
ñðàâíåíèþ ñ íåäàëåêèì ïðîøëûì. «Ìû òâåðäî ïîääåð-
æèâàåì ðåàëèçàöèþ ïðîåêòà êîëëàéäåðà NICA è óáå-
æäåíû, ÷òî åñëè ýòîò ïðîåêò áóäåò ðåàëèçîâàí â ïëàíè-
ðóåìûå ñðîêè, òî îí âíåñåò âûäàþùèéñÿ âêëàä â íàøè
çíàíèÿ î ñâîéñòâàõ ñâåðõïëîòíîé ìàòåðèè… Óíèêàëü-
íàÿ âîçìîæíîñòü ðåàëèçîâàòü ïðîåêò NICA â Äóáíå íå
äîëæíà áûòü óïóùåíà», — ïðèøëè ê ìíåíèþ ó÷àñòíè-
êè äèñêóññèè â ñîâìåñòíîì ìåìîðàíäóìå ïî èòîãàì
îáñóæäåíèÿ.

Ðàçâèòèå èññëåäîâàíèé â îáëàñòè ôèçèêè òÿæåëûõ
èîíîâ áóäåò ïîääåðæàíî â ÎÈßÈ èçäàíèåì íîâîãî íà-
ó÷íîãî æóðíàëà «Ñòîëêíîâåíèÿ òÿæåëûõ èîíîâ», ïåð-
âûé âûïóñê êîòîðîãî ïîÿâèòñÿ óæå â 2010 ã.

Ïîäòâåðæäåíèåì òîãî, ÷òî Îáúåäèíåííûé èíñòè-
òóò ÿäåðíûõ èññëåäîâàíèé ñòàë èãðàòü åùå áîëåå çàìåò-
íóþ ðîëü íà ìåæäóíàðîäíîé àðåíå, ñòàë âûáîð Äóáíû â
êà÷åñòâå ìåñòà ïðîâåäåíèÿ â 2010 ã. îäíîé èç ñàìûõ
çíà÷èòåëüíûõ ìåæäóíàðîäíûõ êîíôåðåíöèé â îáëàñòè
òÿæåëîèîííûõ ñòîëêíîâåíèé ïðè âûñîêèõ ýíåðãèÿõ
«Critical Point and Onset of Deconfinement» («Êðèòè-
÷åñêàÿ òî÷êà è íà÷àëî äåêîíôàéíìåíòà»). Ýñòàôåòó
Äóáíå ïåðåäàëà Áðóêõåéâåíñêàÿ íàöèîíàëüíàÿ ëàáîðà-
òîðèÿ.

À. Â. Çàðóáèí, Ñ. Â. Øìàòîâ

Ó÷àñòèå ÎÈßÈ
â ïðîåêòå CMS

Â òå÷åíèå 2008–2009 ãã. óñèëèÿ ãðóïïû ÎÈßÈ â
ýêñïåðèìåíòå CMS [1] áûëè ñêîíöåíòðèðîâàíû íà òåõ-
íè÷åñêîì îáñëóæèâàíèè, ââîäå â ýêñïëóàòàöèþ è êàëè-
áðîâêàõ äåòåêòîðîâ â ðàìêàõ îòâåòñòâåííîñòè ÎÈßÈ çà
èçãîòîâëåíèå òîðöåâîãî àäðîííîãî êàëîðèìåòðà
(HE) [2] è êàìåð ïåðåäíèõ ìþîííûõ ñòàíöèé
(ME1/1) [3].

Ñ öåëüþ ïîëó÷åíèÿ êàëèáðîâîê äëÿ «ïåðâîãî äíÿ
ðàáîòû LHC» áûëè îáðàáîòàíû è ïðîàíàëèçèðîâàíû
äàííûå, íàáðàííûå CMS âî âðåìÿ ðàçëè÷íûõ èçìåðå-
íèé: êîìáèíèðîâàííîãî òåñòà êàëîðèìåòðè÷åñêîé ñè-
ñòåìû CMS íà ïó÷êàõ SPS, íà êîñìè÷åñêèõ ìþîíàõ ïðè
âêëþ÷åííîì è âûêëþ÷åííîì ìàãíèòíîì ïîëå è ïåðâîãî
ñåàíñà íà ïó÷êàõ LHC â 2008 ã. [4]. Èçó÷åíû ýíåðãåòè-
÷åñêîå ðàçðåøåíèå êîìáèíèðîâàííîé òîðöåâîé êàëîðè-
ìåòðèè, âêëþ÷àÿ àäðîííóþ (ÍÅ), ýëåêòðîìàãíèòíóþ
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proposed by Dubna physicists and engineers for advanced
scientific research.

Summing up the events, it is possible to say that the ex-
pediency and feasibility of the NICA project on the world
scientific expertise level has had considerable qualitative
evaluations. «We strongly support the implementation of
the NICA collider project and we are sure that if the project
is completed in time it will make an outstanding contribu-
tion to our knowledge about the properties of the super-
dense matter… The unique opportunity to put the NICA
project into action in Dubna must not be missed», says the
joint Memorandum on the discussion results.

A new scientific journal «Heavy Ion Collisions» will
accompany the research in the field of heavy ion physics at
JINR. Its first issue will be released in 2010.

