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Superconducting Solenoid
Silicon Tracker

¥ =
Very-forward 1@y 5 Pixel Detector
Calorimeter

Electromagnetic
Calorimeter

Compact Muon Solenoid

Why dimuons? Because it is Compact MUON solenoid where Dubna group plays
important role since conceptual design through PhTDR up to physics analysis!

I strong B-field and long lever arm (from IP and tracker to Muon system) for
precise momentum estimation

I high precision muon detectors with redundant muon trigger
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Standard model weak points (except for Higgs found recently):
C Hierarchy Problem

V fine tuning ofhlggs masses is needeq to | - @ | c/_jg v ' @ H
Aneutralizeo contribution f romeeh i geh OiFuordef'é%%ﬁ
Corrections :t.:Mewc‘ :E:f;MeVlcz :.;&Gew:’ :

12 d/ 112 S/ 12 b/ 1 3

V huge gap between Electroweak (102 GeV) and down strange || botiom photon
Planck scale (10%° GeV) scales), : e 11 T 3
GraVIty/EW - 1019/102 Gev’) Uzelectron : muon ; tau | Z boson g

v

o

. . v 2 eVic? <017 MeVic? <15.5 MeV/c? 804 GeVic? o

C Yukawa hierachy (explanation of mass patterns  5° wy © vy ° » " W
E electron muon tau W boson 2

for quarks and |eptons) . neutrino neutrino neutrino C]

C Unification of interactions, number of generations
(why 3?) they can not be fixed in the framework of SM

C Gravity is not described by SM

C Set of cosmological and astrophysical problems (inflation, dark matter, CP-
violation in the early Universe etc)
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u SUSY(yomsdgPd RPV/ spl it/ GM SUSY¢é)

UHBY sdzdzed Isj dz' dz" J(EDJ L d3J toj dzd W _
VssotsLBZYHjddY KOMEJdyYyFa@NCeé SM is reproduced,
VBIStesMS s dyd MSdj j tedzr jWw hierarchy, includes
(Co0OLdS dzOMMdyuj MSd,, frllstglzdz‘GraVity, harmonious
CoOdzlstsor j wyjtedsr j HT tor ) cosmol ogi cal
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CtOmh dtej dgdzr 2 COdzdBtetsotsydzr 2 My SIstste

U ExXQCDS OdzdBtetso sy s dzstclstizf © OC e dzs sper , HJC
UEXEW  (aNpt EOEY SHEB W@ J Wiwq unification, tuning,
ey (dyflssi)p 0wt d CPviolationé
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| OMmMh qtejdzdzr | S OdzdBtetso s
Extended Gauge Model (EGM)

< Xy

from a GUT theory E; or SO(10) from other extended models
C EG6 effective rank-5 model C Sequential Standard Model (SSM)

new gauge bosons are just heavy
version of SM Z% and W

C Alternative LRM (ALRM) C Un-Unified Model (UUM)
SU(2),2 SU(2)r ® U(1)z, but SU(2);® SU(2)43 U(1)y
from Eq

C Left-Right Symmetric Model (LRM)
SU(2).2 SU(2)g* U(1)s.L

I i dBsHjdd f ©OMh dioj dedes? COdzdB oo sydes? ¢ ok
BZso' T COddB toso BWdEZR Sdsd Bz lsdzd yOs s B3O M
¢ ts dzfy s O dgls ® a3 )
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- + - + - : :
L. Randalland R. Sundrum (RS1 scenario), PRL833370 U0.99- Gy - ee ,.mm g gjet+ et
(1999) R

7] Bulk 5D curve space with AdS; oz L ]

Planck slice: _ ]

two 3(brane)+1(extra)+time! B ot B

N 2 i _

e Heavy KK-excitations of g .
%é gravitons (spin-2 state) <

< -8 |
. i} €= kiMgp |
Mpiaca b QEngbosFEacbhbgkiedFdyeo-A§E |‘.3.‘Tl....|....|....|....|.. |
o 1000 2000 3000 4000 GO00 8000

