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Ôèçèêà íåéòðèíî è íîâàÿ ôèçèêà
â Ëàáîðàòîðèè ÿäåðíûõ ïðîáëåì

Â ÎÈßÈ èññëåäîâàíèÿ ñâîéñòâ íåéòðèíî è ñëàáûõ

âçàèìîäåéñòâèé, à òàêæå ïîèñê òàê íàçûâàåìîé «íîâîé

ôèçèêè» ïðîâîäèòñÿ ãëàâíûì îáðàçîì â Ëàáîðàòîðèè

ÿäåðíûõ ïðîáëåì èì. Â. Ï. Äæåëåïîâà. Â ýòîé îáëàñòè

ïîëó÷åí ðÿä âûäàþùèõñÿ íàó÷íûõ ðåçóëüòàòîâ. Óïîìÿ-

íåì ëèøü íåêîòîðûå èç íèõ. Ýòî îòêðûòèå áåòà-ðàñïàäà

ïèîíà è äîêàçàòåëüñòâî çàêîíà ñîõðàíåíèÿ âåêòîðíîãî

òîêà â ñëàáîì âçàèìîäåéñòâèè. Ôóíäàìåíòàëüíàÿ èäåÿ

îá îñöèëëÿöèÿõ íåéòðèíî áûëà âûñêàçàíà Á. Ì. Ïîíòå-

êîðâî (1957 ã.) òàêæå â ËßÏ [1].

Çà ïîñëåäíèå ãîäû íàó÷íîå ñîîáùåñòâî âñå áîëüøå

óáåæäàåòñÿ â òîì, ÷òî ëåãêèå ìàññèâíûå íåéòðèíî —

êëþ÷åâîé îáúåêò ñîâðåìåííîé ôèçèêè ýëåìåíòàðíûõ

÷àñòèö. Èçâåñòíà âàæíàÿ ðîëü íåéòðèíî â ïîñòðîåíèè

òåîðèé âåëèêîãî îáúåäèíåíèÿ, â ñîâðåìåííîé àñòðîôè-

çèêå (ìîäåëü Ñîëíöà, äåôèöèò ñîëíå÷íûõ íåéòðèíî, ìå-

õàíèçì âçðûâà ñâåðõíîâûõ, õàðàêòåð ýâîëþöèè çâåçä,

êîñìè÷åñêèå ëó÷è óëüòðàâûñîêèõ ýíåðãèé) è êîñìîëî-

ãèè (ìîäåëè ðàííåé Âñåëåííîé, ôîðìèðîâàíèå êðóïíî-

ìàñøòàáíûõ ñòðóêòóð, ïðîáëåìà òåìíîé èëè ñêðûòîé

ìàòåðèè è ò. ï.). Ïîèñê îñöèëëÿöèé íåéòðèíî íàðÿäó ñ

ïîèñêîì áåçíåéòðèííîãî äâîéíîãî áåòà-ðàñïàäà ÿäåð

ÿâëÿåòñÿ îñíîâíûì íàïðàâëåíèåì ñîâðåìåííîé íåéò-

ðèííîé ôèçèêè, ïîñêîëüêó îíè ïîçâîëÿþò îïðåäåëèòü

âñå ñâîéñòâà íåéòðèíî (äèðàêîâñêîå èëè ìàéîðàíîâ-

ñêîå, ìàññû è ñìåøèâàíèå). Íà÷èíàÿ ñ 1993 ã. ôèçèêè

ËßÏ óñïåøíî ó÷àñòâóþò â ïîèñêå íåéòðèííûõ îñöèë-

ëÿöèé íà óñòàíîâêå NOMAD. Âàæíûé âêëàä â èññëåäî-

âàíèÿ ôèçèêè íåéòðèíî âíåñëà ãðóïïà ó÷åíûõ ËßÏ â

ñîñòàâå êîëëàáîðàöèè DELPHI íà e e+ − -êîëëàéäåðå

LEP. Îòìåòèì ëèøü ðåçóëüòàò ïåðâîñòåïåííîãî çíà-

÷åíèÿ äëÿ ôèçèêè íåéòðèíî è îñîáåííî äëÿ àñòðî-
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At JINR the systematic studies of neutrino properties,

weak interactions and the research in the field of the

so-called new physics have been generally conducted at the

Dzhelepov Laboratory of Nuclear Problems. A number of

outstanding results have been achieved in these studies. We

would like to dwell on some of them in this paper. This is the

discovery of the pion β decay and the direct proof of the law

of the vector current conservation in weak interactions. The

fundamental concept about the neutrino oscillations was

also presented by B. M. Pontecorvo in 1957 at DLNP [1].