Dubna has been chosen the place to hold one of most
important international conferences on heavy ion collisions
at high energies «Critical Point and Onset of Deconfine-
ment» in 2010. It was the Brookhaven National Laboratory
that passed the baton to Dubna.

A. Zarubin, S. Shmatov

JINR Participation
in the CMS Project

During 2008–2009 shutdown, efforts of the JINR
group in the CMS experiments [1] have been focused on
the maintenance, commissioning and calibration of the in-
ner endcap detectors, where RDMS bears full responsibili-
ty on Endcap Hadron Calorimeters (HE) [2] and First For-
ward muon Stations (ME1/1) [3].

To derive the «first-day» calibration coefficients, the
experimental data collected by the CMS detectors during
Magnetic and Cosmic Test (MTCC) 2006, combined end-
cap calorimetry test beam 2007, Global Runs with and
without magnetic fields, and the first LHC run (Halo Beam
Data) in 2008 were processed and analyzed [4]. The energy
resolution (with and without corrections) of combined end-
cap calorimetry, including hadron calorimeter (HE), elec-
tromagnetic calorimeter (EE) and preshower (ES), as well
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(ÅÅ) è ïðåäëèâíåâóþ (ES) ñèñòåìû, äëÿ èíòåðâàëà
ýíåðãèé ïèîíîâ SPS îò 4 äî 300 ÃýÂ (ñ óòî÷íåíèåì è áåç
óòî÷íåíèÿ), à òàêæå ñîîòâåòñòâóþùèå îòíîøåíèÿ ðå-
êîíñòðóèðîâàííîé ýíåðãèè ê òî÷íîé ýíåðãèè. Ýíåðãå-
òè÷åñêîå ðàçðåøåíèå òîðöåâîé êàëîðèìåòðèè äëÿ îò-
äåëüíûõ àäðîíîâ èìååò êîíñòàíòíûé ÷ëåí —
(3,9 ± 0,1) %, ñòîõàñòè÷åñêèé — (114 ± 0,7) %. Èçìåðå-
íî ïðîñòðàíñòâåííîå ðàçðåøåíèå HE äëÿ ðàçíûõ çíà÷å-
íèé àçèìóòàëüíîãî óãëà è ýíåðãèé ïèîíîâ [6]. Ââèäó
ãðàíóëÿðíîñòè ES, EE è HE äëÿ ñëó÷àÿ ñðàáàòûâàíèÿ
ES è ÅÅ êîîðäèíàòíàÿ òî÷íîñòü îïðåäåëÿåòñÿ ïîñëåä-
íèìè è, íåñîìíåííî, áóäåò ëó÷øå 7 ìì. Äëÿ ñëó÷àÿ ñðà-
áàòûâàíèÿ òîëüêî ÍÅ ñ èñïîëüçîâàíèåì ðàçðàáîòàííî-
ãî ìåòîäà ïîêàçàíî, ÷òî êîîðäèíàòíàÿ òî÷íîñòü ëó÷øå
3 ñì äëÿ ïèîíîâ ñ ýíåðãèåé áîëüøå 20 ÃýÂ.

Àíàëèç âëèÿíèÿ ìàãíèòíîãî ïîëÿ íà ôèçè÷åñêèå
õàðàêòåðèñòèêè HE ïîêàçàë, ÷òî ñèãíàë â ñöèíòèëëÿòî-
ðå óâåëè÷èâàåòñÿ â ïðèñóòñòâèè ïîëÿ íà 7,6 % è íàñû-
ùàåòñÿ â èíòåðâàëå çíà÷åíèé ìàãíèòíîãî ïîëÿ îò 2 äî
4 Òë. Ñèãíàë ñ ôîòîäèîäîâ âîçðàñòàåò ñ 1,1 % â ïåðåä-
íåé ÷àñòè êàëîðèìåòðà äî 1,8 % â åãî çàäíåé ÷àñòè.

Ñ ïîìîùüþ êàëèáðîâêè íà ðàäèîàêòèâíîì èñòî÷-
íèêå ðåçóëüòàòû êàëèáðîâêè íà ïó÷êå áûëè ïåðåíåñåíû
íà ðåàëüíûé ÍÅ. Ïðîâåðêà êàëèáðîâî÷íûõ êîíñòàíò
êàëîðèìåòðèè áûëà îñóùåñòâëåíà íà êîñìè÷åñêèõ ìþ-

îíàõ [4, 5]. Áûëî ïîêàçàíî, ÷òî ìþîíû îñòàâëÿþò â HE
ýíåðãèþ, ðàâíóþ 2,83 ÃýÂ; äëÿ ìþîíîâ SPS ýòà âåëè÷è-
íà áûëà ðàâíîé 2,69 ÃýÂ. Äàííûå æå ïåðâîãî ñåàíñà íà
ãàëî ïó÷êà LHC äàëè çíà÷åíèå 2,7 ÃýÂ. Âî âðåìÿ òåñòîâ
íà ïó÷êàõ êîñìè÷åñêèõ ÷àñòèö è ïåðâîãî ñåàíñà LHC
áûëî ïðîâåðåíî ñîâìåñòíîå ôóíêöèîíèðîâàíèå òîðöå-
âîãî àäðîííîãî êàëîðèìåòðà HE è òîðöåâûõ ìþîííûõ
ñòàíöèé CSC [4, 5]. Áûëà ïðîâåäåíà ïðîöåäóðà âðåìåí-
íîãî ñîãëàñîâàíèÿ äëÿ ñîâìåñòíîãî ôóíêöèîíèðîâàíèÿ
HE è ME1/1 — â ýòîì ñëó÷àå HE èñïîëüçîâàëñÿ êàê ìî-
íèòîð ñ âðåìåííîé òî÷íîñòüþ 3 íñ. Ïîëó÷åííûå ðå-
çóëüòàòû äåìîíñòðèðóþò äîñòîâåðíîñòü êàëèáðîâî÷-
íûõ êîíñòàíò (êàê äëÿ ÍÅ, òàê è äëÿ ÌÅ1/1), êîãåðåíò-
íîå ôóíêöèîíèðîâàíèå äåòåêòîðîâ òîðöåâîé ÷àñòè
CMS è îòíîñÿòñÿ ê óñëîâèÿì, ìàêñèìàëüíî ïðèáëèæåí-
íûì ê ðåàëüíûì.