N. Arkani - Hamed, S. Dimopoulos, G. Dvali ( ADD scenario), My (GeV)

Phys.Lett. B429(1998), Nuc.Phys.B544(1999)

masen e AR (up to 6) flat i Euclidian Graviton contributions to SM (Drell-Yan)

o : Processes (non-resonant):
extra spatial dimensions
/ Forces Aundamental scale is not LN e ! e
[ planckian: My ~ TeV Son” S
minDgroiten . A SM forces live on 3D brane

R~ 1M, A Only gravitons are

[/ >va\ / multi-dimensional a- so- 1t
S Forces Mpy = Va M = (20 R)" M

Our World 3+1
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C Heavy Resonances and Non-Resonant Signals (extended gauge

models, extra dimensions, technicolor)
Y dileptons, dijets, diphotons, ttbar, WZ

C Non-Resonant Signals (extra dimensions, compositeness)
Y dileptons, dijets, diphotons

C Mono-particle + Missing ET (extended gauge models, extra dimensions,

technicolor)
Y mono-jet + MET, mono-photon + MET, mono-lepton + MET

C High-multiplicity events (microscopic black holes, leptoquarks,

4™ Generation ) Heavy KK-excitations of
Y all particles, leptons + jet(s) gravitons (spin-2 state)

pp_ GKKizKKizi_ e+e',/ﬁ/77

Extra gauge bosons Zj (spin-1 state)
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I OMMmisIste dzdzr J Isdqfr M

A ¢Hms@@r' BsH' ©OMIOHO ZOLOCIkjtedL k¥ Isfw
ftejor hOshdj dzjfflstsdeds j), dets fkh j Mo j dedats

it WH MdedzOdzse dz BBy jIs B s+ dzOBdzE HOJ &3 B J L

Two types of signals

Heavy graviton resonances (RS1 model), one Very specific signature:

warped extra dimension 1z Production without suppression from small
‘ coupling constant, Hawking evaporation,
corrected black body decay spectrum, large
multiplicity in FS, ellipsoid shape.

Huge number of variables in analyses.

de/dM {pb/GeV)

Numberof ED

Entangled Mp, Mming,,
Non-resonant models like ADD and contact

interactions, number of ED ngp =2 = 7, scale Mgp, Eaiaenelebatype

signals
. M a fundamental
D :8er” multidimensional scale

directly from an experiment!
(MM ). n)eAT(LO) . :

Scalar sum of the transverse energies of jets
(Sy), in dilet production (like ClI)

1) spectra, Jet + missing E,
effectlve description like Cl (non-resonant signs).
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Looking for New Gauge Bosons

in CMS

V. Palichik and S. Shmatov

Joint Institute for Nuclear Research
Dubna

CMS Physics Meeting April 30t 2002
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CMS DETECTOR

STEEL RETURN YOKE
Total weight : 14,000 tonnes 12,500 tonnes SILICON TRACKERS
Overall diameter : 15.0 m Pixel (100x150 pm) ~16m* ~66M channels
Overall length :28.7m Microstrips (80x180 pm) ~200m?> ~9.6M channels
Magnetic field  :3.8T

SUPERCONDUCTING SOLENOID q)'r
Niobium titanium coil carrying ~18,000A ~ 1 0 _ 1 5% @10(Bev
MUON CHAMBERS pT

Barrel: 250 Drift Tube, 480 Resistive Plate Chambers
Endcaps: 468 Cathode Strip, 432 Resistive Plate Chambers

PRESHOWER
Silicon strips ~16m* ~137,000 channels

FORWARD CALORIMETER
Steel + Quartz fibres ~2,000 Channels

— == AD.5% A—

E VvE
CRYSTAL
ELECTROMAGNETIC
CALORIMETER (ECAL)
~76,000 scintillating PbWO, crystals

s. 120 .

