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Yuactue OUSAMU B npoexte CMS

B xonme 2018 1. Obl1 3aBeplieH BTOPOHM ceaHC
(Run 2) wa Bonemom agpoHHOM KoJUTaiiiepe, ITUBIIAN-
Csl TPW TOJIa, TIPU PHEPTUHU CTOIKHOBEHUH my4koB 13 THB
B C.I[.M. B YCJIOBHUSIX CBETUMOCTH 0 2,1 - 103 em?-¢ L.
B skcnepumente CMS ObITH MTOTYYESHBI BaKHEHIIIHE pe-
3yJBTAThI 110 U3YYCHHUIO CBOMCTB 0030HA XWrrca, mperu-
3WOHHBIM H3MEPEHUsM IporieccoB CTaHTapTHON MOIeIn
B3anmogeiicteuil (CM) u mpoBepke ee MpeacKa3aHui,
BKJIIOYasi PeAKHE pacrajbl HarogoOue pacnaaoB 0030-
Ha Xwurrca wii B-Me30HOB Ha mapy MIOOHOB, TIO TTOMCKY
CUTHAJIOB «HOBO¥» (u3uku 3a npeaenamu CM [1]. Ocodo
WHTEPECHO OTMETUThH HaOMIoneHne dPQeKra «Oerymein»
Macchl TON-KBapka, npenckasanHoro CM, pacmnansl 6o-
30Ha XUITCa Ha Mapsl c- U D-KBapKoB, a Takke OOHApy-
JKeHHE COBMECTHOTO POXKICHUS OJWHOYHOTO t-KBapka
n Z-6030Ha.

B xome obpaborku u anammsza ganHeix LHC Run 2
C Ha4aJIbHOM CTATUCTUKOM, COOTBETCTBYIOLEH HHTEIPalb-
Ho# ceetnmoctH (L, ) 1o 36 67!, B kamamax ¢ mapoii
MIOOHOB U MHOJKECTBEHHBIM POXKACHUEM KECTKUX YaCTHUI]

¢uzukamu OVISIN ObuTH MOTyYeHBI HOBBIE HKCIIEPHMEH-
TaJbHBIC OTPAaHUYCHUSI HA PsiJ Mojeied HOBOH (usmku
U TIpOBEZICHA MpOBepKa mpeackazanuii CM. Ananu3 maH-
Heix ¢ L = 140 @6 Taxke yKe IOYTH 3aBepIleH, pe-
3yJBTaThl B CTAIUM YTBEPKCHNUS Kotabopannei.
IIpuopuTeTHBIM HANPaBICHUEM UCCIIEAOBAHUN IPyII-
el OUAN B CMS sBnsieTcs MOUCK HOBBIX TSDKEINBIX pe-
30HAHCOB, MPEACKA3BIBAEMbIX MHOTUMH TEOPETHYECKUMU
MOJIENISIMH, B YACTHOCTU MOJAEISIMH C PaCIIMPEHHBIM Ka-
JTOPOBOYHBIM CEKTOPOM, COJIEPIKAIINM JJOMOIHUTEIbHBIE
KanmOpoBouHbIe 0030HHBI (Z' co crMHOM 1), cleHapusIMH
HHU3KO3HEPreTHYECKOH TpaBUTALUK (MAaCCHBHBIC Kally-
I1a-KJICTHOBCKHE MOJbI 'PAaBUTOHA — YaCTHIBI CO CIIU-
HOM 2) M MOJICJISIMH C KaHJMJIaTaMH B TEMHYIO MaTepHIO
(mepeHOCUYNKHN B3aMMOICHCTBUS MEXITy TEMHOW M BUIU-
Mo# Marepuel, yactuisl co cnuHoM O mwin 1).
KoMOmHNpOBaHHEIN aHANMNW3 POXICHHUS MIOOHHBIX H
ANEKTPOHHBIX Map MO3BOJIMI YCTAaHOBUTH HIDKHHUE Mpe-
JIeNIbl Ha Macchl IpeAcKa3blBaeMbIX pe3oHaHcoB [2]. Ha
puc. 1, cieBa mprBeACHBI 3aBUCUMOCTH CEUCHHUI POXKae-
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JINR Participation in the CMS Project

The second run of the Large Hadron Collider (LHC
Run 2) was completed at the end of 2018. It lasted about
three years at a collision energy of 13 TeV with luminosity
up to 2.1-10% cm?2-s71.