Äëÿ îêîí÷àòåëüíîé ïðîâåðêè ðàáîòîñïîñîáíîñòè
äåòåêòîðíûõ ñèñòåì è èõ ñîâìåñòíîãî ôóíêöèîíèðîâà-
íèÿ â 2008–2009 ãã. ïðîâîäèëèñü òåñòû íà êîñìè÷åñêèõ
ìþîíàõ. Èç äàííûõ êîñìè÷åñêîãî òåñòà ïðè ìàãíèòíîì
ïîëå 3,8 Òë (CRAFT) ñ âåðñèåé ïðîãðàììíîãî îáåñïå-
÷åíèÿ CMSSW_2_2_0 áûëî ïîëó÷åíî ïðîñòðàíñòâåí-
íîå ðàçðåøåíèå òîðöåâûõ ìþîííûõ êàìåð. Â ÷àñòíî-
ñòè, äëÿ êàìåð ME1/1 cðåäíåå çíà÷åíèå ðàçðåøåíèÿ äëÿ
6-ñëîéíîé êàìåðû — îêîëî 50 ìêì [6]. Ïðîöåäóðà îá-
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as ratio of reconstructed energy to energy of beams were
studied. The SPS pion beams with energy from 4 up to
300 GeV have been used for this test. The constant term of
energy resolution of the endcap calorimetry derived from
the single hadron beams is equal to (3.9 ± 0.1)%; the sto-
chastic one is (114 ± 0.7)%. The HE spatial resolution for
various values of azimuthal angle and pion energy was
measured [6]. Due to ES/EE/HE granularity, the value of
spatial resolution is better than 7 mm in the case of signal in
both ES and EE. In case of the signal in the HE, this value is
better than 3 cm for pions with energy more than 20 GeV.
At that, the average waiting of signals from HE towers and
correction to reduce a systematic shift have been applied.

The analysis of the influence of the magnetic field on
HE performance shows that the signal in scintillators grows
while the magnetic field increases up to 7.6%, and is satu-
rated at the B-filed value in the range of 2–4 T. The HPD
signals are increased up to 1.1% for the front part and up to
1.8% for the rear part.

The results of TB calibration were extended on the real
HE using radioactive source calibration. These calibration
constants were tested in global CMS runs with cosmic
rays [4, 5]. The SPS muon energy deposition in HE is

2.69 GeV, in global runs 2.8 GeV, while in the first LHC
beam halo data it is 2.7 GeV. HE and CSC combined func-
tioning in Cosmic Tests and Halo Beam Data were test-
ed [4, 5]. Timing procedure for the ME1/1 station was per-
formed from a combined functioning of HE and ME1/1. In
this case, HE was used as monitor with timing precision of
3 ns. These results demonstrate veracity of the calibration
constants for both HE and ME1/1 and combined function-
ality of the CMS endcap systems at the near-real time tests.

To check finally operability of the detector systems
and its combined functionality, the cosmic tests were per-
formed in 2008–2009 (CRAFT). The CSC chamber spatial
resolution has been obtained from cosmic data with 3.8 T
magnetic field in CMSSW_2_2_0. In particular, for the
six-layer ME1/1 chamber the mean value of resolution is
about 50 microns [6]. Data processing and analysis were
performed in the framework of the distributed computing
system which has been used since 2006 and provides re-
mote access for data and calibration Data Bases both from
Dubna and from CERN. As a result of commissioning,
Endcap Hadron Calorimeters (HE) and forward muon
stations (ME1/1) are ready for data taking.
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ðàáîòêè è àíàëèçà äàííûõ áûëà âûïîëíåíà íà îñíîâå
ñïåöèàëüíî ðàçðàáîòàííîé ðàñïðåäåëåííîé êîìïüþ-
òåðíîé ñèñòåìû, êîòîðàÿ èñïîëüçóåòñÿ ñ 2006 ã. è îáåñ-
ïå÷èâàåò äîñòóï ê äàííûì è áàçàì äàííûõ êàëèáðîâî÷-
íûõ êîíñòàíò êàê èç ÖÅÐÍ, òàê è èç ÎÈßÈ. Òàêèì îáðà-
çîì, ðåçóëüòàòû òåñòîâ è êàëèáðîâîê òîðöåâîãî
àäðîííîãî êàëîðèìåòðà è ïåðåäíèõ ìþîííûõ ñòàíöèé
ïîêàçàëè, ÷òî äåòåêòîðíûå ñèñòåìû ãîòîâû ê ïðèåìó
äàííûõ.

