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— Àëåêñåé Íîðàéðîâè÷, ÷òî íàçûâàåòñÿ, ïî
ñâåæèì ñëåäàì: êàêîâî âàøå îáùåå âïå÷àòëåíèå
îò êîíôåðåíöèè?

— Âî-ïåðâûõ, ïðèìå÷àòåëüíûé ôàêò: êîíôåðåíöèÿ
âåðíóëàñü â íàø ðåãèîí. Ïîñëå 1976 ã. (òîãäà êîíôåðåí-
öèÿ ñîñòîÿëàñü â Òáèëèñè) ïî ðàçëè÷íûì è ïîëèòè÷å-
ñêèì, è ýêîíîìè÷åñêèì ïðè÷èíàì íè â Ðîññèè, íè â ñòðà-
íàõ ÑÍÃ êîíôåðåíöèÿ íå ïðîâîäèëàñü. Ëèøü â 1984 ã.
êîíôåðåíöèÿ ñîñòîÿëàñü â Ëåéïöèãå (òîãäà ÃÄÐ), â
1996 ã. — â Âàðøàâå (Ïîëüøà — ñòðàíà-ó÷àñòíèöà ÖÅÐÍ

è ÎÈßÈ), õîòÿ ïåðâîíà÷àëüíî â îáîèõ ñëó÷àÿõ ïëàíèðî-
âàëàñü Ìîñêâà. Âìåñòå ñ òåì âêëàä ó÷åíûõ è ñïåöèàëè-
ñòîâ èç Ðîññèè è äðóãèõ ñòðàí Âîñòî÷íîãî ðåãèîíà â
ðàçâèòèå ôèçèêè âûñîêèõ ýíåðãèé áûë è îñòàåòñÿ âåñü-
ìà çíà÷èòåëüíûì. Êîíôåðåíöèÿ, êîòîðàÿ ñîáðàëà
òûñÿ÷íóþ àóäèòîðèþ èç 50 ñòðàí ìèðà, åùå ðàç
ïîäòâåðäèëà, ÷òî ýòî òàê.

Âî-âòîðûõ, ìíå äåéñòâèòåëüíî ïðèÿòíî îòìåòèòü,
÷òî ó÷åíûå ÎÈßÈ ïðîÿâèëè äîñòîéíóþ àêòèâíîñòü â íà-
ó÷íîé ïðîãðàììå êîíôåðåíöèè. Îðãàíèçàöèîííàÿ ðàáî-
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Between «Dark Matter» and «Dark Energy»

Today, space itself becomes a laboratory to evolve particle physics

Evgenii Molchanov
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— Alexei Norairovich, to be hot on the trail, so to
speak: what is your general impression of the Confer-
ence?

— Firstly, the fact that the Conference has come back to
our region is remarkable. After 1976 (when the Conference
was held in Tbilisi), it was organized neither in Russia nor in
CIS states, for various political and economic reasons. Only
in 1984 the Conference was held in Leipzig (then GDR), in
1996 in Warsaw (Poland is a member state of CERN and
JINR), though in both cases it had been originally planned to
be held in Moscow. At the same time, the contribution of sci-
entists and specialists from Russia and other countries of the

Eastern region to the development of high energy physics
has been and is very considerable. The Conference that
hosted a thousand participants from 50 countries of the world
proved this fact once again.

Secondly, it is a real pleasure for me to note that JINR
scientists demonstrated estimable engagement in the scien-
tific programme of the Conference. JINR staff members and
students-volunteers from Dubna did the bulk of the organiza-
tional work. Staff members of INP RAS, SINP MSU, ITEP,
IHEP, BINP SD RAS, PI RAS and a number of other Moscow
institutions, organizations and companies also took an active
part in the organization of the Conference.



òà òàêæå â çíà÷èòåëüíîé ìåðå áûëà ïðîäåëàíà ñèëàìè
ñîòðóäíèêîâ ÎÈßÈ è ñòóäåíòîâ-äîáðîâîëüöåâ èç Äóáíû.
Àêòèâíóþ ðîëü â îðãàíèçàöèè êîíôåðåíöèè ñûãðàëè ñî-
òðóäíèêè ÈßÈ ÐÀÍ, ÍÈÈßÔ ÌÃÓ, ÈÒÝÔ, ÈÔÂÝ, ÈßÔ ÑÎ
ÐÀÍ, ÔÈÀÍ è ðÿäà äðóãèõ ìîñêîâñêèõ èíñòèòóòîâ,
îðãàíèçàöèé è êîìïàíèé.