The CMS experiment obtained many pioneering re-
sults, among which the most important are: studying the
properties of the Higgs boson, precision measurements of
the Standard Model (SM) predictions, including rare de-
cays of the Higgs boson or B mesons into a pair of muons,
searches for signals of new physics beyond the SM [1]. Of
special note are studies when CMS physicists have investi-
gated an effect called the “running” of the top quark mass,
a fundamental quantum effect predicted by the Standard
Model, as well as a direct search for a Higgs boson de-
caying into charm and bottom quarks and observation of
single top quark production together with a Z boson.

The JINR physicists have concentrated on the anal-
ysis of physics processes with pair of muons in the final
states and multiple production of hard particles. They ob-
tained new experimental limits on a number of models
of new physics. The data of the LHC Run 2 with initial
statistics, corresponding to an integrated luminosity (L;,)
up to 36 fb~!, were used for these studies. A measurement
and detailed study of the characteristics of the lepton pairs
production in the Drell-Yan process were also carried out.
The analysis based on data with L, = 140 b1 is also al-
most completed, but these results are in the stage of ap-
proval by the collaboration. Besides, it is important to note
that some work was continued to complete the analysis of
data from the previous LHC Run 1 (2010-2012), which
took place at an energy of 7-8 TeV.

Searches for new heavy resonances predicted by dif-
ferent theoretical models are a priority of the JINR group.
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Puc. 1. Cnesa: Bepxuuii mpenen (95% C.L.) Ha cedenne poxkaeHUs Tap JENTOHOB, HOPMUPOBAHHOE HA CEUCHUE POXKACHUS Z-0030Ha,
Ul pe3oHaHca co ciuHoM 1. [IpuBeneHsl TeopeTndeckue cedeHus A Moaean SSM u i KaauOpOBOYHON MOJETH Z'w [2]. Cmpa-
Ba: BepxHuit mpenen (95% C.L.) Ha 3Ha4YeHHsT Macc 4aCTUILI TEMHOW MaTepuu (IMPAKOBCKOTO (hepMHOHA) B 3aBUCHMOCTH OT MacChl
nepeHocurka B3aumoneicTeuil Mexxny CM u TM, B ynpormeHHo# 3 deKTHBHOM MOIeNu 1 BEKTOPHOTO MEPEHOCUYHKA B3aUMOACH-
cTBUi [2]. HampaBneHue mTPUXOBKH Ha TMHUAX TOKa3bIBAaeT UCKIIOUYCHHBIC 00IaCTH 3HAYCHUN
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Fig. 1. Left: the upper limits at 95% CL on the product of production cross section and branching fraction for a spin-1 resonance, relative
to the product of production cross section and branching fraction of a Z boson, for the combination of dielectron and dimuon chan-
nels [2]. Theoretical predictions for the spin-1 Z'gqy, and Z'w are shown for comparison. Right: limits at 95% CL for the masses of the
DM particle, which is assumed to be Dirac fermion, and its associated mediator, in a simplified model of DM production via a vector
mediator [2]. The lines with the hatching represent the excluded regions

Among them are the new gauge bosons Z' with a spin 1,
which arises in the models with extended gauge sector,
massive Kaluza—Klein spin-2 graviton states from scenar-
ios of low energy gravity (the Randall-Sundrum model of
extra dimensions, RS1), and high-mass dark matter medi-
ators with spin 1 or 2.

A combined analysis has been performed for new
high-mass resonances decaying into electron or muon
pairs [2]. Observations are in agreement with Standard
Model expectations. Upper limits on the product of a new
spin-1 and spin-2 resonance production cross section and
branching fraction to dileptons are calculated in a model-in-
dependent manner (Fig. 1, left). The limits are expressed as
a function of R , which is the ratio of the cross section for
dilepton production via a new boson to the measured cross
section for dilepton production via the Z boson in the mass
window 60—120 GeV. Expressing the limits as a ratio re-
duces the dependency on the theoretical prediction of the
Z boson cross section as well as the correlated experimen-
tal uncertainties. For the Z'gg), (Z'W) particle, which aris-
es in the sequential Standard Model (superstring-inspired
model), a lower mass limit of 4.5 (3.9) TeV is set at 95%
confidence level (Fig. 1, left). These limits extend the pre-
vious ones from CMS by 1.1 TeV in both models. Limits
for other models with charged lepton pair production via