Â õîäå CRAFT áûëè òàêæå èññëåäîâàíû ýôôåêòèâ-
íîñòè èäåíòèôèêàöèè è ðåêîíñòðóêöèè ìþîíîâ [7] äëÿ
äâóõ ðàçëè÷íûõ àëãîðèòìîâ — àëãîðèòìà ðåêîíñòðóê-
öèè êîñìè÷åñêèõ ìþîíîâ è àëãîðèòìà ðåêîíñòðóêöèè
ìþîíîâ â pp-ñîóäàðåíèÿõ (äëÿ èìèòàöèè ïîäîáíûõ ñî-
áûòèé èç äàííûõ êîñìè÷åñêîãî òåñòà îòáèðàëèñü ìþî-
íû, ïåðåñåêàþùèå âñþ óñòàíîâêó íà ðàññòîÿíèè íå áî-
ëåå 4 ñì ïî ðàäèóñó è 10 ñì ïî îñè ïó÷êà îò íîìèíàëü-
íîé òî÷êè âçàèìîäåéñòâèé). Áûëî ïîêàçàíî, ÷òî
ýôôåêòèâíîñòü àëãîðèòìà ãëîáàëüíîé ðåêîíñòðóêöèè
êîñìè÷åñêèõ ìþîíîâ ñîñòàâëÿåò 94,4 ± 0,6 %, à pp-àë-
ãîðèòìà — 98,7 ± 0,3 %.

Äëÿ îïåðàòèâíîãî è ýôôåêòèâíîãî êîíòðîëÿ ñîñòî-
ÿíèÿ è ðàáîòîñïîñîáíîñòè äåòåêòîðíûõ ñèñòåì, âêëþ-

÷àÿ èçìåðåíèå ôèçèêî-òåõíè÷åñêèõ õàðàêòåðèñòèê â
õîäå áûñòðîãî àíàëèçà ïîëó÷àåìûõ äàííûõ è ìîíèòî-
ðèíã íàáîðà ýêñïåðèìåíòàëüíûõ äàííûõ, â 2009 ã. â
ÎÈßÈ áûë ñîçäàí ðåãèîíàëüíûé öåíòð óäàëåííîé
îáðàáîòêè è àíàëèçà ýêñïåðèìåíòàëüíûõ äàííûõ (ñì.
ôîòî). Öåíòð ÿâëÿåòñÿ ÷àñòüþ ñèñòåìû îôô-ëàéí-îáðà-
áîòêè è àíàëèçà äàííûõ ÎÈßÈ (Tier-2), îñíîâàííîé íà
ãðèä-òåõíîëîãèÿõ è êîíöåïöèè êîîðäèíèðîâàííîãî èñ-
ïîëüçîâàíèÿ êîìïüþòåðíûõ ðåñóðñîâ ïðè îòñóòñòâèè
öåíòðàëèçîâàííîãî óïðàâëåíèÿ ýòèìè ðåñóðñàìè. Â àâ-
ãóñòå–ñåíòÿáðå 2009 ã. ðàáîòîñïîñîáíîñòü ñèñòåì öåí-
òðà áûëà ïðîâåðåíà âî âðåìÿ íàáîðà ýêñïåðèìåíòàëü-
íûõ äàííûõ â õîäå òåñòîâ íà êîñìè÷åñêèõ ìþîíàõ
CRAFT. Áûëè çàäåéñòâîâàíû ñèñòåìû ìîíèòîðèðîâà-
íèÿ êà÷åñòâà äàííûõ òîðöåâîé ìþîííîé ñèñòåìû (ëî-
êàëüíûé DQM), ãëîáàëüíîé ñèñòåìû îáùåãî êîíòðîëÿ
êà÷åñòâà äàííûõ êàê â îí-ëàéí-, òàê è â îôô-ëàéí-ðå-
æèìå (ãëîáàëüíûé DQM), ñèñòåìû êîíòðîëÿ âûñîêîãî
è íèçêîãî íàïðÿæåíèÿ, ñèñòåìû ìîíèòîðèðîâàíèÿ
ñáîðà äàííûõ (DAQ).

Â 2008–2009 ãã. ïðîäîëæàëàñü ðàçðàáîòêà êîìïüþ-
òåðíîé èíôðàñòðóêòóðû, ñîîòâåòñòâóþùåé ôèçè÷å-
ñêèì çàäà÷àì ÎÈßÈ â CMS è îñíîâàííîé íà ãðèä-òåõ-

14

Besides, during the CRAFT session, efficiency of
muon identification and reconstruction was studied both
for cosmic muon algorithms and for algorithms developed
for pp collisions [7]. To produce events with collision-like
muons, it was required that the distance between the point
of closest approach of the reference track and the nominal
position of pp interactions does not exceed 4 cm in R (the
beam-pipe radius) and 10 cm in Z (collision region at the
LHC start-up along beams). The efficiency of the standard
global muon reconstruction algorithm is (94.4 ± 0.6) % for

cosmic muon algorithm and (98.7 ± 0.3)% for pp-collision
algorithm.