Scientists are more and more convinced that light massive

neutrinos are the key object of the modern elementary parti-

cle physics. It is well known that neutrino plays an impor-

tant role in the theory of grand unification, in modern astro-

physics (solar models, the solar neutrino deficiency, mecha-

nisms of supernova explosion, the character of star evolu-

tion, ultra-high cosmic rays) and in cosmology (models of

the early universe, the formation of large-scale structures,

problems of the dark or hidden matter, etc.). The search for

neutrino oscillations together with the search for neutrino-

less double beta decay of nuclei are the main trends of the

modern neutrino physics. These two fundamental effects al-

low one to determine all neutrino properties (Dirac or Majo-

rana, mass and mixing). The DLNP physicists have also

been participating in the search for neutrino oscillations

ν νµ τ− and ν νµ − e at the NOMAD set-up. An important

contribution into the neutrino physics research has been

made by a group of JINR scientists in the DELPHI collabo-

ration at the e e+ − collider LEP. We would like to mark here

Â ËÀÁÎÐÀÒÎÐÈßÕ ÈÍÑÒÈÒÓÒÀ
AT THE LABORATORIES OF JINR



ôèçèêè — äîêàçàòåëüñòâî ñóùåñòâîâàíèÿ òîëüêî òðåõ

ïîêîëåíèé ëåãêèõ íåéòðèíî [2].

Ôèçèêà íåéòðèíî è ñëàáûõ âçàèìîäåéñòâèé íåïî-

ñðåäñòâåííî ãðàíè÷èò ñ îáëàñòüþ íîâîé ôèçèêè çà ðàì-

êàìè ñòàíäàðòíîé ìîäåëè. Ýòà íîâàÿ ôèçèêà, êàê ïðàâè-

ëî, ñîïðîâîæäàåòñÿ íîâûìè ÷àñòèöàìè è íîâûìè âçàè-

ìîäåéñòâèÿìè. Íàèáîëåå ìíîãîîáåùàþùèå ïîñòðîåíèÿ

áàçèðóþòñÿ íà èäåÿõ ñóïåðñèììåòðèè (SUSY). Ñ ïîìî-

ùüþ óñêîðèòåëåé ïðîâîäèòñÿ ïðÿìîé ïîèñê íîâîé ôè-

çèêè — îíè ïîçâîëÿþò ëèáî îáíàðóæèòü ïðåäñêàçûâàå-

ìóþ ÷àñòèöó, ëèáî, íå îáíàðóæèâ åå, çàêðûòü âîçìîæ-

íîñòü åå ñóùåñòâîâàíèÿ. Äðóãîé ïîäõîä îñíîâàí íà

êîñâåííîì ïîèñêå ïðîÿâëåíèé íîâîé ôèçèêè, êîòîðûé

ïðîâîäèòñÿ â íåóñêîðèòåëüíûõ ïðåöèçèîííûõ ýêñïåðè-

ìåíòàõ.

Ñðåäè íåóñêîðèòåëüíûõ ýêñïåðèìåíòîâ áåçíåé-

òðèííûé äâîéíîé áåòà-ðàñïàä ÿäåð óæå äàâíî ïðèçíàí

íàèáîëåå ÷óâñòâèòåëüíûì çîíäîì íîâîé ôèçèêè. Íà-

áëþäåíèå 0νββ-ðàñïàäà A
Z

A
Z eY Y+ 2→ + −2 ÿäðà A

Z Y

áûëî áû íåäâóñìûñëåííûì ñèãíàëîì íîâîé ôèçèêè, ïî-

ñêîëüêó ýòîò ïðîöåññ ñîïðîâîæäàåòñÿ íàðóøåíèåì ëåï-

òîííîãî ÷èñëà íà äâå åäèíèöû è çàïðåùåí â ñòàíäàðò-

íîé ìîäåëè. Êîëëàáîðàöèåé NEMO ñ ó÷àñòèåì çíà÷è-

òåëüíîé ãðóïïû ñîòðóäíèêîâ ËßÏ ïðîâåäåí ïîèñê

äâîéíîãî β-ðàñïàäà ÿäåð 100 Mo, 116 Cd, 82 Se è 96 Zr.