a Z' vector boson can, in the narrow-width approximation,
be obtained by recasting the combined upper limit at 95%
CL discussed above. Commonly considered models are
the generalized sequential model (GSM), containing the
Z'4q\q boson that has SM-like couplings to SM fermions;
GUT models based on the E; gauge group, containing the
Z' boson; and high-mass neutral bosons of the left (L)-
right (R) symmetric extensions of the SM based on the
SU(2), ®SU(2)z®U(1)g | gauge group, where B-L refers
to the difference between baryon and lepton numbers. The
lightest Kaluza—Klein graviton arising in the RS1 mod-
els, with coupling parameters «/Mgn of 0.01, 0.05, and
0.10, is excluded at 95% confidence level below 2.10,
3.65, and 4.25 TeV, respectively (k is the warp factor of
the five-dimensional anti-de Sitter space and Mgy is the
reduced Planck mass) [2]. Thus, the CMS experiment has
made significant progress in the field of measured invari-
ant masses of muon pairs and has established new limits
compared to previous measurements at the LHC.

The results are also interpreted in the context of a
simplified model with a DM particle that has sizeable in-
teractions with SM fermions through an additional spin-1
high-mass particle mediating the SM—DM interaction. In
the simplified model under consideration, only one DM
particle exists, which is assumed to be a Dirac fermion.
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HUS HOBBIX PE30HAHCOB CO CITMHOM | M 2, ¢ y4eToM Be-
POSITHOCTH MX pacliajia Ha Napy JISNTOHOB, OT WHBAapH-
AQHTHOH Macchl JIENTOHOB. JIJIi yMEHBIICHUS BIMSHUA
cucTeMarnyeckux 3(QQeKkToB cedeHUs: HOPMUPOBAHBI Ha
ceyeHne poxjeHusi Z-6o3oma CM. g pacmmpeHHOTO
KaJINOPOBOYHOIO CEKTOpa C KOHCTAaHTAaMM CBSI3H C Ma-
Tepuel, paBHBIMH KOHCTaHTaM cBs3u Z-0o3oHa B CM
(SSM), 3HaueHmss Macc HOBBIX HEHTpANBHBIX KaaHOpO-
BOYHBIX 0030HOB Zgg\ ObUIN UCKITIOUEHBI € 95%-M ypOB-
HEM IIOCTOBEpHOCTH BILIOTH 10 4,5 TaB, a mus Z'w Ka-
TUOPOBOYHON Mojenu, 0oOyCIOBIEHHON CymnepcTpyHHON
teopueir, — 10 3,9 ToB. B pamkax npuOImKkeHus y3KOro
pE30HaHCa ¢ MOMOIIBI0 PEUHTEPIPETALNY JAHHBIX TAKKE
OBUTH MOJYYEHBI OTPaHMYCHUSI HA MAcChl APYTUX JIOTOJI-
HUTEJIBbHBIX BEKTOPHBIX O030HOB — B MOJEJSX C LIEHOY-
KaMH 10CJIe/IOBATENIbHBIX HApyIICHU CHMMETPHH C TpyII-
no# E, B xkmacce moneneit Generalized Sequential Model
(GSM) u moneneit ¢ neBo-npaBoil cummetpueit (LRM),
OCHOBaHHBIX Ha PACIIMPEHHON KaJIMOPOBOYHOW IpyIie
SU(2), ®SU(2);®U(1)g | (rne B u L — coorsercTBEHHO
GaproHHOE 1 JlenToHHOE 4nciio). C NCIOIb30BaHUEM TOTO
e HaOJII0IaeMOoro KaHajla ¢ 1apoil KOHEYHBIX JIENTOHOB
ObUTH OIpeieeHbl MUHMMAJIBHO BO3MOKHBIC 3HAYCHHS
Macchl IEPBOTO  Kallyla-KJIEHHOBCKOTO BO30YKICHUS

