ Ïðîãðàììíî-êîíñóëüòàòèâíîãî êîìèòåòà ïî ÿäåðíîé ôèçèêå 7–8 àïðåëÿ, Äóáíà

Ñåññèÿ Ïðîãðàììíî-êîíñóëüòàòèâíîãî êîìèòåòà ïî ôèçèêå ÷àñòèö 10–11 àïðåëÿ, Äóáíà

Ñåññèÿ Ïðîãðàììíî-êîíñóëüòàòèâíîãî êîìèòåòà
ïî ôèçèêå êîíäåíñèðîâàííûõ ñðåä

àïðåëü, Äóáíà

Êîíôåðåíöèÿ îïåðàòîðîâ è ïîëüçîâàòåëåé ñåòè ñïóòíèêîâîé ñâÿçè
è âåùàíèÿ ÐÔ

15–18 àïðåëÿ,
Äóáíà
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2003
93rd session of the JINR Scientific Council 16–17 January, Dubna

Borexino Off-line Meeting 25–30 January, Dubna

Workshop on NOMAD-HARP Neutrino Detector 22–25 January, Dubna

VII Scientific Conference of Young Scientists and Specialists of JINR 3–8 February,
Ratmino, Dubna

Meeting of the JINR Finance Committee 20–21 February, Dubna

Meeting of the Committee of Plenipotentiaries of JINR Member-States 20–21 March, Dubna

VII international workshop «Theory of Nucleation and Its Application» 4–28 April, Dubna

Programme Advisory Committee for Nuclear Physics 7–8 April, Dubna

Programme Advisory Committee for Particle Physics 10–11 April, Dubna

Programme Advisory Committee for Condensed Matter Physics April, Dubna

Conference of Operators and Users of Satellite and Broadcasting Net of RF 15–18 April, Dubna

Workshop on the EXCHARM Experiment 22–24 May, Dubna

ÏËÀÍ ÑÎÂÅÙÀÍÈÉ ÎÈßÈ
SCHEDULE OF JINR MEETINGS



Ðàáî÷åå ñîâåùàíèå ïî ýêñïåðèìåíòàì íà óñòàíîâêå ÝÊÑ×ÀÐÌ 22–24 ìàÿ, Äóáíà

Ðàáî÷åå ñîâåùàíèå êîëëàáîðàöèè «Áàéêàë» 27–30 ìàÿ, Äóáíà

Ìåæäóíàðîäíûé ñåìèíàð ïî âçàèìîäåéñòâèþ íåéòðîíîâ ñ ÿäðàìè 28–31 ìàÿ, Äóáíà

Ìåæäóíàðîäíîå ðàáî÷åå ñîâåùàíèå
«Ôèçèêà î÷åíü áîëüøèõ ìíîæåñòâåííîñòåé»

31 ìàÿ–4 èþíÿ,
Àëóøòà, Óêðàèíà

94-ÿ ñåññèÿ Ó÷åíîãî ñîâåòà ÎÈßÈ 5–6 èþíÿ, Äóáíà

Ìåæäóíàðîäíàÿ êîíôåðåíöèÿ «Ñèììåòðèè è ñïèí» 6–18 èþíÿ, Ïðàãà

XII Ìåæäóíàðîäíàÿ êîíôåðåíöèÿ «Èçáðàííûå ïðîáëåìû ñîâðåìåííîé ôèçèêè»
(ïîñâÿùàåòñÿ 95-ëåòèþ Ä. È. Áëîõèíöåâà)

8–11 èþíÿ,
Äóáíà

Ìåæäóíàðîäíîå ñîâåùàíèå «Âû÷èñëåíèÿ äëÿ ñîâðåìåííûõ
è áóäóùèõ óñêîðèòåëåé»

13–26 èþíÿ, Äóáíà

3-å ñîâåùàíèå ïî èññëåäîâàíèÿì íà ðåàêòîðå ÈÁÐ-2 16–20 èþíÿ, Äóáíà

Ìåæäóíàðîäíàÿ êîíôåðåíöèÿ «ßäðî-ÿäåðíûå ñòîëêíîâåíèÿ» 17–21 èþíÿ, Ìîñêâà

Ëåòíÿÿ øêîëà «ßäåðíûå ìåòîäû è óñêîðèòåëè â áèîëîãèè è ìåäèöèíå» 19–30 èþíÿ,
Ïîçíàíü, Ïîëüøà

VIII íàó÷íàÿ ëåòíÿÿ øêîëà ìîëîäûõ ó÷åíûõ è ñïåöèàëèñòîâ 20–22 èþíÿ, Äóáíà
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BAIKAL Workshop 27–30 May, Dubna

International Seminar on Interaction of Neutrons with Nuclei (ISINN-11) 28–31 May, Dubna

International meeting «Very High Multiplicity Physics» 31 May – 4 June,
Alushta, Ukraine

94th session of the JINR Scientific Council 5–6 June, Dubna

International conference «Symmetry and SPIN» 6–18 June, Prague

XII international conference «Selected Problems of Modern Physics»
(dedicated to the 95th anniversary of D. Blokhintsev)

