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Ó÷àñòèå ÎÈßÈ â ðàçâèòèè
ôèçè÷åñêîé ïðîãðàììû CMS

Îñíîâíûì íàïðàâëåíèåì äåÿòåëüíîñòè ÎÈßÈ â
ïðîåêòå CMS ÿâëÿåòñÿ ðàçðàáîòêà, êîíñòðóèðîâàíèå è
ñáîðêà òîðöåâûõ äåòåêòîðîâ, ïðè÷åì ÎÈßÈ íåñåò ïîë-
íóþ îòâåòñòâåííîñòü è êîîðäèíèðóåò ýòè ðàáîòû â ðàì-
êàõ ñîòðóäíè÷åñòâà Ðîññèè è ñòðàí-ó÷àñòíèö ÎÈßÈ
(RDMS CMS). Áåññìåííûì ðóêîâîäèòåëåì RDMS CMS
ñ ìîìåíòà ñîçäàíèÿ ýòîé îðãàíèçàöèîííîé ñòðóêòóðû
ÿâëÿåòñÿ ïðîô. È. À. Ãîëóòâèí. Ñïåöèàëèñòû ÎÈßÈ
âíåñëè îïðåäåëÿþùèé âêëàä â ñëåäóþùèå ïîäïðîåêòû:
ñèñòåìà òîðöåâûõ ýëåêòðîìàãíèòíûõ êàëîðèìåòðîâ,
ïåðâàÿ ìþîííàÿ ñòàíöèÿ ïåðåäíåãî íàïðàâëåíèÿ, òîðöå-
âîé ïðåäëèâíåâûé äåòåêòîð. Ôèçèêè ÎÈßÈ ó÷àñòâóþò
òàêæå â ðàáîòå ãðóïïû ïî ðàçðàáîòêå ôèçè÷åñêîé ïðî-
ãðàììû ýêñïåðèìåíòà CMS. Â íàñòîÿùåå âðåìÿ ïðîäîë-
æàåòñÿ ïðîèçâîäñòâî äåòåêòîðîâ. Â 2002 ã. ÎÈßÈ âìå-
ñòå ñ äðóãèìè ãðóïïàìè êîëëàáîðàöèè RDMS óñïåøíî
âñòóïèë â ïåðèîä ìîíòàæà óñòàíîâêè CMS.

Ýêñïåðèìåíò CMS îòêðûâàåò óíèêàëüíûå âîçìîæ-
íîñòè äëÿ ïðîâåðêè ñòàíäàðòíîé ìîäåëè (ÑÌ) â íîâîé
îáëàñòè ýíåðãèé, à òàêæå ïîèñêà íîâîé ôèçèêè çà ðàìêà-
ìè ÑÌ. Êàê èçâåñòíî, ÑÌ ïðåêðàñíî îïèñûâàåò áîëü-
øèíñòâî ýêñïåðèìåíòàëüíûõ äàííûõ, ïîëó÷åííûõ íà
ñîâðåìåííûõ óñêîðèòåëÿõ. Îäíàêî ñóùåñòâóåò ðÿä ïðî-
áëåì, íå ðåøåííûõ â ðàìêàõ ÑÌ, íàïðèìåð, êîëè÷å-
ñòâåííîå îïèñàíèå ýôôåêòà íàðóøåíèÿ CP-ñèììåòðèè,
ïðîáëåìà èåðàðõèè ìàññ, ïðîèçâîë â âûáîðå ÷èñëà ïî-
êîëåíèé ëåïòîíîâ è êâàðêîâ, ôîðìàëüíîå îáúåäèíåíèå
ñèëüíîãî è ýëåêòðîñëàáîãî âçàèìîäåéñòâèé è ïð. Äëÿ
ïðåîäîëåíèÿ óêàçàííûõ íåäî÷åòîâ áûëè ñîçäàíû ðàç-
ëè÷íûå ðàñøèðåíèÿ ÑÌ, îñíîâàííûå íà ðàçíûõ êîí-
öåïöèÿõ ââåäåíèÿ äîïîëíèòåëüíûõ ñèììåòðèé, ñàìîé
ïîïóëÿðíîé èç êîòîðûõ ÿâëÿåòñÿ ñóïåðñèììåòðèÿ
(SUSY). Â íàñòîÿùåå âðåìÿ îñíîâíûå ýêñïåðèìåíòàëü-
íûå óñèëèÿ íàïðàâëåíû íà ïîèñê õèããñîâñêèõ áîçîíîâ,
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A. A. Belkov, S. V. Shmatov