1
TpaBUTOHA G§<|)< B MOACIN C JOIIOJHHUTCIBHBIMU H3MEC-
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peansamu Panmamn—Canrnpyma, tam 1 (RS1) — 2,10, 3,65
u 4,25 T>B gnsa xoncrants! cBs3u €= 0,01, 0,05 u 0,10
(rzte € ompenenseTcs Kak oTHomeHue /Mgp, € — KpHBH3-
Ha MpocTpancTBa anTu-ne-Cutrepa, a Mg — maTHMeEp-
HBIW TUIAHKOBCKHUE MaciiTal) [2]. Takum oOpa3zom, Koi-
naboparwst CMS cyIiecTBeHHO MPOABUHYIACH B 00JIaCTH
M3MEPEHHBIX MHBAPHAHTHBIX MAacC IMap MIOOHOB M ycCTa-
HOBWJIA HOBBIE OIPAaHUYCHHSI 110 CPABHEHHUIO CO CBOMMH
npensinymuMu usMepenusimu Ha LHC.

Pe3ynpTarhl 10 MOUCKY HOBBIX TSDKENBIX TUICHTOH-
HBIX PE30HAHCOB OBLIM BIEPBBIC MPOMHTEPIIPETHPOBAHEI
B pamkax 3((dexkTHBHONH Moxenu B3aumoneictBuss CM
U CKPBITOTO CEKTOpa TeMHOH Marepuu. [lomydeHs! pee-
JBI HA MacChl YaCTHI[ TEMHON MaTepUH M MEPEHOCIYUKOB
B3aMMOJICHCTBUSL U3 BUAUMOTO B CKPBITBIH CEKTOpP IS
BapHUaHTOB BEKTOPHOTO (pHC. 1, CripaBa) U akCHAJIbHO-BCK-
TopHOro nepeHocuuka. B 2019 r. 3aBepuien ouepenHoit
muki uccnenosannii Ha manHeix LHC Run 2 curmanos
HEPE30HAHCHOTO THUIMAa B TWJICNTOHHOM KaHale, KOTOPhIC
MTO3BOJIMJIM YCTAHOBUTH OTPAHWYCHUS HA TapaMeTphl IIu-
pokoro psima (U3NIECKHX CIeHapueB 3a pamkamu CM,
npescKa3piBalonux OTkIoOHeHust oT CM. B wactHOCTH,
JUTSE MOJICJICH KOHTaKTHBIX B3aUMOJCUCTBUI YCTaHOBJICH
HIDKHUH TIpefieNl Ha XapaKTepHBIH MaciuTad B3amMoei-
ctBuii A, kotopbiii coctaBun 20-32 TaB. Taxxe B Moje-

Limits at 95% confidence level on the masses of the dark
matter particle and its mediator are presented for two cases
with different sets of benchmark coupling values, i.e., dark
matter production via a vector (Fig. 1, right) or axial vector
mediator.

A search for non-resonant excesses in the invariant
mass spectra of electron and muon pairs has also been
completed in 2019 [3]. No significant deviation from the
Standard Model is observed. Limits are set at 95% con-
fidence level on energy scales for two general classes of
non-resonant models. For a class of fermion contact in-
teraction models, lower limits ranging from 20 to 32 TeV
are set on the characteristic compositeness scale A. For the
Arkani-Hamed—-Dimopoulos—Dvali model of large extra
dimensions, the first results in the dilepton final state at
13 TeV are reported, and values of the ultraviolet cutoff
parameter A below 6.1-9.3 TeV are excluded [3].

Being based on Run 2 data, the CMS performed im-
portant tests of the perturbative framework of the SM. In
particular, JINR group contributed to a precision measure-
ment of the differential cross section for the Drell-Yan
process at 13 TeV [4]. The total cross section is measured
as a function of dilepton invariant mass in the range 15 to

2000 GeV, and compared with the perturbative predictions
of the SM (Fig.2, left). The measured differential cross
sections are in good agreement with the theoretical cal-
culations.