Äëÿ áåçíåéòðèííîé ìîäû äâîéíîãî β-ðàñïàäà ïîëó÷åíà

íèæíÿÿ ãðàíèöà íà âðåìÿ ïîëóðàñïàäà1021 ëåò. Â íàñòî-

ÿùåå âðåìÿ ñîçäàí íîâûé áîëüøîé ñïåêòðîìåòð

NEMO-3, öåëü ýêñïåðèìåíòîâ íà êîòîðîì [3] ñîñòîèò â

ïîèñêå áåçíåéòðèííîé è äâóõíåéòðèííîé ìîä äâîéíîãî

áåòà-ðàñïàäà ÿäåð 100 Mo, 130 Te, 82 Se, 150 Nd, 96 Zr,
48 Ca (ìàññà èçîòîïè÷åñêè îáîãàùåííûõ îáðàçöîâ áó-

äåò îêîëî 10 êã) è èçìåðåíèè ýôôåêòèâíîé ìàéîðàíîâ-

ñêîé ìàññû íåéòðèíî íà óðîâíå 0,1 ýÂ.

Êàê èçâåñòíî, äëÿ îáúÿñíåíèÿ ïðåöèçèîííûõ êîñ-

ìîëîãè÷åñêèõ äàííûõ ñåãîäíÿ íåâîçìîæíî îáîéòèñü

áåç òàê íàçûâàåìîé òåìíîé ìàòåðèè. Â ðàìêàõ

SUSY-ìîäåëåé åñòåñòâåííûì îáðàçîì âîçíèêàåò íàè-

áîëåå ðåàëèñòè÷åñêèé êàíäèäàò íà ðîëü ÷àñòèöû òàê íà-

çûâàåìîé õîëîäíîé (íåðåëÿòèâèñòñêîé) òåìíîé ìàòå-

ðèè âî Âñåëåííîé. Ýòî ëåã÷àéøàÿ èç ñóïåðñèììåòðè÷-

íûõ ÷àñòèö — íåéòðàëèíî c ìàññîé 10–300 ÃýÂ (ðèñ.1).

Îíà ñòàáèëüíà, íåéòðàëüíà, è åå ðåëèêòîâàÿ ïëîòíîñòü

óäîâëåòâîðÿåò ñîâðåìåííûì àñòðîôèçè÷åñêèì äàííûì.
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the paramount result for the neutrino physics and astro-

physics — the proof of the existence of only three genera-

tions of light neutrinos [2].

The neutrino physics and weak interactions physics di-

rectly border with the new physics beyond the Standard

Model. As a rule, this new physics concerns new particles

and new interactions. Most promising constructions are

based on the ideas of the supersymmetry (SUSY). The direct

search in new physics is conducted with accelerators. They

provide a chance either to discover directly a predicted par-

ticle or to close the discussion of its existence by non-obser-

vance. Another approach is based on indirect search in new

physics, which is conducted in non-accelerator very accu-

rate experiments. Among the non-accelerator experiments,

the neutrinoless double beta decay of nuclei (0νββ) has long

been acknowledged as the most sensitive tool of the new

physics. The observed 0νββ decay A
Z

A
Z eY Y→ ++ −2 2 of the

A
Z Y nucleus could undoubtedly speak in favour of the new

physics, because this process is accompanied by the viola-

tion of the lepton number by 2 and is forbidden in the Stan-

dard Model. The international collaboration NEMO, where-

in a large group of DLNP scientists takes part, has conduct-

ed research in the double β decay of 100 Mo, 116 Cd, 82 Se

and 96 Zr. The lower limit for a half-decay time of 1021 years

has been obtained for the double β-decay neutrinoless

mode. At present a new large spectrometer NEMO-3 has

been developed and the experiments at it are aimed [3] at the

search of neutrinoless and two-neutrino modes of double β
decay of 100 Mo, 130 Te, 82 Se, 150 Nd, 96 Zr, 48 Ca (the

mass of the isotopically enriched samples will be about

10 kg) and measurement of the effective Majorana neutrino

mass on the 0.1 eV level.