8–11 June, Dubna

International workshop «Calculations for Modern and Future Colliders» (CALC-2003) 13–26 June, Dubna

III Meeting on Research at the IBR-2 Reactor 16–20 June, Dubna

International conference «Nuclei-Nuclei Collisions» 17–21 June, Moscow

Summer school «Nuclear Methods and Accelerators in Biology and Medicine» 19–30 June,
Poznan, Poland

VIII Scientific Summer School for Young Scientists and Specialists 20–22 June, Dubna

International symposium «Selected Problems of Heavy Ion Physics» 22–24 June, Dubna

ÏËÀÍ ÑÎÂÅÙÀÍÈÉ ÎÈßÈ
SCHEDULE OF JINR MEETINGS



Ìåæäóíàðîäíûé ñèìïîçèóì «Èçáðàííûå âîïðîñû ôèçèêè òÿæåëûõ èîíîâ» 22–24 èþíÿ, Äóáíà

Ìåæäóíàðîäíàÿ êîíôåðåíöèÿ «Íîâàÿ ôèçèêà â íåóñêîðèòåëüíûõ ýêñïåðèìåíòàõ»
(NANP-2003)

22–28 èþíÿ, Äóáíà

Êîíòðîëüíàÿ êîìèññèÿ Ôèíàíñîâîãî êîìèòåòà 4–5 èþëÿ, Äóáíà

Ìåæäóíàðîäíàÿ øêîëà ïî ñîâðåìåííîé òåîðåòè÷åñêîé ôèçèêå 13–24 èþëÿ, Äóáíà

Ìåæäóíàðîäíûé ñåìèíàð «Ñóïåðñèììåòðèè è êâàíòîâûå ñèììåòðèè» 24–29 èþëÿ, Äóáíà

VII Ìåæäóíàðîäíàÿ Ãîìåëüñêàÿ øêîëà-ñåìèíàð
«Àêòóàëüíûå ïðîáëåìû ôèçèêè ìèêðîìèðà»

23 èþëÿ – 3 àâãóñòà,
Ãîìåëü, Áåëîðóññèÿ

Ëåòíÿÿ øêîëà DAAD «Òðàôèê è ýêîíîìôèçèêà» 30 èþëÿ–20 àâãóñòà,
Äóáíà

V Ìåæäóíàðîäíàÿ êîíôåðåíöèÿ «Ñîâðåìåííûå ïðîáëåìû ÿäåðíîé ôèçèêè» 12–15 àâãóñòà,
Ñàìàðêàíä, Óçáåêèñòàí

X Ìåæäóíàðîäíàÿ êîíôåðåíöèÿ «Ìåòîäû ñèììåòðèè â ôèçèêå» 12–20 àâãóñòà, Åðåâàí

Ìåæäóíàðîäíîå ñîâåùàíèå «Ðåëÿòèâèñòñêèå ìåòîäû â ÿäåðíîé ôèçèêå» 18–23 àâãóñòà, Äóáíà

XI Åâðîïåéñêàÿ øêîëà ïî ôèçèêå âûñîêèõ ýíåðãèé 24 àâãóñòà – 6 ñåíòÿáðÿ,
Öàõêàäçîð, Àðìåíèÿ

Ðàáî÷åå ñîâåùàíèå êîëëàáîðàöèè Å391À èþëü–àâãóñò, Äóáíà
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International conference «New Physics in Nonaccelerator Experiments»
(NANP-2003)

22–28 June, Dubna

Meeting of the Control Board of the Finance Committee 4–5 July, Dubna

International school on modern theoretical physics «Advanced School
on Modern Theoretical Physics»

13–24 July, Dubna

International seminar «Supersymmetries and Quantum Symmetries» 24–29 July, Dubna

VII international Gomel school-seminar «Modern Problems of Physics of Microworld» 23 July – 3 August,
Gomel, Belarus

DAAD summer school «Traffic and Econophysics» 30 July – 20 August,
Dubna

V international conference «Modern Problems of Nuclear Physics» 12–15 August,
Samarkand, Uzbekistan

X international conference «Symmetry Methods in Physics» 12–20 August,
Yerevan

International workshop «Relativistic Methods in Nuclear Physics» 18–23 August, Dubna

XI European School on High Energy Physics 24 August – 6 September,
Tsakhkadzor, Armenia

ÏËÀÍ ÑÎÂÅÙÀÍÈÉ ÎÈßÈ
SCHEDULE OF JINR MEETINGS



Ðàáî÷åå ñîâåùàíèå «Ðåëÿòèâèñòñêàÿ ÿäåðíàÿ ôèçèêà — îò ñîòåí ÌýÂ äî ÒýÂ»,
«Ñòàðà Ëåñíà–2003»