An additional analysis aimed to search for new phys-
ics, closely related to the study of the “pure” dilepton
channel and, in a sense, its extension, is devoted to the
search for light resonances in the final state with two mu-
ons of the opposite sign accompanied by at least one jet
from the b quark. The cross section of the associated pro-
duction with bottom quarks of a new light boson (scalar or
vector), times the dimuon branching fraction of its decay,
can be large in proton—proton collisions at the LHC, e.g.,
in 2HDM or in some Z' models. This analysis [5] is based
on data from proton—proton collisions at center-of-mass
energies of 8 and 13 TeV, collected with the CMS detector
at the LHC and corresponding to integrated luminosities of
19.7 and 35.9 b1, respectively. An excess of events above
the background near a dimuon mass of 28 GeV is observed
in the 8 TeV data, corresponding to local significances of
4.2 and 2.9 standard deviations for the different categories,
respectively. A similar analysis conducted with the 13 TeV
data results in a mild excess over the background in the
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JU ¢ TJIOCKUMHU TOTIONHHUTEIBHBIMA m3MepeHnsMu ADD
(Arkani-Hamed-Dimopoulos—Dvali) 3Hauenust ¢ynna-
MEHTAJIBHOTO MHOTOMEPHOTO IUIAHKOBCKOTO MaciuTaba
ObLIH MCKITIOUCHBI HIDKE 6,1-9,3 TAB B 3aBHUCHMMOCTH OT
YHclia JOTTOJHHUTENBHBIX H3MEPEeHUH (0T 2 10 7 COOTBET-
CTBEHHO) [3].

Taxoke 8 2018—2019 rr. ObUIH OCYIIECTBICHBI ITYOJTH-
Kallii TIEPBBIX PE3yJIBTaTOB MPEIM3HOHHBIX TecToB CM,
MIPOBE/ICHHBIX C TIOMOIIBIO N3yUCHHS YUCICHHBIX XapaKTe-
PUCTUK POXKACHUS IIap JIENTOHOB B npouecce dpemia—SHa
npu 3uepruu 13 TaB B c.11. M. [4]. Beuto usmepeno aud-
(bepeHIaTBPHOE CEUYEHUE TAPHOTO POXKACHUS JICTITOHOB
do/dM (M — unBapraHTHas Macca napbl JICITOHOB) B JIU-
amaszone ot 15 o 2000 I'=B (puc.2, cnesa) U mpoaeMoH-
CTPUPOBAHO XOPOIIIEe COTTIACHE MTOTyUCHHBIX Pe3yIbTaToB
¢ npenckazanusiMi CM B 1epBOM U BO BTOPOM TTOPSI/IKaX
teopun BosmytieHus (NLO u NNLO). JlonomHUTeNbHbIH
aHaJIM3 BO3MOXHBIX TPOSIBIICHUH HOBOW (DM3HKH, OIH3KO
CBSI3aHHBIN C M3YYCHUEM «YHCTOTO» TIJICITOHHOTO KaHa-
Ja W SIBISIONIMICS B KAKOM-TO CMBICIIE €r0 PaCIIUpEHHU-
€M, MOCBSIICH MOUCKY JIETKMX PE30HAHCOB B (pMHAIBLHOM
HAOTIOJAEMOM COCTOSTHUH C JIByMs MIOOHAMH TIPOTHBO-
MIOJIO’KHOTO 3HAaKa B COIPOBOXJICHUHM MHUHHMYM OJIHOH

CTpyH OT h-KBapka ¥ C IOTOJHHUTEIBHBIMH YITy4IIArOIIN-
MU TOYHOCTb PEKOHCTPYKIIMU CTPYSIMH B IBYX Pa3IMUHBIX
kareropusx. [Ipu aHanuse naHubix, HabpaHHbx CMS npu
snepruu 8 ToB (L, = 20 p61), Gbito 06HapyxeHo mpe-
BEIIIICHHUE YHCIIa COOBITHH B 00IacT Macc okojo 28 I'hB
1o cpaBHeHHIo ¢ oxunanusiMu CM Ha ypoBHE OKOJIO
4 craHmgapTHRIX OTKJIOHeHMH. OIHAKO TepBbIEC JaHHBIC
mpu 13 T>B He moaTBepawim 3T0 HaOMOIEHHE — TIpe-
BBIIIICHUE COCTABUIIO TOJIBKO 2 CTaHJAPTHBIX OTKIOHECHUS
B OJJHOI Kareropuu COOBITHH, a BO BTOPOH HaOIromaics
HEIO0CTAaTOK COOBITHI BMecTO n30bITKA [5]. i1t mpoBepku
9THX PE3YyNbTaTOB U OKOHYATEIBHBIX BBIBOJOB HEOOXOAN-
Ma 00paboTKa IKCIIEPUMEHTAIBHBIX AaHHBIX 0 ITOJHOMN
HaOpaHHO# cTarucTrke Run 2.