It is well known that it is impossible to cover all the

spectrum of precision cosmological data today without the

so-called dark matter. The SUSY models give naturally a

most realistic candidate to be a particle of the cold (non-rela-

tivistic) dark matter in the Universe. It is the lightest of the

supersymmetric particles (LSP) — neutralino with a mass

of 10–300 GeV (Fig. 1). LSP is a stable, chargeless particle.

The relict density of the LSP particles splendidly satisfies

modern astrophysics data. As a result, SUSY allows the old

problem of dark matter to be now closely approached, con-

cerning the age of the Universe and the genesis of large-

scale structures in it.

The study of weak interactions, neutrino properties and

search for new phenomena in new physics by participation

Â ËÀÁÎÐÀÒÎÐÈßÕ ÈÍÑÒÈÒÓÒÀ
AT THE LABORATORIES OF JINR



17

Â ËÀÁÎÐÀÒÎÐÈßÕ ÈÍÑÒÈÒÓÒÀ
AT THE LABORATORIES OF JINR

Ðèñ. 2. Ñëåâà: ñõåìà óñòàíîâêè GENIUS. Ñáîðêà èç ñâåðõ÷èñòûõ ãåðìàíèåâûõ äåòåêòîðîâ (100 êã íàòóðàëüíîãî Ge íà ïåðâîì ýòàïå

ýêñïåðèìåíòà èëè 1–10 ò îáîãàùåííîãî Ge íà âòîðîì ýòàïå) ðàñïîëàãàåòñÿ íà ñïåöèàëüíîé ïîääåðæèâàþùåé ñòðóêòóðå â öåíòðå

áîëüøîãî ðåçåðâóàðà, íàïîëíåííîãî æèäêèì àçîòîì. Äèàìåòð «àçîòíîé» çàùèòû — êàê ìèíèìóì 12 ì. Ñïðàâà: êîíöåïòóàëüíàÿ

ñõåìà ïðîáíîé óñòàíîâêè GENIUS-Test Facility [7]. Âî âíóòðåííåé äåòåêòèðóþùåé êàìåðå, çàïîëíåííîé æèäêèì àçîòîì, óñòàíî-

âëåíî 14 ñâåðõ÷èñòûõ ãåðìàíèåâûõ äåòåêòîðîâ âåñîì äî 40 êã

Fig. 2. Left: Scheme of the GENIUS (GErmanium in liquid NItrogen in an Underground Set-up). A block of ultrapure Ge detectors (100 kg

of natural Ge to search for dark matter in the first part of the experiment or 1–10 tons of enriched Ge in the second part to register the double

beta decay) is situated on a special structure in the centre of a large reservoir filled with liquid nitrogen. The diameter of the «nitrogen»

shielding is minimum 12 m. Right: A conceptual scheme of a GENIUS set-up variant (GENIUS-Test Facility [7]). 14 ultrapure Ge detectors,

weighing up to 40 kg, are installed in the inner-detecting chamber filled with liquid nitrogen