ZE="" /%

HADRON CALORIMETER (HCAL)
Brass + Plastic scintillator ~7,000 channels

A NP N

Detector subsystems are designed to measure: the energy and momentum of
photons, electrons, muons, jets, missing E; up to a few TeV
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L1 Trigger Rates

|. Belotelov et al.
CMS PTDR, Vol.l (2006)

)

L1 Trigger TI}E:?FO}I':I Prescale {E]a_ll; L1 Trigger Tl}gzl:;)}ld Prescale {llfaHtj}
A ESingleMul 3 1000 | 0.01 £ 0.00 A 8ingleEs8 5 1000 | 0.01 + 0.00
il i - skl Chllell A SingleEG10 10 100 [ 0.04 4+ 0.01
A_2ingleMu’ 7 1| 111+004 & 2ingleRG1l2 12 100 [ 0.03 +0.01
SingleMu U U4 U A S8ingleE515 15 1] 1.51+005
A 8ingletuld 4 1] 618+002 A_8ingleEG20 20 1[ 052003
A 8ingleMuzl 20 1| 0.09+001 A 2ingleRG25 25 1| 025+002
SingleMuZ’s 25 1] 006+ 001 A SingleJet70 70 100 | 0.02 £0.01
% 8ingleIsoEGS 5 10000 [ 0.00 + 0.00 h_Singledet100 100 1[ 043 +0.02
A SingleIsoEGE 8 1000 | 0.01 + 0.00 A Singleds=t150 150 1] 0.07 £001
A SingleIscEGLO 10 100 | 0.04 & 0.01 Z_5ingleJet200 200 1] 002 +001
A 5inglelscEGLZ 12 1] 247 £006 A SingleTaudetdl 40 1000 | 0.02 +£0.01
L SinglelscEGLA 15 1] 1.10+0.04 A SingleTauJet20 &0 1] 068003
A 83ingleIlscEG20 20 1] 032002 A SingleTaudetl0O 100 1] 0.20+0.02
L SinglelsoEG25 25 1] 0.14+0.01 A_HTT250 250 1] 256+006
A EingleE3S 5 10000 [ 0.00 £+ 0.00 A _HTTS00 300 1| 065003
Contimued on next page ... A_HTT400 400 1| 0.08+001
A_HTTS00O 500 1| 0.02+0.00
A _ETMZ0 20 10000 [ 0.00 4 0.00
L _ETM30 30 1| 569+0.09
A_ETM40 40 1| 040 +002
A_FTMS0 50 1| 0.05+001
e X ] FAuN '} Ll el
A DoubleMul 1] 028 +£0.02
B DoubleIscEGLO 10 1| 0.08+£0.01
A DoubleEGH 5 10000 [ 0.00 £+ 0.00
A DoubleE310 10 1| @19 +0.02
A DoubleEG1S 15 1| 005+0001
e Threshold Rate A DoukleJet70 7 1| 058+£0.03
Ta- Trigper Gevy | Trescale) o A Doubledet100 100 1] 011001
A TecFGl0_TJet 30 10,30 1 1.05 4+ (.05 A DcoubleTaudJet 20 20 1000 0,02 £ 0,01
& I=oBEGLl0 Jet20 10,20 11 3.04 £ 006 A DoubleTauJet 30 30 100 | 0.08 £0.01
% TscEcl0 Tetin 10,70 11 026 002 A DoubleTauJetdl 40 1| 2364006
A _IscEGLO_TaudetZ0 10,20 T| 1.95+005 AMu3 IS0EGS 3,5 1] 095004
A _TsoEGL0_Taudet30 10,30 1| 1.33+004 AMuS IsoBCL0 5,10 1] 0042001
A_Taudet30_ETM30 30,30 T| 196+ 005 AMu3 EGL2 512 1] 0094001
A _Taudet30 ETMA0 30,40 1| 0.26+ 0.02 AMu3 Jetld 3,15 20 | 030002
A TripleMus 3 1| 0.01 £ 000 R MuS_Jetl5 515 1] 1e2+005
A Tripledst50 50 1| 0.22+002 AMu3 JetT0 3,7 1| 0.10+001
E Quaddet 30 30 T| 0.585+0.03 A MuS5_Jet20 520 1] 118+0.04
% MinBias HTTLO 10 large 0.40 & MuS5_TauJet 20 520 1] 0664003
A rerobias 0 large 0.40 L MuS_TaudJet 30 5,30 1] 038+002
Total L1 Trigger Rate (kHz) [ 1667 £ 015 | | SEIHnEelf-sstlo 1915 2], G0

Table 8.1: Trigger table showing L1 rates at chosen threch-

=B

olds for £ = 103 cm—2 51,
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HLT Trlgger Rates . Belotelov et al.