Omsukun OMSN akTUBHO y4acTBYIOT B (pOpMHpOBa-
HUH IPOTPaMMBI HCCIIEI0BAHUH U B ITOIYIEHUH PE3yJIbTa-
TOB JyIsl (PU3NYECKUX aHAIIM30B, CBSI3AHHBIX C U3YUYCHHEM
MPOLIECCOB MHOKECTBEHHOTO POXK/ICHHS )KECTKUX YaCTHIL.
OtkioHenue ot npeackazannii CM B 3TOM KaHajie MOXKET
CIIy)XHMTh NPU3HAKOM PA3JIMYHBIX MPOLIECCOB HOBOH (hu-
3MKH, TAKUX KaK POXKJICHHUE M pacrajl MUKPOCKOITHMYECKHX
yepHBIX AbIp (MYJl) B MOmensx HU3KOIHEPTIeTHUECKON
MHOTOMEpPHON TpaBuTanuu (00JIaCTh OTBETCTBEHHOCTH

Puc.2. Crnesa: nuddepennuansroe ceuenne do/dM poskaenus nap sentoHoB B npouecce dpemna—Iua [4]. Crnpasa: 3aBUCHMOCTb
OrpaHMYEHUH HA MUHMMAJIBHYIO Maccy KBasukiaccuueckux MUJI ot Benuuunb! hyHIaMEHTaIbHOTO IIAHKOBCKOTO Maciutada My s
Pa3INYHbIX MOJENIBHBIX CLICHAPUEB M YUCIIA JTONOIHUTEIBHBIX H3MepeHuii N [6]
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Fig.2. Left: the differential DY cross section measured for the combination of the two channels and as predicted by the NNLO theoret-

ical calculation of FEWZ in the full phase space [4]. Right: the observed 95% CL lower limits on M,?,l

H

in as a function of fundamental

Planck scale M at different number of extra dimensions n for the different models [6]

first event category corresponding to a local significance
of 2.0 standard deviations, while the second category re-
sults in a 1.4 standard deviation deficit [5]. To verify these
results and final conclusions, it is necessary to analyze ex-
perimental data on the full Run 2 statistics.

JINR physicists actively participate in the preparation
of a research programme and in obtaining results for stud-
ies of the processes of multiple production of hard parti-
cles, which are another important test of SM. Deviation
from SM predictions in a multi-jet channel can be a sign of
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rpymel OMSI), kackagHbIe TPOIECCH CYyIePCUMMETPHH,
POXKIICHHE U paciiaj JCITOKBAPKOB U MP. AHAJIN3 MHOXE-
CTBCHHOTO POXKICHUS JKCCTKHX YAaCTUI[ OBbLI BBHITOJHEH
Ha OCHOBE JKCIIEPUMEHTANbHBIX JaHHBIX CMS, HaOpaH-
HeIX B 2015-2016 rT. ¢ HWHTErpambHOW CBETHMMOCTBHIO
35,9 6! [6]. BriepBbie GbLIM MONYHYEHbl MOJETBLHO-HE-
3aBucuMbIe Tipeaens! (95% C.L.) Ha cedeHus: poKACHUS
JKECTKHMX YaCTHUI] ¢ MHOKeCTBEHHOCTHIO 10 N > 11 B 00ma-
CTH 3Ha4EHMH MOJTHON MonepeyHol SHEPrUr B COOBITHH St
or 1,5 1o 8,0 TaB. IIpn MakCUMaNbHBIX 3HAYEHUAX Sy BE-
JUYMHA BEPXHUX TpaHull cedeHui cocrasiser 0,08 ¢O.
Pesybrarhl SKCIIEPUMEHTAIBHBIX U3MEPEHUI COBIAIAIOT
¢ npeackazanusmMu CM. Ha ocHoBaHuMU MpelcKa3aHUid
TEOPETUYECCKUX CIEHAPHEB MHOTOMEPHOH HH3KOIHEp-
reruueckoil rpasuranuu (RS1 u ADD) Obuin nosyueHst
HOBBIC IKCIIEPUMEHTAIILHBIC OTPAHUYCHUS HA MUHUMAJIb-
HYIO JIOIYCTHUMYIO MacCy KBa3HKIACCHUCCKUX M KBAHTO-
BbIXx MY/l B 3aBHCHUMOCTH OT 3Ha4eHUs (yHAAMEHTAIb-
HOTO MHOTOMEpHOTo MaciuTaba rpasutauun My u uncna
JOTIOTHUTEIBHBIX M3MepeHnit N. HiskHuit mopor Ha Maccy
kBasukiaccuyeckort MUJI cocrasusier 7,2—10,1 ToB B 3a-
BUCHUMOCTH OT Pa3IMYHBIX MEXaHHU3MOB OOpa30BaHUSI U
IBOJIIOIIH dTOTO 00BEKTA CHIILHOACHCTBYIONICH TpaBUTa-
uH (cM. puc. 2, cipasa). [lomydeHHBIC pe3ynbTaThl 3HAYH-
TEJIBHO PACIIHUPSIIOT OIPAaHHYCHHSI HAa COOTBETCTBYIOIINE
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napaMeTphl 3TUX MOJEJIeH, yCTAaHOBICHHBIE HA OCHOBE
JaHHbIX Run 1.