JINR’s Contribution to the CMS Physics
Programme

The main activity of JINR within the CMS project is
concentrated on the study, design, integration, and construc-
tion of the CMS endcap detectors, where JINR bears full re-
sponsibility in the framework of the Russia – JINR Member
States (RDMS CMS) collaboration. Professor I. A. Go-
lutvin has been the spokesman of the RDMS CMS collabo-
ration since the very beginning of the project. JINR partici-
pates in the following subprojects: Endcap Hadron
Calorimetry, First Forward Muon Station, Endcap Preshow-
er, and Physics Task Force. Mass-production of detectors is
progressing well. In 2002 JINR, together with other RDMS
CMS groups, successfully entered the CMS assembly and
installation period.

The CMS experiment opens a unique perspective to
check up the Standard Model (SM) in new energy scale and
search for new physics beyond SM. At present, SM de-
scribes very successfully the most of experimental data
from modern accelerators. However, there is a set of prob-
lems and drawbacks not removable in SM, such as follows:
description of CP-violation effects, hierarchy of masses, ar-
bitrariness of number of generations, formal unification of
strong and electroweak interactions, etc. To solve these
problems, various SM extensions have been developed on
the basis of different symmetry conñepts. The most
favourable of them is supersymmetry. The Higgs bosons
and supersymmetric partners of SM particles predicted by
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ïðåäñêàçûâàåìûõ ÑÌ è åå SUSY-ðàñøèðåíèÿìè, à òàê-
æå ñóïåðïàðòíåðîâ îáû÷íûõ ÷àñòèö. Îäíàêî, êðîìå
SUSY-ìîäåëåé, ìîæíî ïîñòðîèòü è äðóãèå ðàñøèðåíèÿ
ÑÌ, îñíîâàííûå íå íà ââåäåíèè ñóïåðñèììåòðèè, à íà
áîëåå øèðîêèõ êàëèáðîâî÷íûõ ãðóïïàõ. Òàêèì ñïîñî-
áîì ìîãóò áûòü ïîëó÷åíû ìîäåëè, äîïóñêàþùèå êîìïî-
çèòíóþ ñòðóêòóðó ôåðìèîíîâ, ëåïòîêâàðêè, ò. å. îáúåê-
òû, íåñóùèå îäíîâðåìåííî êâàðêîâûå è ëåïòîííûå
êâàíòîâûå ÷èñëà, à òàêæå ðàçëè÷íûå ëåâî-ïðàâî-ñèììå-
òðè÷íûå ìîäåëè, ïðåäñêàçûâàþùèå ñóùåñòâîâàíèå íî-
âûõ òÿæåëûõ ðåçîíàíñîâ (äâàæäû çàðÿæåííûå õèããñîâ-
ñêèå áîçîíû, äîïîëíèòåëüíûå êàëèáðîâî÷íûå áîçîíû

′Z , ãîðèçîíòàëüíûå êàëèáðîâî÷íûå áîçîíû R, îòâå÷àþ-
ùèå ãîðèçîíòàëüíîé ñèììåòðèè ìåæäó ïîêîëåíèÿìè
êâàðêîâ è ëåïòîíîâ).

Â 2002 ã. ïî èíèöèàòèâå È. À. Ãîëóòâèíà äóáíåí-
ñêèìè ôèçèêàìè áûëî íà÷àòî ñèñòåìàòè÷åñêîå èçó÷å-
íèå ïðîöåññîâ ñ æåñòêèìè ìþîíàìè â êîíå÷íîì ñîñòîÿ-
íèè (ñ ïîïåðå÷íûì èìïóëüñîì áîëüøå 300 ÃýÂ). Ýòè èñ-
ñëåäîâàíèÿ îòíåñåíû ê çàäà÷àì ïåðâîãî ïðèîðèòåòà â
ôèçè÷åñêîé ïðîãðàììå RDMS. Òîë÷êîì äëÿ ýòèõ èññëå-
äîâàíèé ïîñëóæèë òîò ôàêò, ÷òî âîçáóæäåííûå ìþîí-