— À ÷åì çíàìåíàòåëåí, èìåííî ñ íàó÷íîé òî÷-
êè çðåíèÿ, íûíåøíèé èñòîðè÷åñêèé ìîìåíò?

— Â îáëàñòè ôèçèêè ÷àñòèö çà ïîñëåäíåå äåñÿòè-
ëåòèå ïðîèçîøëè ïîèñòèíå ðåâîëþöèîííûå îòêðûòèÿ,
êîòîðûå èçìåíèëè ïðåäñòàâëåíèÿ îá îêðóæàþùåé íàñ
ïðèðîäå. Íà ðóáåæå ñòîëåòèé íàñ îæèäàëè íåîæèäàííî-
ñòè — êàçàëîñü áû, óñòîé÷èâî äåðæàëàñü â ôèçèêå òàê
íàçûâàåìàÿ Ñòàíäàðòíàÿ ìîäåëü, íî âäðóã âûÿñíèëîñü,
÷òî Âñåëåííàÿ íà 96 ïðîöåíòîâ ñîñòîèò èç íåêîé òåìíîé
ýíåðãèè, òåìíîé ìàòåðèè, è ñåé÷àñ íàñòóïàåò âðåìÿ íî-
âûõ ýêñïåðèìåíòîâ, êîòîðûå áóäóò ïðîâåäåíû íà ãèãàíò-
ñêèõ óñêîðèòåëÿõ è ïîçâîëÿò ïðîëèòü ñâåò íà ýòè çàãàäêè
ïðèðîäû. Ñåãîäíÿ â ôèçèêå âûñîêèõ ýíåðãèé îñíîâíûå
îæèäàíèÿ ñâÿçàíû ñ ñîçäàíèåì â ÖÅÐÍ, â Æåíåâå,
áîëüøîãî àäðîííîãî êîëëàéäåðà (LHC), è ìû íàõîäèìñÿ
íàêàíóíå åãî çàïóñêà.

— Àëüáåðò Íèêèôîðîâè÷, âû áûëè îäíèì èç
îðãàíèçàòîðîâ Ðî÷åñòåðñêîé êîíôåðåíöèè â Òáè-
ëèñè â 1976 ã. Òðèäöàòü ëåò ñïóñòÿ ÷òî èçìåíè-
ëîñü?

— Ñêàæó âêðàòöå î íàó÷íîé ïðîãðàììå êîíôåðåí-
öèè. Îíà ïðèçâàíà ïîäûòîæèâàòü îñíîâíûå äîñòèæåíèÿ

â ôèçèêå âûñîêèõ ýíåðãèé çà äâà ãîäà ìåæäó êîíôåðåí-
öèÿìè è íàìå÷àòü ïóòè åå äàëüíåéøåãî ðàçâèòèÿ. Ñîâðå-
ìåííàÿ ôèçèêà âûñîêèõ ýíåðãèé — ýòî îáëàñòü
ôóíäàìåíòàëüíîé íàóêè, êîòîðàÿ èçó÷àåò ñâîéñòâà ìà-

òåðèè íà ìàñøòàáàõ äî10 ��� ñàíòèìåòðîâ. Íà òàêèõ ìàñ-
øòàáàõ îñíîâíûìè ñîñòàâëÿþùèìè ìàòåðèè ÿâëÿþòñÿ
ëåïòîíû è öâåòíûå êâàðêè, êîòîðûå âçàèìîäåéñòâóþò
ìåæäó ñîáîé òðåìÿ ôóíäàìåíòàëüíûìè ñèëàìè: ýëåê-
òðîñëàáûìè, ñèëüíûìè, èëè õðîìîäèíàìè÷åñêèìè, è
ãðàâèòàöèîííûìè. Áëàãîäàðÿ ýòèì âçàèìîäåéñòâèÿì
ìåæäó êâàðêàìè è ëåïòîíàìè ñîçäàåòñÿ âèäèìàÿ ìàòå-
ðèÿ, êîòîðóþ ìû è èññëåäóåì ñåãîäíÿ.