25–30 àâãóñòà,
Ñòàðà Ëåñíà, Ñëîâàêèÿ

V Íàó÷íûé ñåìèíàð ïàìÿòè Â. Ï. Ñàðàíöåâa ñåíòÿáðü, Äóáíà

Êîíôåðåíöèÿ «Ïåðñïåêòèâû ðàçâèòèÿ ìóëüòèìåäèéíîé ñïóòíèêîâîé ñâÿçè
è âåùàíèÿ â Ðîññèè è ñòðàíàõ ÑÍÃ»

2–5 ñåíòÿáðÿ,
Äóáíà

Ìåæäóíàðîäíÿ êîíôåðåíöèÿ «Ñòðóêòóðà ÿäðà è ñâÿçàííûå âîïðîñû» 2–6 ñåíòÿáðÿ, Äóáíà

10-ÿ Ìåæäóíàðîäíàÿ êîíôåðåíöèÿ ïî èîííûì èñòî÷íèêàì 8–12 ñåíòÿáðÿ, Äóáíà

II Ìåæäóíàðîäíàÿ ëåòíÿÿ ñòóäåí÷åñêàÿ øêîëà ïî ôèçèêå âûñîêèõ ýíåðãèé,
ïîñâÿùåííàÿ ïàìÿòè Á. Ì. Ïîíòåêîðâî

7–17 ñåíòÿáðÿ,
Àëóøòà, Óêðàèíà

XIX Ñèìïîçèóì ÎÈßÈ ïî ÿäåðíîé ýëåêòðîíèêå è êîìïüþòèíãó 15–21 ñåíòÿáðÿ,
Âàðíà, Áîëãàðèÿ

X Ìåæäóíàðîäíîå ðàáî÷åå ñîâåùàíèå ïî ñïèíîâîé ôèçèêå ïðè âûñîêèõ ýíåðãèÿõ 16–20 ñåíòÿáðÿ, Äóáíà

Ïåðâîå êîîðäèíàöèîííîå ñîâåùàíèå «Ïåðñïåêòèâû èññëåäîâàíèé
â îáëàñòè íàóê î æèçíè â ÿäåðíûõ öåíòðàõ»

23–28 ñåíòÿáðÿ,
Âàðíà, Áîëãàðèÿ

Ìåæäóíàðîäíàÿ êîíôåðåíöèÿ «Ëàáîðàòîðèÿ âûñîêèõ ýíåðãèé — 50 ëåò» 2–4 îêòÿáðÿ, Äóáíà

Êîíôåðåíöèÿ «Èñòîðèÿ íàóêè è ìóçåéíîå äåëî» 6–9 îêòÿáðÿ, Äóáíà
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E391A Collaboration Workshop July–August,
Dubna

Workshop «Relativistic Nuclear Physics — from Hundreds of MeV to TeV»,
«Stara Lesna–2003»

25–30 August,
Stara Lesna, Slovakia

V Scientific Seminar in Memory of V. P. Sarantsev September, Dubna

Conference «Prospects of Development of Multimedia Satellite
and Broadcasting Net in Russia and CIS»

2–5 September,
Dubna

International conference «Nuclear Structure and Related Topics» 2–6 September, Dubna

10th International Conference on Ion Sources (ICIS ’03) 8–12 September, Dubna

II International Summer Student School on High Energy Physics
in Memory of B. M. Pontecorvo

7–17 September,
Alushta, Ukraine

XIX JINR Symposium on Nuclear Electronics and Computing 15–21 September,
Varna, Bulgaria

X International Workshop on High Energy Spin Physics (SPIN-03) 16–20 September, Dubna

1st coordination meeting «Perspectives of Life Sciences Research
at Nuclear Centres»

23–28 September,
Varna, Bulgaria

ÏËÀÍ ÑÎÂÅÙÀÍÈÉ ÎÈßÈ
SCHEDULE OF JINR MEETINGS



Ñåññèÿ Ïðîãðàììíî-êîíñóëüòàòèâíîãî êîìèòåòà
ïî ôèçèêå êîíäåíñèðîâàííûõ ñðåä

íîÿáðü, Äóáíà

Ñåññèÿ Ïðîãðàììíî-êîíñóëüòàòèâíîãî êîìèòåòà ïî ôèçèêå ÷àñòèö íîÿáðü, Äóáíà

Ñåññèÿ Ïðîãðàììíî-êîíñóëüòàòèâíîãî êîìèòåòà ïî ÿäåðíîé ôèçèêå íîÿáðü, Äóáíà

Ðàáî÷åå ñîâåùàíèå êîëëàáîðàöèè «Áàéêàë» 2–5 äåêàáðÿ, Äóáíà
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International conference «50th Anniversary of the Laboratory of High Energies» 2–4 October, Dubna

Conference «Science History and Museums» 6–9 October,
Dubna

Programme Advisory Committee for Condensed Matter Physics November, Dubna

Programme Advisory Committee for Particle Physics November, Dubna

Programme Advisory Committee for Nuclear Physics November, Dubna

BAIKAL Workshop 2–5 December, Dubna

ÏËÀÍ ÑÎÂÅÙÀÍÈÉ ÎÈßÈ
SCHEDULE OF JINR MEETINGS
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