íûå ñîñòîÿíèÿ, âîçíèêàþùèå â ìîäåëÿõ ñ êîìïîçèòíû-
ìè ôåðìèîíàìè, äîïîëíèòåëüíûå õèããñîâñêèå è êàëè-
áðîâî÷íûå áîçîíû, äèëåïòîíû SU ( )3 -ìîäåëè è ëåïòî-
êâàðêè èìåþò êàíàëû ðàñïàäà íà äâà ìþîíà. Òàêèå ìþ-
îíû ìîãóò áûòü èñïîëüçîâàíû äëÿ íàáëþäåíèÿ íîâûõ
ýôôåêòîâ, ïîñêîëüêó îñíîâíîé ôîí â ýòîì ñëó÷àå äàåò
ïðîöåññ ðîæäåíèÿ äðåëë-ÿíîâñêèõ ïàð, îïèñûâàåìûé
ÑÌ ñ âûñîêîé òî÷íîñòüþ. Èçó÷åíèå äðåëë-ÿíîâñêîãî
ñïåêòðà ïàð ìþîíîâ â ýêñïåðèìåíòå CMS ïîçâîëèò ïðî-
âåðèòü ïðåäñêàçàíèÿ ÑÌ è ñòðóêòóðó ýëåêòðîñëàáûõ ðà-
äèàöèîííûõ ïîïðàâîê ïðè çíà÷åíèÿõ èíâàðèàíòíîé
ìàññû ïàðû ìþîíîâ îò 2 äî 2,5 ÒýÂ. Ïðè èíâàðèàíòíîé
äèìþîííîé ìàññå âûøå 2,5 ÒýÂ âêëàä îò äðåëë-ÿíîâ-
ñêèõ ïàð ñòàíîâèòñÿ ïðåíåáðåæèìî ìàëûì ïî ñðàâíå-
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SUSY models are very famed objects on the search for
which the CMS experimental efforts are focused. In spite of
the supersymmetry concept, other extensions of SM can be
built also on the basis of wider groups of symmetry, while
SM is embedded into these groups. It leads to the composite
structure of leptons and partons, leptoquarks, and various
left–right-symmetric models predicting new heavy reso-
nance states (double-charged Higgs bosons, extra gauge
bosons ′Z , horizontal gauge bosons R).

In 2002, the systematic studies of physics processes
with hard muons in the final state (pT > 300 GeV) were ini-
tiated by I. A. Golutvin as one of the first priority tasks of
the RDMS physics programme. The starting point for these
studies is the fact that the excited muon states arising in
compositeness models, extra Higgs and gauge bosons,
dileptons from SU(3) models, and leptoquarks have a
dimuon decay mode that is a favour observation channel on
the background of Drell–Yan pairs production, which is de-
scribed by SM with a high accuracy. The study of the

Drell–Yan spectrum of muon pairs in the CMS experiment
allows one to test the predictions of SM and the structure of
electroweak radiative corrections up to dimuon invariant
masses of 2÷ 2.5 TeV. In the region above 2.5 TeV the rate of
Drell–Yan pairs becomes negligibly small as compared to
signals of new physics, which can be, thus, observed with
minimal background dependence. The cross-sections of ′Z

and R production (without high-order corrections) and
dimuon rates expected at the CMS are shown in the figure.
The discovery limit (100 dimuon events) on the resonance
mass for LHC is equal to about 3.5 and 4.5 TeV for 100 and
1000 fb −1 of integrated luminosity, respectively [1, 2]. The