Çäåñü ñëåäóåò îòìåòèòü, ÷òî ðîññèéñêèå ó÷åíûå
âíåñëè îñíîâîïîëàãàþùèé âêëàä â ðàçâèòèå ôèçèêè âû-
ñîêèõ ýíåðãèé. Äîñòàòî÷íî ñêàçàòü, ÷òî â îñíîâå ýëåêòðî-
ñëàáûõ âçàèìîäåéñòâèé ëåæèò ïîíÿòèå ñïîíòàííîãî íà-
ðóøåíèÿ ñèììåòðèè — çàêîí, êîòîðûé äëÿ êâàíòîâûõ ñè-
ñòåì áûë îòêðûò Íèêîëàåì Áîãîëþáîâûì. ×àñòíàÿ
ðåàëèçàöèÿ ýòîãî çàêîíà â ôèçèêå ÷àñòèö ïðèâåëà ê
ïðåäñêàçàíèþ ñóùåñòâîâàíèÿ õèããñîâñêîãî áîçîíà, èçó-
÷åíèþ ñâîéñòâ êîòîðîãî ñåé÷àñ ïîñâÿùåíî îãðîìíîå êî-
ëè÷åñòâî òåîðåòè÷åñêèõ ðàáîò; ïðîâîäÿòñÿ ñîîòâåòñòâó-
þùèå ýêñïåðèìåíòû ïî åãî îáíàðóæåíèþ íà ñóùåñòâóþ-
ùèõ è ïëàíèðóåìûõ óñêîðèòåëÿõ (LHC, ÖÅÐÍ).
(Ñîãëàñíî òåîðåòè÷åñêèì ïðåäñòàâëåíèÿì ôèçèêîâ,
èìåííî õèããñîâñêèé áîçîí — òà ÷àñòèöà, êîòîðàÿ íàäåëÿ-
åò ìàòåðèþ ìàññîé. — «GW».)

Ñ äðóãîé ñòîðîíû, â îñíîâå ñèëüíûõ, èëè õðîìîäè-
íàìè÷åñêèõ, âçàèìîäåéñòâèé ëåæàò íîâîå êâàíòîâîå ÷è-
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— And what is the significance of the present his-
torical moment from the scientific point of view?

— In the field of particle physics, dramatic discoveries
have been made which have changed our idea about the Na-
ture around us. At the turn of the century, we ran into unex-
pected surprises — the position of the so-called Standard
Model had seemed to be very firm in physics but, suddenly, it
turned out that the Universe is 96% some dark energy, dark
matter, and now the time for new experiments has come
which will be held at giant accelerators and will make it possi-
ble to unveil these mysteries of Nature. The main great ex-
pectations today in high energy physics are related to the de-
velopment of the Large Hadron Collider (LHC) at CERN in
Geneva. We may say that we are on the threshold of its
launching.

— Albert Nikiforovich, you were one of the organiz-
ers of the Rochester Conference in Tbilisi in 1976. What
has changed since then?

— I’ll say a few words about the Conference pro-
gramme. Its aim is to sum up the main achievements in high
energy physics obtained during the two years after the previ-
ous meeting and to work out the ways for its further develop-
ment. Modern high energy physics is a fundamental science

which studies properties of matter in the scales up to 10 ���

centimeters. In such scales, the main constituents of matter

are leptons and colour quarks which interact with each other
with three fundamental forces, i.e., electroweak, strong, or
chromodynamic, and gravitational. Visible matter that we
study today is created due to these interactions between
quarks and leptons.

It should be noted here that Russian scientists have
made a basic contribution to the progress of high energy
physics. Suffice it to say that electroweak interactions are
based on the notion of spontaneous symmetry breaking —
the law discovered by Nikolai Bogoliubov for quantum sys-
tems. A partial realization of this law in particle physics
brought about the prediction of the Higgs boson existence,
whose properties now are studied in numerous theoretical
papers; experiments are held to discover it at the existing
and designed accelerators (the LHC, CERN). (It is the Higgs
boson, according to theoretical ideas, that provides matter
with mass. — «�p».)

On the other hand, the basis of strong, or chromody-
namic, interactions is the new quantum number ����� and
real fundamental particles — ����� t�	�Q� that were pre-
dicted by JINR scientists N. Bogoliubov, B. Struminsky and
A. Tavkhelidze.