Ðèñ. 1. Ñå÷åíèå (â ïèêîáàðíàõ) ñêàëÿðíîãî âçàèìîäåéñòâèÿ

ñëàáîâçàèìîäåéñòâóþùèõ ìàññèâûõ ÷àñòèö (WIMP) ñ íóêëî-

íàìè êàê ôóíêöèÿ ìàññû WIMP-÷àñòèö (â ÃýÂ). Ïîêàçàíû äî-

ñòèãíóòûå ýêñïåðèìåíòàëüíûå ïðåäåëû (ñïëîøíûå êðèâûå) è

íàèáîëåå æåñòêèå îæèäàåìûå îãðàíè÷åíèÿ ïëàíèðóåìûõ ýêñ-

ïåðèìåíòîâ íîâîãî ïîêîëåíèÿ (ïóíêòèðíûå êðèâûå). Çàìêíó-

òûé êîíòóð (èç [5]) è ðàñïðåäåëåííûå òî÷êè (èç [6]) — òåîðå-

òè÷åñêèå îæèäàíèÿ äëÿ äàííîãî ñå÷åíèÿ. Òîëüêî êðóïíûå

óñòàíîâêè íîâîãî ïîêîëåíèÿ òèïà GENIUS, îáëàäàþùèå áîëü-

øèì îáúåìîì ìèøåíè, ñïîñîáíû çàðåãèñòðèðîâàòü ÷àñòèöû

òåìíîé ìàòåðèè, â ÷àñòíîñòè, çà ñ÷åò ýôôåêòà ñåçîííîé ìîäó-

ëÿöèè îæèäàåìîãî ñèãíàëà

Fig. 1. Cross section (in pb) of the scalar interaction of weak-inter-

acting massive particles (WIMP) with nucleons as a function of

WIMPs’ mass (in GeV). Shown are experimentally obtained limits

(solid curves) and the strongest expected limitations of the experi-

ments in store of a new generation (dotted curves). The closed

curve (from [5]) and scatter dots (both light and dark from [6]) are

theoretical predictions for this cross section. These are only such

massive installations of a new generation as GENIUS that have a

large matter volume of the target, which can detect dark matter par-

ticles, in particular due to the effect of the season modulation of the

expected signal



Â ðåçóëüòàòå SUSY ïîçâîëÿåò âïëîòíóþ ïîäîéòè ê ðå-

øåíèþ ïðîáëåìû òåìíîé ìàòåðèè, ñâÿçàííîé ñ âîçðàñ-

òîì Âñåëåííîé è ãåíåçèñîì êðóïíîìàñøòàáíûõ ñòðóê-

òóð â íåé.

Èññëåäîâàíèÿ ñëàáûõ âçàèìîäåéñòâèé, ñâîéñòâ

íåéòðèíî è ïîèñê ïðîÿâëåíèé íîâîé ôèçèêè ïóòåì ó÷à-

ñòèÿ â ïðîåêòàõ NOMAD, PIBETA, ANCOR, NEMO,

FAMILON è äð. ïîçâîëÿò ëàáîðàòîðèè îñòàâàòüñÿ íà ìà-

ãèñòðàëüíîì ïóòè ñîâðåìåííîé ôèçèêè. Åùå áîëüøèå

âîçìîæíîñòè äëÿ ïîëó÷åíèÿ ôóíäàìåíòàëüíûõ ðåçóëü-

òàòîâ ìîãóò îòêðûòüñÿ, åñëè ëàáîðàòîðèÿ ðåøèò ïðèëî-

æèòü ñâîé ïîòåíöèàë, íàêîïëåííûé â îáëàñòè êðèîãåí-

íûõ è âûñîêî÷èñòûõ äåòåêòîðîâ, ÿäåðíîé ñïåêòðîñêî-

ïèè è ò. ï., ê ñîçäàíèþ äåòåêòîðà íîâîãî ïîêîëåíèÿ òèïà

GENIUS (GErmanium in liquid NItrogen in an Under-

ground Set-up) (ðèñ. 2). Äåòåêòîð GENIUS [4] áóäåò

îáëàäàòü âîçìîæíîñòÿìè äëÿ ïîëó÷åíèÿ óíèêàëüíûõ

äàííûõ ñðàçó â òðåõ âàæíåéøèõ îáëàñòÿõ íåóñêîðèòåëü-

íîé ôèçèêè: â ôèçèêå íåéòðèíî è áåçíåéòðèííîãî äâîé-

íîãî áåòà-ðàñïàäà (ðèñ. 3), â ïðîáëåìå îáíàðóæåíèÿ

÷àñòèö ãàëàêòè÷åñêîé òåìíîé ìàòåðèè (ðèñ. 1) — è

âïåðâûå áóäåò ðåãèñòðèðîâàòü â ðåàëüíîì âðåìåíè íèç-

êîýíåðãåòè÷åñêèå ñîëíå÷íûå íåéòðèíî (ðèñ. 4). Â Èí-

ñòèòóòå Ìàêñà Ïëàíêà (Ãåéäåëüáåðã) óæå íà÷àòà ïðàêòè-

18

in most perspective experimental projects, such as

NOMAD, PIBETA, ANCOR, NEMO, FAMILON and

others, will allow the Laboratory of Nuclear Problems to be

on the highway of research in modern experimental physics.