In 2009 the dedicated regional centre of remote moni-
toring and data analysis (CMS Regional Operation Cen-
tre) [9] was founded (see photo). The main mission of this
centre is operational and efficient monitoring of the detec-
tor systems, its working efficiency including the measure-
ments of performance parameters during the fast data
analysis, monitoring of data acquisition and quality data.
The centre is a part of the GRID technology–based Tier-2

Öåíòð óäàëåííîé îáðàáîòêè è àíàëèçà äàííûõ
CMS â ÎÈßÈ (êîðïóñ 215 ËÔÂÝ)

The CMS centre of remote monitoring and data
analysis at JINR (Bldg. 215, VBLHEP)
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íîëîãèÿõ. Ðåãèîíàëüíûé öåíòð RDMS LCG áûë óñïåø-
íî ïðîòåñòèðîâàí. Íà÷àòî ñîçäàíèå ñïåöèàëüíîãî
RDMS CMS Tier-1 â ÖÅÐÍ äëÿ îáñëóæèâàíèÿ RDMS
öåíòðîâ Òier-2. Â åãî çàäà÷è âõîäèò ïðèåì äàííûõ
ìîíòå-êàðëî-ìîäåëèðîâàíèÿ èç öåíòðîâ RDMS è îáåñ-
ïå÷åíèå äîñòóïà ê ïåðâè÷íî ðåêîíñòðóèðîâàííûì ñî-
áûòèÿì (RECO), ñîáûòèÿì ñ ðåêîíñòðóèðîâàííûìè
ôèçè÷åñêèìè îáúåêòàìè (AOD) è äàííûì CMS (ðàñ-
ïðåäåëåíèå, õðàíåíèå, óïðàâëåíèå ïîòîêàìè) èç ýòèõ
öåíòðîâ. Áûëî âûäåëåíî ñîîòâåòñòâóþùåå ýòèì çàäà-
÷àì (~ 450 TÁ) äèñêîâîå è ëåíòî÷íîå ïðîñòðàíñòâî.

Ñåðòèôèöèðîâàíû ëèíèè ïåðåäà÷è äàííûõ èç/â
ÎÈßÈ â/èç Tier-1 (ÖÅÐÍ, Ãåðìàíèÿ, Ôðàíöèÿ), ïðîâå-
äåíà ïðîâåðêà âñåé öåïî÷êè ïåðåäà÷è äàííûõ: Tier-0 �
Tier-1 � Tier-2. Îäíîâðåìåííî ñ ýòèì ñàéòû RDMS áû-
ëè ñåðòèôèöèðîâàíû â ñîîòâåòñòâèè ñ òðåáîâàíèÿìè
CMS íà ïåðåäà÷ó äàííûõ ÷åðåç ñèñòåìó Phedex (ñêî-
ðîñòü ïåðåäà÷è äàííûõ èç Tier-1 â Tier-2 äîëæíà áûòü
íå ìåíåå 20 Máèò/ñ, à èç Tier-2 â Tier-1 íå ìåíåå
5 Máèò/ñ). Òåñòû ïîêàçàëè, ÷òî, â ÷àñòíîñòè, äëÿ ÎÈßÈ
òðàôèê áûë íå õóæå 28 Máèò/ñ.

Íà÷èíàÿ ñ 2008 ã. äåÿòåëüíîñòü ðåãèîíàëüíûõ
Tier-2 ñâÿçàíà ñ ôèçè÷åñêèìè çàäà÷àìè CMS. Òàê,
ÎÈßÈ àññîöèèðîâàí ñ ôèçè÷åñêèì àíàëèçîì CMS Ex-
otics è ðåêîíñòðóêöèåé ôèçè÷åñêèõ îáúåêòîâ CMS

Muon. Ñïåöèàëüíûå òåñòû ïîêàçàëè, ÷òî Tier-2 ÎÈßÈ
ñîîòâåòñòâóåò âñåì íåîáõîäèìûì òðåáîâàíèÿì, âêëþ-
÷àÿ ñåðòèôèêàöèþ ëèíèé ñâÿçè Tier-2 ÎÈßÈ ñ äðóãèìè
öåíòðàìè Tier-2, àññîöèèðîâàííûìè ñ òàêèìè æå ôèçè-
÷åñêèìè çàäà÷àìè, ÷òî è ÎÈßÈ. Â öåëîì ïðîöåññîðíûå
ðåñóðñû ÎÈßÈ îáåñïå÷èâàþò âñå óñëîâèÿ äëÿ ìîäåëè-
ðîâàíèÿ, à òàêæå îáðàáîòêè è àíàëèçà ïåðâûõ äàííûõ â
2009 ã.