Æåíåâà, äåêàáðü.
Ìîíòàæ óñòàíîâêè CMS â íàçåìíîì çàëå SX5 â ÖÅÐÍ

Geneva, December.
Installing of the CMS set-up in the ground SX5 hall at CERN
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íèþ ñ ñèãíàëàìè íîâîé ôèçèêè. Òàêèì îáðàçîì, â ýòîé
îáëàñòè îæèäàåìûå íîâûå ýôôåêòû èìåþò ìèíèìàëü-
íûé ôîí. Ñå÷åíèÿ ðîæäåíèÿ ′Z è R (áåç ó÷åòà ïîïðàâîê
âûñøèõ ïîðÿäêîâ) è ÷èñëî ìþîííûõ ïàð â ãîä, îæèäàå-
ìûå íà CMS, ïîêàçàíû íà ðèñóíêå. Ïðåäåëüíûå çíà÷å-
íèÿ ìàññ íîâûõ ðåçîíàíñíûõ ñîñòîÿíèé, êîòîðûå ìîãóò
áûòü îòêðûòû íà LHC (ïðè ìèíèìàëüíîé ñòàòèñòèêå
100 ñîáûòèé ðîæäåíèÿ ìþîííûõ ïàð â ãîä), ñîñòàâëÿþò
âåëè÷èíû ïîðÿäêà 3,5 è 4,5 ÒýÂ ïðè èíòåãðàëüíîé ñâå-
òèìîñòè 100 è 1000 ôá −1 ñîîòâåòñòâåííî [1, 2]. Çíà÷å-
íèÿ ìàññ R 0-áîçîíà è äâàæäû çàðÿæåííûõ õèããñîâñêèõ
áîçîíîâ, êîòîðûå ìîãóò áûòü äîñòèãíóòû íà CMS, îöå-

íèâàþòñÿ íà óðîâíå îêîëî 4,6 ÒýÂ è 500 ÃýÂ ñîîòâåò-
ñòâåííî ïðè èíòåãðàëüíîé ñâåòèìîñòè 100 ôá −1 [2].

Îäíîé èç íàèáîëåå ñëîæíûõ è ôóíäàìåíòàëüíûõ
ïðîáëåì ñîâðåìåííîé òåîðåòè÷åñêîé ôèçèêè ÿâëÿåòñÿ
ïîñòðîåíèå åäèíîãî îïèñàíèÿ âñåõ èçâåñòíûõ ñèë Âñå-
ëåííîé, à òàêæå àäåêâàòíîãî ñöåíàðèÿ åå ðîæäåíèÿ è ïî-
ñëåäóþùåé ýâîëþöèè. Â êà÷åñòâå îäíîãî èç âîçìîæíûõ
íàïðàâëåíèé íà ïóòè ïîñòðîåíèÿ òàêîé òåîðèè íåäàâíî
áûëà ïðåäëîæåíà ñîâåðøåííî íîâàÿ ïàðàäèãìà ñóùå-
ñòâîâàíèÿ ìèðà íà ïëîñêîì òðåõìåðíîì ìíîãîîáðàçèè
(3 + 1 áðàíå), âëîæåííîì â îáúåìëþùåå ïðîñòðàíñòâî
âûñøèõ èçìåðåíèé. Â òàêîì ðàññìîòðåíèè äîïîëíè-

òåëüíûå èçìåðåíèÿ íå ÿâëÿþòñÿ êîì-
ïàêòíûìè, êàê â ñòàðîì êàëóöà-êëÿéíîâ-
ñêîì ïîäõîäå, íî ìîãóò áûòü áîëüøèìè
èëè äàæå áåñêîíå÷íî áîëüøèìè. Â òåî-
ðèÿõ òàêîãî òèïà ãðàâèòîí æèâåò âî âñåì
ìíîãîìåðíîì ïðîñòðàíñòâå, òîãäà êàê
âñå îñòàëüíûå ñèëû è ïîëÿ ìàòåðèè ïðè-
âÿçàíû ê áðàíå. Ïðè ýòîì ñïåêòð êàëó-
öà-êëÿéíîâñêèõ âîçáóæäåíèé ÷àñòèö
ÑÌ, íàïðèìåð, êàëèáðîâî÷íûõ áîçîíîâ
è ãðàâèòîíà ñòàíîâèòñÿ íàáëþäàåìûì
óæå íà ìàñøòàáå ýíåðãèé ïîðÿäêà ÒýÂ è
ìîæåò áûòü èçó÷åí íà LHC. Â ÷àñòíîñòè,
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masses of R 0 boson and double-charged Higgs boson which
can be reached at CMS are estimated to be about 4.6 TeV
and 500 GeV, respectively, for an integrated luminosity of
100 fb −1 [2].