Even larger opportunities to obtain fundamental results may

appear in case the Laboratory applies its rich experience in

cryogenic and high-purity detectors, nuclear spectroscopy,

etc. to the development of a large new-generation detector

like GENIUS (Fig. 2). The GENIUS detector [4] will be

able to obtain unique data in three most important fields of

the non-accelerator physics — in neutrino physics and neu-

trinoless double beta decay (Fig. 3), in the discovery of

galactic dark matter particles (Fig. 1) and, for the first time,

will register in real time low-energy solar neutrino (Fig. 4).

Practical preparation work has been started at the test

GENIUS set-up (GENIUS-TF, Fig. 2) at the Max Planck In-

stitute of Nuclear Physics.
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Fig. 3. Regions of Majorana neutrino effective mass m mee = expected in different experiments on neutrino oscillation research (for vari-

ants of neutrino masses and mixing matrices), in comparison to the modern value of the upper limit of m mee = < 0.3 eV, obtained in the

Heidelberg–Moscow experiment, and expected sensitivities of the CUORE (and NEMO-3), MOON, EXO and GENIUS experiments

Ðèñ. 3. Îáëàñòè ýôôåêòèâíûõ ìàññ ìàéîðàíîâñêèõ íåéòðèíî m mee = , îæèäàåìûå èç ðàçëè÷íûõ ýêñïåðèìåíòîâ ïî ïîèñêó íåé-

òðèííûõ îñöèëëÿöèé (äëÿ ðàçëè÷íûõ âàðèàíòîâ íåéòðèííûõ ìàññ è ìàòðèö ñìåøèâàíèÿ) â ñðàâíåíèè ñ ñîâðåìåííûì çíà÷åíèåì

âåðõíåé ãðàíèöû m mee = < 0 3, ýÂ, ïîëó÷åííûì â ýêñïåðèìåíòå Ãåéäåëüáåðã–Ìîñêâà, è îæèäàåìûìè ÷óâñòâèòåëüíîñòÿìè ýêñ-

ïåðèìåíòîâ CUORE (è NEMO-3), MOON, EXO è GENIUS



÷åñêàÿ ïîäãîòîâêà ê ïðîâåäåíèþ ýêñïåðèìåíòîâ íà

ïðîáíîé óñòàíîâêå GENIUS-TF (ðèñ. 2).