Â îêòÿáðå 2009 ã. áûë ïðîâåäåí ãëîáàëüíûé òåñò óç-
ëîâ âû÷èñëèòåëüíîé ñèñòåìû CMS, âêëþ÷àÿ âñå ýòàïû
îáðàáîòêè è àíàëèçà äàííûõ â öåïî÷êå âû÷èñëèòåëü-
íûõ óçëîâ CMS: Tier-0/Tier-1/Tier-2 (òàê íàçûâàåìûé
October Exercise). Åãî öåëüþ ÿâëÿåòñÿ ïðîâåðêà ãîòîâ-
íîñòè CMS ê ïðèåìó, îáðàáîòêå è àíàëèçó ïåðâûõ ýêñ-
ïåðèìåíòàëüíûõ äàííûõ, îæèäàþùèõñÿ â íîÿáðå
2009 ã. ÎÈßÈ ïðèíÿë ó÷àñòèå â ýòîì òåñòå ñîãëàñíî
ñâîåé îòâåòñòâåííîñòè çà ïîääåðæàíèå äâóõ ãðóïïîâûõ
ïðîñòðàíñòâ CMS äëÿ ôèçè÷åñêîãî àíàëèçà è ðåêîí-
ñòðóêöèè. Â õîäå òåñòà ïðîâåðåíû íàäåæíîñòü ñóùå-
ñòâóþùèõ ñåðòèôèöèðîâàííûõ ëèíèé ïåðåäà÷è äàí-
íûõ (è àêòèâèðîâàíû íîâûå), ñòàáèëüíîñòü ðàáîòû
äèñêîâûõ ðåñóðñîâ, âû÷èñëèòåëüíûõ åìêîñòåé (job
slots), ïðîãðàììíîãî îáåñïå÷åíèÿ è ïð. Äëÿ ïðîâåðêè
âñåõ ýòàïîâ ðåêîíñòðóêöèè è ôèçè÷åñêîãî àíàëèçà â
ÎÈßÈ ïåðåäàíî ñâûøå 80 TÁ äàííûõ ìîíòå-êàðëî-
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sites which is focused on off-line data processing and
analysis. The centre was tested during August–September
2009 cosmic test (CRAFT). The CSC data quality monitor-
ing (local DQM), on-line and off-line global data quality
monitoring, CSC slow control systems, DAQ monitoring
system were in use remotely.

In 2008–2009 the development of the RDMS CMS
grid infrastructure has been continued. The RDMS LCG re-
gional centre was tested successfully. The CMS Tier-1 cen-
tre at CERN for RDMS is decided to act as the distribution
point for the RDMS Tier-2 access to CMS general AOD
and RECO data, and for the purposes of receiving Monte
Carlo data from the RDMS Tier-2 centres. A considerable
disk/tape space ~450 TB was provided at CMS Tier-1 for
data storage and transfer. The certification of transfer links
from/to JINR farms with three Tier-1 centres (CERN, Ger-
many, France) and validation of data transformation chains,
Tier-0 � Tier-1 � Tier-2 has been performed. RDMS
CMS sites were certified in accordance with the CMS re-
quirements for the Phedex data transfers (Tier-1–Tier-2
transfer rates of 20 MB/s and Tier-2–Tier-1 transfer rates of
5 MB/s). In particular, the transfer rate from CERN to JINR
was not less than 28 MB/s.

Starting in 2008, the JINR Tier-2 has been associated
with CMS Exotics Physics Analysis Group and CMS Muon
Physics Object Group. The special tests show that the JINR
Tier-2 satisfies all the requirements for such hosting, in-
cluding certification of data transfer links between JINR
and other Tier-2 centres associated also with the same CMS
Physics Groups. In general, JINR CPU resources are suffi-
cient for analysis of the first data after the LHC start and for
simulation.

In October 2009, the special global test of the CMS
Computing and Data model («October Exercise») was per-
formed. The goals are to check the CMS readiness for the
first data taking and analysis planned in November 2009.
JINR took part in the test within two Physics Groups (Exot-
ica and Muon) associated with the JINR sites. During the
Exercise, accessibility and stability of data transfer links,
disk resources, job slots, core and CMS software were test-
ed again and again. To check the reconstruction and analy-
sis procedures, above 80 TB, both MC data (RECO and
AOD) and cosmic test data (RAW), are transferred. The fi-
nal step was on-line processing of transferred data by JINR
physicists and publication of the obtained results in the
CMS Discovery Data Base.
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ìîäåëèðîâàíèÿ (RECO, AOD) è êîñìè÷åñêèõ òåñòîâ
(RAW). Çàêëþ÷èòåëüíûé ýòàï òåñòà âêëþ÷àë â ñåáÿ îá-
ðàáîòêó ôèçèêàìè ÎÈßÈ èíôîðìàöèè â ðåæèìå îí-
ëàéí-ïîñòóïëåíèÿ äàííûõ, ôèçè÷åñêèé àíàëèç è ïó-
áëèêàöèþ ïîëó÷åííûõ ðåçóëüòàòîâ (îáðàáîòàííûõ
ôàéëîâ è ãèñòîãðàìì) â ñïåöèàëüíîé áàçå äàííûõ CMS.