One of the most complicated and fundamental goals of
modern theoretical physics is to find a «unified» description
for all known forces of the Universe as well as an adequate
scenario of its creation and evolution. A quite new paradigm

of the large or infinite extra dimension
(LED) and brane world scenarios have re-
cently been discussed. In these theories, a
graviton lives in the whole multidimension-
al space, the so-called bulk, while the other
forces and particles of the Standard Model
are confined to the brane, i. e., usual 3 + 1
space-time dimensions embedded into the
space of the higher dimensions. In these
cases the Kaluza–Klein excitations of SM
particles and narrow heavy graviton states
appear already at the TeV-energy scale and
can be probed at LHC. In particular, the

Monte-Carlo studies show that the CMS experiment should

be able to test the Randall-Sundrum scenario (RS1) at 95 %

CL during one year of the LHC run (with a luminosity of

100 fb −1) for masses of the Kaluza–Klein graviton up to

2.2–5 TeV depending on the coupling constant [2]. In this

context the hard muons originated from Z 0 and W decays

are also of strong interest as a possible signal of the nonstan-

Çàâèñèìîñòè ïîïåðå÷íûõ ñå÷åíèé ðîæäåíèÿ ′Z - è R-áîçîíîâ îò èõ ìàññû (a) è âû-
õîäîâ ìþîíîâ îò ðàñïàäîâ ýòèõ áîçîíîâ îò èíâàðèàíòíîé ìàññû ìþîíîâ (á), îæè-

äàåìûõ íà óñòàíîâêå CMS ïðè èíòåãðàëüíîé ñâåòèìîñòè LHC 100 ôá−1. Ðîæäåíèå
′Z ðàññìîòðåíî â ðàìêàõ ïîñëåäîâàòåëüíîé ñòàíäàðòíîé ìîäåëè (SSM) è ëåâî-

ïðàâîé ìîäåëè (LRM). Äëÿ ñðàâíåíèÿ íà ðèñ. á ïîêàçàí âûõîä ìþîííûõ ïàð â ïðî-
öåññàõ Äðåëëà–ßíà

Cross-sections of ′Z and R production versus the mass of the resonances (a) and dimuon
rates versus invariant dimuon mass (b) expected at CMS for LHC integrated luminosity

100 fb−1. The case of ′Z production and decay is considered both in Sequential Standard
Model (SSM) and in Left–Right Model (LRM). For comparison, the dimuon rate for the
Drell–Yan mechanism is shown in plot b
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ìîäåëèðîâàíèå ïîêàçûâàåò, ÷òî óñòàíîâêà CMS ñïîñîá-
íà ïðîâåðèòü Randall-Sundrum ñöåíàðèé (RS1) ïî äè-
ìþîííîìó êàíàëó íà 95 %-ì óðîâíå äîñòîâåðíîñòè â òå-
÷åíèå ãîäà ðàáîòû LHC (ïðè 100 ôá −1) äëÿ äèàïàçîíà
ìàññ êàëóöà-êëÿéíîâñêèõ âîçáóæäåíèé ãðàâèòîíà îò 2,2
äî 5 ÒýÂ â çàâèñèìîñòè îò âåëè÷èíû êîíñòàíòû ñâÿçè
[2]. Â ýòîì êîíòåêñòå, òî åñòü êàê âîçìîæíûå ñèãíàëû îò
áîëüøèõ äîïîëíèòåëüíûõ èçìåðåíèé, ïðåäñòàâëÿþò
òàêæå èíòåðåñ æåñòêèå ìþîíû â ðàñïàäàõ Z 0 è W

(RS2-ñöåíàðèé èëè íåêîììóòàòèâíûå äîïîëíèòåëüíûå
èçìåðåíèÿ) [3].

Ôèçè÷åñêàÿ ïðîãðàììà RDMS âêëþ÷àåò òàêæå
èçó÷åíèå CP-íàðóøåíèÿ â ðàñïàäàõ B-ìåçîíîâ. Â Äóáíå
áûë ðàçðàáîòàí ïàêåò ìîäåëèðîâàíèÿ ïðîöåññîâ ðîæäå-
íèÿ è ðàñïàäîâ Â-ìåçîíîâ SIMUB [4], êîòîðûé èñïîëü-
çóåòñÿ êàê ÷àñòü îáùåãî ïðîãðàììíîãî îáåñïå÷åíèÿ
CMS. Äëÿ èçó÷åíèÿ âîçìîæíîñòè èñïîëüçîâàíèÿ óñòà-
íîâêè CMS äëÿ ðåêîíñòðóêöèè ñîáûòèé «çîëîòîãî ðàñ-
ïàäà» B Js