It is well known that biggest discoveries are made at the
turn of different sciences. In particular, a new trend emerges
at the frontier of the three above-mentioned fundamental in-



ñëî F:*6 è ðåàëüíûå ôóíäàìåíòàëüíûå ÷àñòèöû —
F:*6+8* E:29E,, ÷òî áûëî ïðåäñêàçàíî ñîòðóäíèêàìè
ÎÈßÈ Í. Áîãîëþáîâûì, Á. Ñòðóìèíñêèì è À. Òàâõå-
ëèäçå.

Õîðîøî èçâåñòíî, ÷òî ñàìûå êðóïíûå îòêðûòèÿ ñî-
âåðøàþòñÿ íà ñòûêå ðàçëè÷íûõ íàóê. Â ÷àñòíîñòè, íà
ñòûêå òðåõ âûøåóïîìÿíóòûõ ôóíäàìåíòàëüíûõ âçàèìî-
äåéñòâèé âîçíèêàåò íîâîå íàïðàâëåíèå, ñâÿçûâàþùåå
êîñìîëîãèþ è ôèçèêó ÷àñòèö. Òàê ÷òî åñëè ðàíüøå äëÿ
íàøåé íàóêè îñíîâíûìè èíñòðóìåíòàìè è ìåñòîì äåé-
ñòâèÿ ÿâëÿëèñü óñêîðèòåëè èëè ïîäçåìíûå è ïîäâîäíûå
ëàáîðàòîðèè, òî ñåé÷àñ óæå âåñü êîñìîñ ñòàíîâèòñÿ
åñòåñòâåííîé ëàáîðàòîðèåé äëÿ ðàçâèòèÿ ôèçèêè ÷à-
ñòèö. Â ýòîé ñâÿçè íà êîíôåðåíöèè îáñóæäàëàñü î÷åíü
àìáèöèîçíàÿ òåîðèÿ — òåîðèÿ ñòðóí, êîòîðàÿ ïûòàåòñÿ
îáúåäèíèòü âñå ýòè ñèëû. Õîòÿ â ýòîé òåîðèè âîïðîñîâ
ïîêà áîëüøå, ÷åì îòâåòîâ.

— ×åì ñåãîäíÿ ìîæíî óäèâèòü ôèçèêîâ?
— Âûÿñíÿåòñÿ, ÷òî âèäèìàÿ íàìè ìàòåðèÿ ñîñòà-

âëÿåò âñåãî-íàâñåãî 5 ïðîöåíòîâ îò âñåé ñóùåñòâóþùåé
ìàòåðèè, è, ÷òîáû îáúÿñíèòü äâèæåíèå ãàëàêòèê, íàäî
ïðåäïîëîæèòü ñóùåñòâîâàíèå ïðèìåðíî 25 ïðîöåíòîâ
íåâèäèìîé ìàòåðèè — òåìíîé ìàòåðèè è îêîëî 70 ïðî-
öåíòîâ íåâèäèìîé ýíåðãèè — òåìíîé ýíåðãèè. Â ìíîãî-
÷èñëåííûõ äîêëàäàõ è äèñêóññèÿõ íà êîíôåðåíöèè ó÷å-
íûå ïûòàëèñü ïîíÿòü ñóòü ýòèõ íîâûõ ÿâëåíèé è òî, êàê
îíè âëèÿþò íà ôèçèêó ÷àñòèö. Èíòåðåñíûå èññëåäîâà-
íèÿ ïî âîçìîæíîìó îáúÿñíåíèþ ïðèðîäû òåìíîé ìàòå-
ðèè, âûïîëíåííûå ïðè øèðîêîì ìåæäóíàðîäíîì ñîòðóä-

íè÷åñòâå, áûëè ïðåäñòàâëåíû â ïëåíàðíîì äîêëàäå
ó÷åíîãî èç Äóáíû Ä. Êàçàêîâà.

Êâàíòîâàÿ õðîìîäèíàìèêà ïðèâåëà ê ïðåäñêàçàíèþ
àäðîííîé ìàòåðèè, ñîñòîÿùåé èç öâåòíûõ êâàðêîâ è ãëþ-
îíîâ, êîòîðûå íå íàáëþäàþòñÿ â ñâîáîäíîì ñîñòîÿíèè.
Ôóíäàìåíòàëüíîé çàäà÷åé íàóêè ÿâëÿåòñÿ èçó÷åíèå «íà
íåâåäîìûõ äîðîæêàõ ñëåäîâ íåâèäàííûõ çâåðåé».
Â ýòîé ñâÿçè áîëüøîé èíòåðåñ âûçâàë öèêë ðàáîò, âû-
ïîëíÿåìûõ ìåæäóíàðîäíûì ñîòðóäíè÷åñòâîì, âîçãëà-
âëÿåìûì À. Ñèñàêÿíîì, â êîòîðîì ïðåäñêàçûâàåòñÿ è
èçó÷àåòñÿ ñìåøàííàÿ ôàçà ãîðÿ÷åé ïëîòíîé àäðîííîé
ìàòåðèè.