Óñèëèÿ ãðóïïû ÎÈßÈ â ôèçè÷åñêîé ïðîãðàììå
CMS òàêæå áûëè ñîñðåäîòî÷åíû íà ïîäãîòîâêå ê îáðà-
áîòêå è àíàëèçó ïåðâûõ äàííûõ 2009–2010 ãã. ñ îæèäàå-
ìîé èíòåãðàëüíîé ñâåòèìîñòüþ 10–200 ïá–1. Ïðîâåäå-
íà ïîäãîòîâêà ê àíàëèçó äàííûõ â êàíàëàõ [8], ãäå íî-
âûå ôèçè÷åñêèå ðåçóëüòàòû îæèäàþòñÿ óæå â ðåæèìå
ñòàëêèâàþùèõñÿ ïó÷êîâ LHC ïðè 7–10 ÒýÂ ñ íèçêîé
ñâåòèìîñòüþ. Íà îñíîâàíèè äàííûõ ìîíòå-êàðëî áûëè
ïîëó÷åíû ðåçóëüòàòû ïî âîçìîæíîñòè óñòàíîâêè CMS
äëÿ îòáîðà è ðåêîíñòðóêöèè íîâûõ ôèçè÷åñêèõ îáúåê-
òîâ. Êîìáèíèðîâàííàÿ ýôôåêòèâíîñòü äëÿ òðèããåðà
ïåðâîãî óðîâíÿ îäèíî÷íûõ è ïàðíûõ ìþîíîâ âûøå
99 % âî âñåì èíòåðâàëå çíà÷åíèé èçó÷åííûõ ìàññ (îò
0,25 äî 3,5 ÒýÂ). Êîìáèíèðîâàííàÿ ýôôåêòèâíîñòü äëÿ
òðèããåðà âûñîêîãî óðîâíÿ íåèçîëèðîâàííûõ îäèíî÷-
íûõ ìþîíîâ è íåèçîëèðîâàííûõ ïàðíûõ ìþîíîâ ñî-
ñòàâèëà ïîðÿäêà 97 %. Ïðè ýòîì ýôôåêòèâíîñòü îôô-
ëàéí-ðåêîíñòðóêöèè äëÿ ñîáûòèé Äðåëëà–ßíà ñ ìàññà-
ìè îò 0,25 äî 5 ÒýÂ ðàâíà 96–97 %. Ïîëíàÿ ýôôåêòèâ-

íîñòü ïðîöåäóðû ðåêîíñòðóêöèè ñ ó÷åòîì
íåýôôåêòèâíîñòè îòáîðà ñîáûòèé ~ 92–93 % äëÿ øèðî-
êîãî äèàïàçîíà ìàññ.

Ñ ó÷åòîì íîâîé ïðîöåäóðû ãåîìåòðè÷åñêîãî âû-
ðàâíèâàíèÿ ìþîííîé è òðåêåðíîé ñèñòåì ïðè 100 ïá–1,
à òàêæå ðàíåå ðàçðàáîòàííîé ïðîöåäóðû ìîäåëèðîâà-
íèÿ ýôôåêòà ðàçáàëàíñèðîâêè ðàçëè÷íûõ ñèñòåì ïðè
10 è 100 ïá–1 áûëè óòî÷íåíû âåëè÷èíû íåîïðåäåëåííî-
ñòåé, êîòîðûå äàííûé ýôôåêò âíîñèò â ôèçè÷åñêèå õà-
ðàêòåðèñòèêè ðåêîíñòðóèðîâàííûõ îáúåêòîâ. Áûëî ïî-
êàçàíî, ÷òî ýôôåêò ðàçáàëàíñèðîâêè âëèÿåò íà øèðèíó
ìàññîâîãî ðàñïðåäåëåíèÿ ðåçîíàíñíîãî ïèêà. Ïðè÷åì â
îáëàñòè èíâàðèàíòíûõ ìàññ 1 ÒýÂ ðåçóëüòàòû ñöåíàðè-
åâ ãðóáî ñîâïàäàþò (~ 7,5 %), à ïðè ìàññàõ 2 ÒýÂ ñîñòà-
âëÿþò ~13 % äëÿ ñöåíàðèÿ 100 ïá–1 è 9–11 % äëÿ ñöåíà-
ðèÿ ñ òðåêåðíûì âûðàâíèâàíèåì. Ðàçðåøåíèå ïî èíâà-
ðèàíòíîé ìàññå äëÿ ìþîííîé ïàðû â ñëó÷àå èäåàëüíîãî
âûðàâíèâàíèÿ ñîñòàâèëî 3–5 %. Ïðè ýòîì ýôôåêòèâ-
íîñòü îôô-ëàéí-ðåêîíñòðóêöèè íå ïîäâåðæåíà âëèÿ-
íèþ ýôôåêòà ðàçáàëàíñèðîâêè äàæå â ñàìîì ïåññè-
ìèñòè÷åñêîì ñëó÷àå.

Áûëî ïðîäîëæåíî èçó÷åíèå ðàäèàöèîííûõ ïîïðà-
âîê âûñøåãî ïîðÿäêà ê ïðîöåññàì Äðåëëà–ßíà â îáëà-
ñòè ìàññ áîëåå 1 ÒýÂ. Äëÿ àíàëèçà âëèÿíèÿ ýòèõ ïîïðà-
âîê áûë ðàçðàáîòàí ïàêåò ÷èñëåííîãî âû÷èñëåíèÿ
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The JINR physicists also intend to take part in the
preparation of the CMS Physics Programme of the first
LHC run. In 2009–2010, data with the integrated luminosi-
ty of 10–200 pb–1 are expected. In the framework of the
JINR-established physics tasks [8], rigorous preparations
of analyses of the most promising physics channels were
performed for the colliding beams energy of 7–10 TeV at
the low luminosity mode. The updated results on CMS per-
formance for triggering and off-line reconstruction of
dimuon pairs have been obtained. The combined efficiency
of the single-muon and dimuon triggers exceeds 99% at
masses from 0.25 up to 3.5 TeV. The combined efficiency
of the non-isolated single-muon and dimuon high-level
trigger (HLT) paths is about 97%. The off-line reconstruc-
tion efficiency for samples with SM Drell–Yan events is
about 96–97% for masses 0.25–5 TeV. The overall efficien-
cy of the full reconstruction procedure, taking into account
trigger and off-line reconstruction inefficiency, is about
92–93% for a wide mass range.

