
ʀʉʉʃɽɼʆɺɸʅʀɽ ʇʈʆʎɽʉʉʆɺ ʇɸʈʅʆɻʆ ʈʆɾɼɽʅʀʗ 

ʄʖʆʅʆɺ ɺ ʕʂʉʇɽʈʀʄɽʅʊɽ CMS ʥʘ LHC

ʉ. ɺ. ʐʤʘʪʦʚ

ʃʌɺʕ, ʆʀʗʀ, ɼʫʙʥʘ

ʉʝʤʠʥʘʨ ʆʌɺʕ ʀʗʀ ʈɸʅ

23 ʩʝʥʪʷʙʨʷ 2019, ʊʨʦʠʮʢ  

(ʧʦ ʤʘʪʝʨʠʘʣʘʤʜʦʢʪʦʨʩʢʦʡʜʠʩʩʝʨʪʘʮʠʠ,

ʩʧʝʮʠʘʣʴʥʦʩʪʴ 01.04.16 ïʬʠʟʠʢʘ ʘʪʦʤʥʦʛʦ ʷʜʨʘ

ʠ ʵʣʝʤʝʥʪʘʨʥʳʭ ʯʘʩʪʠʮ)



2ʉ.ɺ. ʐʤʘʪʦʚ, ʀʩʩʣʝʜʦʚʘʥʠʝ ʧʨʦʮʝʩʩʦʚ ʧʘʨʥʦʛʦ ʨʦʞʜʝʥʠʷ ʤʶʦʥʦʚé, ʀʗʀ ʈɸʅ,23 ʩʝʥʪʷʙʨʷ 2019, ʊʨʦʠʮʢ



ʇʫʙʣʠʢʘʮʠʠ

ʆʩʥʦʚʥʳʝʨʝʟʫʣʴʪʘʪʳʜʠʩʩʝʨʪʘʮʠʠʠʟʣʦʞʝʥʳʚ53 ʥʘʫʯʥʳʭʨʘʙʦʪʘʭ(ʠʟʥʠʭ32

ʠʟʩʧʠʩʢʘɺɸʂʠɹɼʉʢʦʧʫʩ), ʦʧʫʙʣʠʢʦʚʘʥʥʳʭʚʞʫʨʥʘʣʘʭ

``ʗʜʝʨʥʘʷʬʠʟʠʢʘ''(8 ʧʫʙʣʠʢʘʮʠʡ),

``ʌʠʟʠʢʘʵʣʝʤʝʥʪʘʨʥʳʭʯʘʩʪʠʮʠʘʪʦʤʥʦʛʦʷʜʨʘ(ʕʏɸʗ)''(4 ʧʫʙʣʠʢʘʮʠʡ),

``ʇʠʩʴʤʘʚʞʫʨʥʘʣʕʏɸʗ(2 ʧʫʙʣʠʢʘʮʠʠ),

``Physical Review D'' (1 ʧʫʙʣʠʢʘʮʠʷ),

``Physics Letters B'' (4 ʧʫʙʣʠʢʘʮʠʠ),

``Journʘl of High Energy Physics'' (5 ʧʫʙʣʠʢʘʮʠʡ),

`` Nuclear Physics'' (2 ʧʫʙʣʠʢʘʮʠʠ),

``Journal of Physics G: Nucl. Part. Phys. '' (1 ʧʫʙʣʠʢʘʮʠʷ),

``International Journal of Modern Physics'' (1 ʧʫʙʣʠʢʘʮʠʷ),

``Czechoslovak Journal of Physics'' (1 ʧʫʙʣʠʢʘʮʠʷ),

``Journal of Instrumentation'' (1 ʧʫʙʣʠʢʘʮʠʷ),

ʚʛʣʘʚʘʭʤʦʥʦʛʨʘʬʠʡ(3 ʧʫʙʣʠʢʘʮʠʠ),

ʘʪʘʢʞʝʚʚʠʜʝɻʣʝʢʪʨʦʥʥʳʭʧʨʝʧʨʠʥʪʦʚ,ʤʘʪʝʨʠʘʣʦʚʢʦʥʬʝʨʝʥʮʠʡʠʩʦʪʨʫʜʥʠʯʝʩʪʚʘCMS

(ʧʦʣʥʳʡʩʧʠʩʦʢʧʨʠʚʝʜʝʥʥʠʞʝ).