— Êàêèå óðîêè ìîæíî âûíåñòè èç ýòîé êîíôå-
ðåíöèè?

— Ïîðàæàåò, êàê ñåãîäíÿ â ðàçíûõ ñòðàíàõ ïëàíèðó-
þòñÿ êðóïíûå ïðîåêòû ïî ñîçäàíèþ ÿäåðíî-ôèçè÷åñêèõ
óñòàíîâîê íîâîãî ïîêîëåíèÿ — óñêîðèòåëåé, ïîäçåìíûõ,
ïîäâîäíûõ è êîñìè÷åñêèõ òåëåñêîïîâ äëÿ äàëüíåéøåãî

ïðîäâèæåíèÿ â ãëóáü ìàòåðèè çà ìàñøòàáû â 10 ��� ñàí-
òèìåòðîâ. Âî âñåõ ýòèõ íàïðàâëåíèÿõ Ðîññèÿ îáëàäàåò
êîëîññàëüíûì îïûòîì è îãðîìíûì èíòåëëåêòóàëüíûì
ïîòåíöèàëîì. Íóæíî òàêæå ó÷èòûâàòü, ÷òî Ðîññèÿ ÿâëÿ-
åòñÿ âåäóùåé êîñìè÷åñêîé äåðæàâîé. Ðîññèéñêèå ôèçè-
êè âîñòðåáîâàíû äëÿ ó÷àñòèÿ âî âñåõ êðóïíåéøèõ ìèðî-
âûõ ïðîåêòàõ, õîòÿ ïîñëåäíåå è íå ÿâëÿåòñÿ îïðàâäàíè-
åì îòñóòñòâèÿ êðóïíîìàñøòàáíûõ íîâûõ ïðîåêòîâ,
ðåàëèçóåìûõ íà òåððèòîðèè Ðîññèè.
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teractions which connects cosmology and particle physics.
So, if the main tools and places for our science used to be ac-
celerators or underground and underwater laboratories, it is
all space today that becomes a natural laboratory for the de-
velopment of particle physics. In this aspect, there were vivid
discussions at the Conference about a very ambitious theo-
ry — the string theory — which tries to put all these forces to-
gether. However, there are more questions in this theory than
answers so far.

— What can amaze physicists today?
— It becomes clear that the matter we see is only 5% of

all existing matter. To provide an explanation for the traveling
of galaxies we have to presuppose that there exist about
25% of invisible matter, dark matter, and about 70% of invisi-
ble energy, dark energy. At the Conference, during plentiful
presentations and discussions, scientists tried to understand
the essence of these new phenomena and the way they influ-
ence particle physics. The plenary report by the scientist
from Dubna D. Kazakov dwelt on the interesting studies of a
possible explanation for the dark matter origin, conducted in
extensive international cooperation.

Quantum chromodynamics bore the prediction of
hadron matter which consists of colour quarks and gluons

that are not observed in the unbound state. A basic task of
science is to study «the traces of a White Rabbit down the
hole or the smile of a Cheshire Cat in the wood of the Won-
derland». Thereupon, the series of studies conducted in
wide international cooperation headed by A. Sissakian at-
tracted much interest at the Conference as the mixed phase
of hot dense hadron matter is predicted and studied in this
research.

— What are possible lessons of this Conference?

— It is amazing how in different countries today large
projects of developing nuclear physics facilities of a new gen-
eration are designed — accelerators, underground, under-
water and space telescopes for further search into the depth

of matter, beyond the scales of 10 ��� cm. In all these activi-
ties Russia possesses enormous experience and tremen-
dous intellectual potential. It should be also accounted for
that Russia is a leading space power. Russian physicists are
on-demand to take part in all largest world projects; however,
the latter fact is not an excuse for the absence of new
large-scale projects brought to life in the territory of Russia.
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