CMS PTDR, Vol.I (2006)

. Thresholds HLT Rate | Total Rate s Thresholds HLT Rate | Total Rate
HLT path L1 dit HLT path L1 condition
pa condition (GeV) (Hz) (Hz) P (GeV) (Hz) (Hz)
Single Isolated u 2 SingleMu? 11 18322 183 Triple-Jet + ET A_ETM30 (60, 60) 0.6 0.0 84.4
Single Relaxed u 2 SingleMu7’ 16 227715 37:7 Quad-Jet + £r A_ETM30 (35, 60) 12+0.1 84.6
Double Relaxed y A _DoubleMu3 (3,3) 123 £ 16 485 Hr + Bt A_HTT300 (350, 65) 44=+0.1 86.2
- 4 ; Single Jet Prescale 10 2 SingleJet100 150 35=0.0 87.9
Jip— 2 _DoubleMu3 Pl 2.0 +08 49.4 et
v oub-eTE M, € [29,3.3] = Single Jet Prescale 100 Zsingletecl 110 15200 89.1
5 4 3,3) \ Single Jet Prescale 10* A SingleJet30 60 0804 89.9
Mg A.DoubleMu3 ( 18+05 50.5 gle |
i e M, € [8,12] = VBE Double-Jet + By AETM30 {40, 60) 02£00 89.0
i A LANES @, 7) 01 < 0.0 505 SUSY 2-jet+Er A_ETM30 (80,20,60) 20=£0.1 90.4
M, € [80,100] Acopl. Double-Jet + Zr A_ETM30 (60, 60) 1.0£0.0 90.4
Triple Relaxed y A TripleMu3 (3,3,3) 0.1+0.0 50.5 Single Isolated e A SingleIsoEG12 15 171 £23 107.5
Same-sign double y 2 DoubleMu3 (3,3) 57+1.2 52.5 Single Relaxed e A SingleEG1l5 17 9.6 1.3 109.3
b — utag 1-jet A MuS.Jet 15 29 40+01 56.1 Double Isolated e 2 DoubleIsoEGS 10 02+0.1 109.4
Prescale 20 AR(#_;,]) <04 Double Relaxed e A DoubleEG10 12 08+0.1 109.9
b — u tag 2-jets AMuS. Jet15 120, Prre‘l_.#) > 0.7 05+0.0 56.1 S?ngle Isolated ~ 2 SinglelsoEGi2 30 84=0.7 118.1
AR(p.j) <04 Single Relaxed ~ 2 SingleEGl5 10 28=£02 1185
b — i tag 3ets A MuS_Jet15 70, p'fl(l}) > 0-‘7 03+0.0 56.1 Double Isolated ~ A DoubleIsoEGS (20,20) 0.6+04 119.0
AR(p.j) <04 Double Relaxed » A DoubleEG10 (20,20) T8£05 120.1
el - T =~ T = = ;
b — u tag 4-jets AMuS.Jet1s 40, pri(p) > 0.7 1 g4 100 56.1 High E7 e A_SingleEG15 80 0500 1204
AR(p.j) <04 High Er e A SingleEG15 200 0.1=0.0 1204
ret [ H R . |
b— utag Hr AHTT250 370, pF(p) > 0.7 | 50 Lo 56.6 Lifetime b-tag I-jet B 180 1300 1205
AR(p.j) <04 Lifetime b-tag 2-jets o 120 2.1+0.0 121.2
b Jfip{ ) A DoubleMu3 ,_(4, 4)_ - 07 +01 56.8 Lifetime b-tag 3-jets © 70 1.7 0.0 121.8
i M, € [2.95.3.25] Lifetime b-tag 4-jets o 40 18=0.0 122.6
g+ bjet AluS_JeclS (7, 35) 0.1=00 56.8 Lifetime b-tag Hr B 470 25+0.1 123.1
p+b— prjet AMu5_Jetl5 (7, 20) 0.1=0.1 56.8 Single 7 A SingleTauJet80 (15, 65) 02+0.0 1232
ptjet AMuS_JetlS (7, 40) 63=07 60.8 T+ Br A _TauJet 30_ETM30 (15, 35) 18=02 1247
et i * 8,7) 0504 61.2 Double 7 (Calo+Pixel) 2 DoubleTauJet40 15 49+ 0.6 129.4
e + p relaxed * (10, 10) 01+00 61.3 €+ bjet A_IsoEG10_Jet20 (10, 35) 0.1£0.0 1294
_p+T AMuS.TauJet20 (15, 20) 00=00 613 e +jet A_IsoEG10.Jet30 (12, 40) 116 £ 1.2 135.8
Single-et A.SingleJecl50 200 93=01 70.1 e+ A_IsoEG10-TauJet20 (12,20) 02=0.0 135.8
Double-Jet A-Singledetls0 150 10.6 = 0.0 74.4 Prescaled e/~ See Table 3.9 50=0.0 140.8
, A DoubleJet70 Prescaled 1 See Table 2.3 30+£00 1438
Iriple-Jet T 85 7504 788 Min.Bias AMinBias HTT10 — 1500 1453
Quad-Jet 60 39=x01 80.5 Pixel Min.Bias % _ZeroBias — 1500 146.8
Ir BTN 65 49=07 84.0 Zero Bias A ZeroBias — T0£0.0 1478
Acopl. Double-Jet FZTSD";L?b‘-e:Jee:-'an 125 1400 84.0 Total HLT rate (Hz) E8=49
St *): AMu3_IsoEG5, AMu5_IsoEG10, A Mu3_EGi2
Acopl. Single-Jet + Fr A_ETM30 (100, 60) 1600 812 IO e Culi e R i B
- - o (1): A.SingleJet150, A.Doubledet70, A.TripleJdet5
Single-Jet + Kt A _ETM30 (180, 60) 22+01 844 @) ASingleJetis0, 2 bleJet 0. ATriplelet50. A Ouadiec30
Double-Jet + I Z_ETM30 (125, 60) T0=00 844 tb Singlpdei 150, A Pouldeder i), A teiplaferndy BOusdTes
= L4 T d Sl . (¢): A.SingleJet150, A DoubleJetl00, A TripleJet50, A QuadJet30, A_HTT300
Continued on next page . ..