Ýêñïåðèìåíòû íà e e+ − -êîëëàéäåðå LEP áûëè íàöå-

ëåíû íà ïðîâåðêó ñòàíäàðòíîé ìîäåëè, íà îïðåäåëåíèå

ìàññ Z- è W-áîçîíîâ, èõ ñâîéñòâ è ò. ï. Ïîëó÷åí áîëüøîé

ñïåêòð ïðåöèçèîííûõ äàííûõ. Çàäà÷à ýêñïåðèìåíòîâ

íîâîãî ïîêîëåíèÿ íà áîëüøîì àäðîííîì êîëëàéäåðå

LHC — ïîèñê ôèçèêè çà ðàìêàìè ñòàíäàðòíîé ìîäåëè,

ïîäòâåðæäåíèå èäåé âåëèêîãî îáúåäèíåíèÿ, ñóïåðñèì-

ìåòðèè è ò. ï., óñòàíîâëåíèå ýêñïåðèìåíòàëüíûõ îñíîâ

íîâîé òåîðåòè÷åñêîé êîíöåïöèè â ôèçèêå ÷àñòèö. Îòëè-

÷èòåëüíîé îñîáåííîñòüþ (è âî ìíîãîì öåëüþ) áîëåå

ôóíäàìåíòàëüíîé òåîðèè ÿâëÿåòñÿ ñïîñîáíîñòü ñ åäè-

íûõ ïîçèöèé äàòü ñîãëàñîâàííîå îïèñàíèå âñåõ íàáëþ-

äàåìûõ â ôèçèêå ÷àñòèö êàê ïðè ñâåðõâûñîêèõ, òàê è

ïðè ñàìûõ íèçêèõ ýíåðãèÿõ. Ïî ýòîé ïðè÷èíå, à òàêæå

19

The experiments at the e e+ − LEP collider were aimed

at the check of the Standard Model, at the determination of

the masses of the Z and W bosons, their properties, etc. A

large spectrum of precision data has been obtained. The aim

of new-generation experiments at the Large Hadron Collid-

er (LHC) is to search for physics beyond the Standard Mod-

el, the proof or disproof of the idea of grand unification,

supersymmetry, etc., the establishment of the experimental

basis of a new theoretical concept in elementary particle

physics. A particular peculiarity (and, largely, a purpose) of
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Ðèñ. 4. ×óâñòâèòåëüíîñòü, â òåðìèíàõ ïîðîãà ïî ýíåðãèè, ðàçëè÷íûõ äåòåêòîðîâ ñîëíå÷íûõ íåéòðèíî. Â ýêñïåðèìåíòàõ GALLEX è

SAGE èçìåðÿþòñÿ pp + +7 8Be B-íåéòðèíî ñ ïîðîãîì 0,24 ÌýÂ. Õëîðíûé ýêñïåðèìåíò èçìåðÿåò 7 8Be B+ -íåéòðèíî ñ ýíåðãèåé

Ev >0,817 ÌýÂ áåç èíôîðìàöèè î ñïåêòðå, âðåìåíè ïðèõîäà ñèãíàëà è åãî íàïðàâëåíèè. Îòñóòñòâóþò äåòåêòîðû, ñïîñîáíûå èçìå-

ðÿòü ðàçäåëüíî pp- è 7Be-íåéòðèíî. GENIUS ìîæåò áûòü ïåðâûì è åäèíñòâåííûì ïîêà äåòåêòîðîì, ñïîñîáíûì èçìåðÿòü ïîëíûé

ïîòîê pp (è 7Be)-íåéòðèíî â ðåàëüíîì âðåìåíè

Fig. 4. The sensitivity (thresholds) of the solar neutrino detectors. GALEX and SAGE measure pp + +7 8Be B neutrinos with energy thresh-

old 0.24 MeV. The Chlorine experiment measures 7Beand 8Beneutrinos with threshold 0.817 MeV. No spectral, time and directional infor-

mation is available. Only GENIUS could be the first detector which is able to measure the full pp and 7Be neutrino flux in the real time



èç-çà âîçðîñøåé ñëîæíîñòè ïîëó÷åíèÿ íàäåæíûõ ôèçè-

÷åñêèõ ðåçóëüòàòîâ íåäîñòàòî÷íî òîëüêî äàííûõ ñ óñêî-

ðèòåëåé, íåîáõîäèìî îäíîâðåìåííî ïðèíèìàòü âî âíè-

ìàíèå ðåçóëüòàòû íåóñêîðèòåëüíûõ ýêñïåðèìåíòîâ è

àñòðîôèçè÷åñêèõ íàáëþäåíèé (â êà÷åñòâå ñâîåîáðàçíî-

ãî «òåîðåòè÷åñêîãî» òðèããåðà).