[Tpu nmposenenun Run 2 mist 6ecriepedoiinoro Habopa
JTaHHBIX OblTa oOecrieueHa HajexkHask paboTa BHYTPEHHUX
TOPLEBBIX JETEKTOPHBIX CUCTEM B PAMKaX OTBETCTBEHHO-
ctu OUSAN — TopueBoro aaponHoro kanopumerpa HE
u nepenHel MooHHoi cranumu ME1/1, npoBoauics mo-
CTOSIHHBII KOHTPOJIb UX TEXHUUECKUX XapaKTEPUCTHUK.

BaxxnsIm 3TanoMm skcnepuMenta CMS sBrseTcs mia-
HOBasi MOJICPHU3AIMS JAETEKTOPHBIX CHCTEM Ul odecrie-
yeHus1 3(pHeKTHBHON PabOTHI BCEX CUCTEM B yCIOBHSIX BbI-
cokoit ceetumoctH (Gomee 1034 cm 2 ¢ !) B mporton-mpo-
TOHHBIX coyaapeHusx npu nonaHod sHeprun LHC. DOra
(haza MonepHU3aMK OBITa HaYaTa BO BpeMsI TIEPBOU JUTH-
tenbHOM octaHoBkM LHC (Long Stop 1) B 2013-2015 rr.
U MIPOJIOJIKEHA BO BPEMsI BTOPOH ATUTENBHON OCTaHOBKHU
(Long Stop 2), xoropast 3akoHuuTCs B 2020 . OU3UKH
OUSIN mpomoinkaroT aKTHBHO y4YacTBOBaThb B padoTax
M0 MOJIEpHHU3AIlMK TOPLEBOW aJAPOHHON KalopUMETpUU
U TOPLEBON MIOOHHOW CHCTEMBI.

OnnoBpemenHo ¢ 3tuM rpynmna OMAN aktuBHO y4a-
CTByeT B HAy4HO-METOAMYECKUX HccienoBaHusx (R&D)
1o MozaepHuzanuu ycranoBkn CMS nst paboTsl B yc-
noBusix Beicokor cBerumoctn HL-LHC. OcnHoBHOe Ha-
MpaBJeHnEe PaboOT COCPEIOTOUEHO HA ONTHUMH3AINN KOH-

various specific processes of new physics: production and
decay of microscopic black holes (MBH) form low-energy
multidimensional gravity models (the responsibility of the
JINR group) or leptoquarks, cascade supersymmetry pro-
cesses, etc. The data sample corresponding to an integrated
luminosity of 35.9 fb~! collected with the CMS experiment
in 2015-2016 has been used in energetic, high-multiplicity
final states to search for evidence of physics beyond the
Standard Model, such as black holes and string balls [6].
Model-independent 95% confidence level upper limits are
set on the production cross section and acceptance for such
final states, as a function of the minimum total transverse
energy Sy up to 8 TeV for minimum final-state multiplic-
ities between 3 and 11. These limits reach 0.08 fb at high
S; thresholds. By calculating the acceptance values for
benchmark black hole and string ball signal models, these
model-independent limits have been converted into low-
er limits on the minimum semiclassical MBH mass and
string ball mass. The limits extend as high as 10.1 TeV
(Fig. 2, right), thus improving significantly on previous re-
sults of Run 1.