0 → /ψϕ è ýêñêëþçèâíîãî B-òðèããåðà â Äóáíå

áûëî ñãåíåðèðîâàíî 20 ìèëëèîíîâ òàêèõ ñîáûòèé. Ðå-
çóëüòàòû ñîîòâåòñòâóþùåãî àíàëèçà ïîêàçàëè, ÷òî, íå-
ñìîòðÿ íà âûñîêèé ïîðîã îáðåçàíèÿ ïî pT îáîèõ ìþî-
íîâ, íà óñòàíîâêå CMS ìîæíî çàðåãèñòðèðîâàòü äî
84 000 ñîáûòèé â ãîä íà ýòàïå ðàáîòû LHC ñ íèçêîé ñâå-

òèìîñòüþ. Ðàçðàáîòàí íîâûé ïîäõîä ê àíàëèçó ýòèõ ñî-
áûòèé, êîòîðûé îñíîâàí íà ìåòîäå óãëîâûõ ìîìåíòîâ è
ïîçâîëÿåò èçâëåêàòü èç ýêñïåðèìåíòàëüíûõ äàííûõ îä-
íîâðåìåííî áîëüøîå ÷èñëî ôèçè÷åñêèõ ïàðàìåòðîâ,
âêëþ÷àÿ ðàçíîñòü øèðèí ëåãêèõ è òÿæåëûõ ñîáñòâåí-
íûõ ñîñòîÿíèé, ∆Γ s [5]. Ýòîò ìåòîä îáåñïå÷èâàåò ñòà-
áèëüíûé ðåçóëüòàò äàæå íà ìàëîé ñòàòèñòèêå (íå ïðåâû-
øàþùåé 10 000 ñîáûòèé), ïðè êîòîðîé ñòàíäàðòíûé ìå-
òîä ìàêñèìàëüíîãî ïðàâäîïîäîáèÿ óæå ïåðåñòàåò
ðàáîòàòü. Â ÷àñòíîñòè, ìîäåëèðîâàíèå ïîêàçàëî, ÷òî íî-
âûé ìåòîä îáåñïå÷èâàåò òî÷íîñòü îïðåäåëåíèÿ ∆Γ s íà
óðîâíå 9 % ïðè ñòàòèñòèêå 100 000 ñîáûòèé è 30 % —
ïðè ñòàòèñòèêå 10 000 ñîáûòèé. Ïðè òåõ æå ñàìûõ óñëî-
âèÿõ ìåòîä ìàêñèìàëüíîãî ïðàâäîïîäîáèÿ äàåò òî÷-
íîñòü äëÿ ∆Γ s íå ëó÷øå 20 % íà ñòàòèñòèêå 100 000 ñî-
áûòèé, à äëÿ 10 000 ñîáûòèé ñòàíîâèòñÿ íåñòàáèëüíûì.

Ïðîäîëæàåòñÿ èçó÷åíèå ïðîöåññîâ ïðÿìîãî ðîæäå-
íèÿ γ è Z ñ öåëüþ êàëèáðîâêè àäðîííîãî êàëîðèìåòðà ïî
êàíàëàì «γ + jet» è «Z + jet», à òàêæå ìîäåëèðîâàíèå îò-
êëèêà àäðîííîãî êàëîðèìåòðà óñòàíîâêè CMS äëÿ îáú-
åäèíåííîé ñèñòåìû HE/HF. Ñ èñïîëüçîâàíèåì ïàêåòîâ
ïðîãðàìì CMSJET è CMSIM èññëåäîâàí âêëàä âîçìîæ-
íûõ ôîíîâ â íåîïðåäåëåííîñòè êàëèáðîâêè. Ñ ïîìî-
ùüþ ïàêåòà ORCA áûëî ñãåíåðèðîâàíî 40 000 ñîáûòèé
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dard physics, in particular, for indication of the large extra
dimensions (RS2 scenario or noncommutative LED) [3].

The RDMS physics programme also includes the study
of CP violation in B-meson decays. The SIMUB package
for simulation of B-meson production and decays has been
developed in Dubna [4] and incorporated in general CMS
simulation software. About 20 million Monte-Carlo events
of the so-called CMS golden B decay, B Js

0 → /ψϕ, have

been produced in Dubna for full simulation and reconstruc-
tion of this process in the CMS detector to study the exclu-
sive B-decay trigger. The results of this study show that sta-
tistics of about 84 000 events per year can be expected dur-
ing the low-luminosity run at the CMS detector in spite of
quite high two-muon pT cut required by trigger conditions.
A new method based on the angular-moment approach has
been developed to extract the physics parameters, including
difference of the light- and heavy-eigenstate decay rates,
∆Γ s , from the experimental data on the decay B Js