Table 8.3: The High-Level Trigger table at £ = 10°* ecm™* s~ for
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Off-line reconstruction efficiency
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https://cms-results.web.cern.ch/cms-results/public-results/publications/

] OO®Rj st  jcosct LHGS

Parameter Design June 2012
Beam energy 7T TeV 4 TeV

Peak Luminosity 103 em—2s—1 6.8 x 10*em—2s~1
Number of bunches 2808 1380
Number of particle per bunch 1.15 x 10t 1.48 x 10M
Bunch spacing (ns) 25 50

RMS bunch length 7.55 cm 29 cm
Beam current 0.582 A 0.369 A
Luminosity /bunch 3.6 x 10%%m=2s~! | 1.1 x 10*%cm—2s~!
IP beam size 16.7 pm 19 pm

4% at 1P 0.55 mm 0.6 mm
Transverse Norm. Emmitance 3.75 pm 2.6 pm
Crossing angle at TP 285 prad 290 prad

Table 3.1: Actual parameters of the LHC in 2012 vs. design values.

k = number of bunches = 2808
fN1NongvF {()) N = no. protons per bunch = 1.15x10"
= — = revolution frequency = 11.25 kHz
dme, 3 o*,0", = beam sizes at collision point (hor./vert.) = 16 um
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https://twiki.cern.ch/twiki/bin/view/CMSPublic/PhysicsResultsMUO
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Run / Event: 205694 / 416479300
M(e*e") = 1871 GeV
Track pT > 3 GeV

CMS Experiment at LHC, CERN

C Data recorded: Sun Oct 21 17:29:50 2012 GMT-3
Run/Event: 205694 / 416479300

Lumi section: 398

tevMuon 0,

pt = 456.29
eta=-1.033
phi = 2.861

tevMuon 1, 1
pt = 502.25 ‘ i
eta=1.542

phi =-0.280

CMS Experiment at LHC, CERN

Data recorded: Sun Oct 21 17:29:50 2012 GMT-3 tevMuon 1,

Run/Event: 205694 / 416479300 pt = 502.25

Lumi section: 398 eta =1.542
phi =-0.280
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