Èññëåäîâàíèÿ ïî ôèçèêå ÷àñòèö âûñîêèõ ýíåðãèé

âñåãäà áûëè è îñòàþòñÿ îäíîé èç ãëàâíûõ öåëåé ñîòðóä-

íèêîâ Ëàáîðàòîðèè ÿäåðíûõ ïðîáëåì. Â íàñòîÿùåå âðå-

ìÿ â ýòîì íàïðàâëåíèè áîëüøèì êîëëåêòèâîì ó÷åíûõ è

èíæåíåðîâ ÎÈßÈ ñîçäàåòñÿ ãðàíäèîçíûé äåòåêòîð AT-

LAS. Ýòîò äåòåêòîð íåîáõîäèì äëÿ ïðîâåäåíèÿ ýêñïåðè-

ìåíòîâ â îáëàñòè ôèçèêè ýëåìåíòàðíûõ ÷àñòèö (îáíàðó-

æåíèå è èññëåäîâàíèå áîçîíîâ Õèããñà, èçó÷åíèå ìåõà-

íèçìîâ îáðàçîâàíèÿ è ðàñïàäà top-êâàðêîâ,

èññëåäîâàíèå ôèçèêè B-êâàðêîâ, îáíàðóæåíèå ñóïåð-

ñèììåòðè÷íûõ ÷àñòèö è ò. ä.) ïðè ñâåðõâûñîêèõ ýíåðãè-

ÿõ LHC. Âî ìíîãîì äåòåêòîð ATLAS — ïðèáîð äëÿ èñ-

ñëåäîâàíèÿ èìåííî ðåäêèõ ïðîöåññîâ (îáóñëîâëåííûõ

ñëàáûì âçàèìîäåéñòâèåì) è ïîèñêà ÿâëåíèé íîâîé ôè-

çèêè, à ýòî èìåííî òà îáëàñòü, ãäå íóæíî ïðèíèìàòü âî

âíèìàíèå ïðåöèçèîííûå íèçêîýíåðãåòè÷åñêèå äàííûå,

èñòî÷íèêîì êîòîðûõ áóäåò ïðèáîð òèïà GENIUS.

Òàêèì îáðàçîì, â Ëàáîðàòîðèè ÿäåðíûõ ïðîáëåì â

íàñòîÿùåå âðåìÿ óæå ñîçäàíû è ïðîäîëæàþò ñîçäàâàòü-

ñÿ óñëîâèÿ äëÿ ïðîâåäåíèÿ è àíàëèçà ðåçóëüòàòîâ ôóí-

äàìåíòàëüíûõ èññëåäîâàíèé â îáëàñòè ôèçèêè ýëåìåí-

òàðíûõ ÷àñòèö êàê ïðè ñâåðõâûñîêèõ, òàê è ïðè íèçêèõ

ýíåðãèÿõ. Ýòî îòâå÷àþùåå âåëåíèþ âðåìåíè ñî÷åòàíèå

íèçêîýíåðãåòè÷åñêèõ ôóíäàìåíòàëüíûõ èññëåäîâàíèé

è ôóíäàìåíòàëüíûõ èññëåäîâàíèé ïðè óëüòðàâûñîêèõ

ýíåðãèÿõ äàñò âîçìîæíîñòü Ëàáîðàòîðèè ÿäåðíûõ ïðî-

áëåì çàíèìàòü äîñòîéíîå ìåñòî â ðåøåíèè êëþ÷åâûõ

âîïðîñîâ ñîâðåìåííîé ôèçèêè ÷àñòèö è àñòðîôèçèêè.
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such a more fundamental theory is its ability to formulate on

a unified basis a coordinated description of all observed par-

ticles in physics, either at ultrahigh or at the lowest energies.

For this reason and also due to the growing complexity of re-

liable physics data acquisition, the data from the accelera-

tors are not sufficient. It is necessary to take into account the

results of non-accelerator experiments and astrophysics data

(as a specified «theoretical» trigger).

The research in high-energy particle physics has always

been one of the main targets at the Dzhelepov Laboratory of

Nuclear Problems. A large detector ATLAS is being devel-

oped at present along this line under the guidance of the

Laboratory Directorate by the JINR community of scientists

and engineers. This detector will be used to conduct experi-

ments in elementary particle physics at high LHC energies

(discovery and study of Higgs bosons, study of production

and decay mechanisms of top quarks, B-quark physics, dis-

covery of supersymmetric particles, etc.). In many aspects

the ATLAS detector is a set-up intended to study rare

processes (stipulated by weak interaction) and search for

new physics phenomena, especially in that region where the

precision low-energy data should be taken into account,

whose source will be a facility of the GENIUS type.

Thus, at the present time, the conditions have been and

are being established at the Dzhelepov Laboratory of Nu-

clear Problems to conduct experiments and analyze with

high quality the results of fundamental research in elemen-

tary particle physics at ultrahigh and low energies. This ade-

quate for our time combination of low-energy fundamental

research and fundamental research at ultrahigh energies

places the Dzhelepov Laboratory staff in a deserved position

in the solution of key items of modern particle physics and

astrophysics.
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