The estimations of misalignments and their uncertain-
ties were further refined with the final results of the new
track-based alignment procedures (100 pb–1) and the mis-
alignment scenario based on 10 and 100 pb–1 data devel-

oped before. Misalignment primarily affects the width of
high-mass resonance peaks. These approaches predict a
~7.5% width of the Gaussian fit to the mass resolution
spectra; at mass of 2 TeV, the width is ~13% in the 100 pb–1

misalignment scenario and lies in the range of 9–11% for
the track-based alignment trials. The dimuon mass resolu-
tion obtained with the ideal alignment in the same mass re-
gion is 3–5%. The off-line muon reconstruction efficiency
is not affected even in the most pessimistic misalignment
scenarios, once the alignment position errors are included.

The studies of electroweak radiative corrections to the
Drell–Yan process at masses above 1 TeV have been con-
tinued. To analyze the effect of this correction numerically,
the package READY [9] was developed, for simulation of
the detector acceptance the standard CMS cuts are used.

The obtained results have been used to develop the
first physics analysis aimed at the discovery of the narrow
resonances in the dilepton channel with the integrated lu-
minosity of 50 pb–1.

Based on the above-given studies, the potential of the
CMS experiment to measure Drell–Yan muon and to dis-
cover the new physics phenomena beyond the Standard
Model was re-estimated for an integrated luminosity of up
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READY [9]. Ïðè ýòîì èñïîëüçîâàëàñü ðåàëüíàÿ ãåîìå-
òðèÿ óñòàíîâêè CMS è ñîîòâåòñòâóþùèå êèíåìàòè÷å-
ñêèå îáðåçàíèÿ.

Ïîëó÷åííûå ðåçóëüòàòû ëåãëè â îñíîâó ðàçðàáîòêè
ìåòîäèêè àíàëèçà ïåðâûõ îæèäàåìûõ äàííûõ, íàïðà-
âëåííîãî íà îáíàðóæåíèå óçêîãî ðåçîíàíñà â äèëåïòîí-
íîé ìîäå ïðè èíòåãðàëüíîé ñâåòèìîñòè 50 ïá–1.

Íà îñíîâå âûøåïðèâåäåííûõ ðåçóëüòàòîâ ïðîâåäå-
íà îöåíêà ïîòåíöèàëà CMS ïî èçìåðåíèþ ìþîííûõ
ïàð Äðåëëà–ßíà è íàáëþäåíèþ ñèãíàëà íîâîé ôèçèêè
çà ïðåäåëàìè ñòàíäàðòíîé ìîäåëè äëÿ èíòåãðàëüíîé
ñâåòèìîñòè 10–500 ïá–1. Â ÷àñòíîñòè, áûëî ïîêàçàíî,

÷òî äàæå ïðè ïîíèæåííîé ýíåðãèè CMS ñïîñîáåí íà-
áëþäàòü ãðàâèòîí ìîäåëè RS1 ñ ìàññîé äî 1,5 ÒýÂ, åñëè
êîíñòàíòà ìîäåëè c ðàâíà 0,1 (ñì. ðèñóíîê). Äëÿ
c = 0,05, 0,02, 0,01 äîñòèæèìûé ìàññîâûé ïðåäåë ñî-
ñòàâëÿåò 1200, 780 è 500 ÃýÂ ñîîòâåòñòâåííî.

Òàêèì îáðàçîì, îæèäàåòñÿ, ÷òî äàæå â óñëîâèÿõ ïî-
íèæåííîé ýíåðãèè ñòàëêèâàþùèõñÿ ïðîòîíîâ è íèçêîé
ñâåòèìîñòè CMS ïîçâîëèò ïðîäâèíóòüñÿ â îáëàñòü èí-
âàðèàíòíûõ ìàññ, íåäîñòóïíûõ â íàñòîÿùèé ìîìåíò
äëÿ èçìåðåíèé â ýêñïåðèìåíòàõ íà òýâàòðîíå (FNAL,
ÑØÀ).
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to 10–500 pb–1. In particular, it was shown that the CMS al-
lows one to observe the RS1 graviton with mass up to
1.5 TeV, if coupling constant c = 0.1 (see figure). For
c = 0.05, 0.02, 0.01, the reachable mass values are 1200,
780 and 500 GeV, respectively.

Thus, it is expected that the CMS allows us to extend
discovery mass limits up to invariant mass region uncov-
ered so far by the Tevatron experiments, even for the scaled
down LHC energy at the low luminosity regime.

Ìàññîâûå îãðàíè÷åíèÿ íà íàáëþäåíèå RS1 KK-ðåçîíàíñíîãî
ñîñòîÿíèÿ íà CMS â äèìþîííîì êàíàëå. Ïðèâåäåíû îãðàíè-
÷åíèÿ òýâàòðîíà è îæèäàíèÿ íà LHC ïðè ðàçíîé ñâåòèìîñòè

The CMS mass limit for RS1 KK-resonance state. The dimuon
channel is considered. The current Tevatron restrictions and ex-

pected LHC limitations are given
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