To provide uninterrupted data taking during LHC
Run 2, reliable operation of the CMS inner endcap detec-

tors was provided, where RDMS bears full responsibility
on Endcap Hadron Calorimeters (HE) and First Forward
Muon Stations (ME1/1). A data quality monitoring has
been performed to allow one to interrogate and to analyze
collected data. Studies of the detector performance were
also performed.

A very important phase of the CMS experiment is
scheduled to upgrade the detector systems to facilitate an
effective operation of subsystems at high luminosity of
more than 103 cm=2-s7! in pp collisions at the nominal
LHC energy. This phase was launched at the beginning of
the LHC Long Stop in 2013-2015 (LS1) and is contin-
ued during the second LHC Long Stop (LS2) which will
be completed in 2020. The experts from JINR continue to
participate actively within JINR responsibilities for muon
stations and endcap calorimetry.

In parallel, JINR group has been actively involved in
R&D for the CMS Phase 2 Upgrade for operation at very
high luminosities at HL-LHC. The main task was optimi-
zation of configuration and construction of the prototype
of the module for the endcap hadron calorimeter to facili-
tate operation at 3000 fb! of integrated luminosity.




B IABOPATOPUAX NHCTUTYTA

¢urypanun ¥ CO3AaHHM INPOTOTHUNA MOIYJSl TOPLEBOTO
aIpOHHOTO KaJIOpHUMETpa AJsl paboThI IIPU MHTETPATTLHON
ceeTumocTH 110 3000 Gp6 .

Om3uku OUSU BHOCAT onpeneNnron i BKIa B aHa-
nu3 pu3ndeckux naHHbX mepsoro (2010-2012 rr.) u BrO-
poro (2015-2018 rr.) muxioB padotsr LHC: Tompko 3a
2017-2019 rr. moxroroBneHo 8 myOIUKAIiA KoJuTabopa-
1 CMS B penieH3upyeMbIX HayYHbIX KypHaaxX, a TaKkKe
pabotsl (HOTHI) Koumaboparuu (17 paboT), cTaTbu B Kyp-
Hanax (9 paboT), MarepuaIsl MEKIYHAPOTHBIX HAYIHBIX
MeponpusTHid 1 Ap. (Bcero 35 pabor). IlomHbI crimcok
myOnukanwii  koyurabopanmu CMS 3a maHHBIM TepHOn,
B TOM 9HCIIE ¢ y9acTHeM npenctasurenein O, Bximio-
gaeT 346 HaydHBIX paboT. 3a MOCIEeNHUE TOABI B paMKax
Hay4YHOH NeATENbHOCTH 0 TeMe OBUIM TPOBEICHBI MEXK-
JQyHapomHoe pabodee coBemnanue xkomrabopannu CMS mo
Pa3BUTHIO TIPOTPaMMBbI (PU3UUECKUX UCCIECIOBAHUI U MO-
JIEpHU3AIMH 3KCIEPHUMEHTAIbHOTO KOMIUIEKca ATl pabo-
TBI TIpU ycioBusx Oompmmoit ceetumoctd LHC (Bapmna,
2017 r.) m MexxIyHaponHas KoH(pepeHIns Koutabopanun
RDMS CMS (Tamkent, 2018 1.). Takke Ha MOCTOSHHOMN
OCHOBE JCHWCTBYET OOIEHHCTUTYTCKUI ceMuHap « Pu3nKa
Ha LHC» (http://rdms.jinr.ru/).

JINR physicists play a crucial role in physics analy-
ses of the data of the LHC Run 1 (2010—2012) and LHC
Run 2 (2015-2018): within last three years alone, the eight
CMS public papers were published in scientific journals,
17 CMS notes on physics analysis and CMS operation
and upgrade works for the CMS calorimeter system for
high luminosity regime of LHC and number of papers with
CMS results review and future physics with 13 TeV Run
and proceedings (35 papers in a total) were prepared. The
total list of publications by JINR scientists within the CMS
collaboration includes 346 papers. In recent years the 2nd
CMS workshop “Perspectives on Physics and on CMS
at HL-LHC” (Varna, 2017) and the 20th Annual RDMS
CMS Collaboration Conference (Tashkent, 2018) were
held. The joint RDMS seminar “Physics at the LHC” also
works permanently (http://rdms.jinr.ru/).
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