0 → /ψϕ
[5]. This method provides stable results for parameter deter-
mination even with small statistics (≤ 10 000 events) when
the standard maximum likelihood fit does not work at all. In

particular, the Monte-Carlo studies show that the new angu-
lar-moment-based method provides for ∆Γ s determination a
9 % precision with statistics of 100 000 events and 30 % —
with statistics of 10 000 events. Under the same conditions,
the maximum likelihood fit gives the precision for ∆Γ s not
better than 20 % with statistics of 100 000 events, while
with statistics of 10 000 events the fit becomes unstable.

The study of direct γ and Z production for in-site
calorimetry calibration with physics processes «γ + jet» and
«Z + jet» is being continued. The CMS hadron calorimeter
response of combined HE/HF system was simulated. The
contribution of background to the uncertainties of the cali-
bration has been studied using the CMSJET and CMSIM
simulation packages. The ORCA production was done for
40 000 «γ + jet» and 150 000 background events. On the
basis of the ORCA production, a study of the initial-state ra-
diation and background contributions to the calibration er-
rors has been performed [6].

The development of the CMS Heavy Ion programme is
in progress, with dominating contribution of JINR physi-
cists to the topic of Global Characteristics of ultra-relativis-
tic nucleus–nucleus collisions. In the framework of simula-

Â ËÀÁÎÐÀÒÎÐÈßÕ ÈÍÑÒÈÒÓÒÀ
AT THE LABORATORIES OF JINR



«γ + jet» è 150 000 ôîíîâûõ ñîáûòèé. Íà îñíîâå ýòèõ
äàííûõ áûëè èçó÷åíû âêëàäû èçëó÷åíèÿ â íà÷àëüíîì
ñîñòîÿíèè è ôîíîâûõ ñîáûòèé â îøèáêè êàëèáðîâêè
[6].

Äàëüíåéøåå ðàçâèòèå ïîëó÷èëè ðàáîòû â ðàìêàõ
ïðîãðàììû èññëåäîâàíèé ñ òÿæåëûìè èîíàìè íà óñòà-
íîâêå CMS, ãäå äóáíåíñêèå ôèçèêè âíåñëè îïðåäåëÿþ-
ùèé âêëàä â èçó÷åíèå ãëîáàëüíûõ õàðàêòåðèñòèê óëüò-
ðàðåëÿòèâèñòñêèõ ÿäðî-ÿäåðíûõ âçàèìîäåéñòâèé. Íà
îñíîâå ìîäåëèðîâàíèÿ ÿäðî-ÿäåðíûõ âçàèìîäåéñòâèé
ïðè ýíåðãèÿõ LHC áûëà ïðîäåìîíñòðèðîâàíà ïðèíöè-
ïèàëüíàÿ âîçìîæíîñòü îáðàçîâàíèÿ êâàðê-ãëþîííîé
ïëàçìû äàæå äëÿ ñîáûòèé öåíòðàëüíûõ âçàèìîäåé-
ñòâèé ëåãêèõ ÿäåð è íåöåíòðàëüíûõ âçàèìîäåéñòâèé òÿ-
æåëûõ [7]. Áûëî èçó÷åíî âëèÿíèå ïðîöåññîâ âòîðè÷íûõ
âçàèìîäåéñòâèé ïåðâè÷íûõ êâàðêîâ è ãëþîíîâ â ïëîò-
íîé ÿäåðíîé ñðåäå è ýôôåêòà ïàðòîííîãî ýêðàíèðîâà-
íèÿ â çàâèñèìîñòè îò àòîìíîãî íîìåðà âçàèìîäåéñòâóþ-
ùèõ ÿäåð, à òàêæå áûñòðîòíûå ðàñïðåäåëåíèÿ ìíîæå-
ñòâåííîñòè ðîæäåííûõ ïàðòîíîâ [8].
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tion of the nucleus–nucleus interactions at the LHC energy,
the fundamental possibility of the quark–gluon plasma for-
mation in the light-nuclei central interactions and in the
noncentral collisions of the heavy nuclei was shown [7]. The
influence of the secondary interactions of initially produced
quarks and gluons with dense nuclear matter and parton
shadowing effect on the atomic-number and rapidity depen-
dence of the particle multiple production was studied [8].
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