3ʉ.ɺ. ʐʤʘʪʦʚ, ʀʩʩʣʝʜʦʚʘʥʠʝ ʧʨʦʮʝʩʩʦʚ ʧʘʨʥʦʛʦ ʨʦʞʜʝʥʠʷ ʤʶʦʥʦʚé, ʀʗʀ ʈɸʅ,23 ʩʝʥʪʷʙʨʷ 2019, ʊʨʦʠʮʢ
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ʉʦʜʝʨʞʘʥʠʝ (I)

ʉ.ɺ. ʐʤʘʪʦʚ, ʀʩʩʣʝʜʦʚʘʥʠʝ ʧʨʦʮʝʩʩʦʚ ʧʘʨʥʦʛʦ ʨʦʞʜʝʥʠʷ ʤʶʦʥʦʚé, ʀʗʀ ʈɸʅ,23 ʩʝʥʪʷʙʨʷ 2019, ʊʨʦʠʮʢ



5

Ç ʄʦʪʠʚʘʮʠʷ ʠʩʩʣʝʜʦʚʘʥʠʡ

Ç ʈʘʟʨʘʙʦʪʢʘ ʧʨʦʛʨʘʤʤʳ ʠʩʩʣʝʜʦʚʘʥʠʡ ʧʘʨʥʦʛʦ ʨʦʞʜʝʥʠʷ 

ʤʶʦʥʦʚ ʚ ʵʢʩʧʝʨʠʤʝʥʪʝ CMS (2002-2008 ʛʛ.)

üʄʦʜʝʣʠʨʦʚʘʥʠʝ, ʨʝʢʦʥʩʪʨʫʢʮʠʷ ʠ ʦʪʙʦʨ ʧʘʨ ʤʶʦʥʦʚ ʚʳʩʦʢʠʭ ʵʥʝʨʛʠʡ

Ç ʈʝʟʫʣʴʪʘʪʳ ʧʝʨʚʦʛʦ ʮʠʢʣʘ ʨʘʙʦʪʳ ʵʢʩʧʝʨʠʤʝʥʪʘ CMS ʧʨʠ 

ʵʥʝʨʛʠʠ ʧʫʯʢʦʚ LHC 7-8  ʊʵɺ ʩ.ʮ.ʤ.(2010-2018 ʛʛ.)

üʇʨʦʚʝʨʢʘ ʉʄ (ʠʩʩʣʝʜʦʚʘʥʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʧʨʦʮʝʩʩʘ ɼʨʝʣʣʘ-ʗʥʘ)

üʇʦʠʩʢ ʥʦʚʦʡ ʬʠʟʠʢʠ ʚ ʢʘʥʘʣʝ ʩ ʧʘʨʦʡ ʤʶʦʥʦʚ (ʩʦʩʪʦʷʥʠʷ ʩʦ ʩʧʠʥʦʤ 1 

ʠ 2)  

üʇʨʦʮʝʩʩʳ ʤʥʦʞʝʩʪʚʝʥʥʦʛʦ ʨʦʞʜʝʥʠʷ ʩʪʨʫʡ

Çʇʝʨʩʧʝʢʪʠʚʳ ʠʩʩʣʝʜʦʚʘʥʠʡ ʧʨʠ 13-14 ʊʵɺ(2002-2018 ʛʛ.)

Çʇʦʣʦʞʝʥʠʷ, ʚʳʥʦʩʠʤʳʝ ʥʘ ʟʘʱʠʪʫ

ʉʦʜʝʨʞʘʥʠʝ(II)

ʀʩʩʣʝʜʦʚʘʥʠʷ ʚʳʧʦʣʥʝʥʳ ʚ  2002-2018 ʛʛ. ʚ ʃʌɺʕ ʆʀʗʀ ʠ ʎɽʈʅ

ʉ.ɺ. ʐʤʘʪʦʚ, ʀʩʩʣʝʜʦʚʘʥʠʝ ʧʨʦʮʝʩʩʦʚ ʧʘʨʥʦʛʦ ʨʦʞʜʝʥʠʷ ʤʶʦʥʦʚé, ʀʗʀ ʈɸʅ,23 ʩʝʥʪʷʙʨʷ 2019, ʊʨʦʠʮʢ



ȮɐɔɊɄɂɘɊɊ, ɑɒɐɃɍɇɎɝ, ɉɂɆɂəɊé.

6ʉ.ɺ. ʐʤʘʪʦʚ, ʀʩʩʣʝʜʦʚʘʥʠʝ ʧʨʦʮʝʩʩʦʚ ʧʘʨʥʦʛʦ ʨʦʞʜʝʥʠʷ ʤʶʦʥʦʚé, ʀʗʀ ʈɸʅ,23 ʩʝʥʪʷʙʨʷ 2019, ʊʨʦʠʮʢ

Why dimuons? Because it is Compact MUON solenoid where Dubna group plays 

important role since conceptual design through PhTDR up to physics analysis!

ï strong B-field and long lever arm (from IP and tracker to Muon system) for 

precise momentum estimation

ï high precision muon detectors with redundant muon trigger 
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ʏʪʦ ʥʘʩ ʥʝ ʫʩʪʨʘʠʚʘʝʪ ʚ ʉʄ?

Standard model weak points (except for Higgs found recently):

Ç Hierarchy Problem

V fine tuning of higgs masses is needed  to 

ñneutralizeò contribution from high order 

corrections

V huge gap between Electroweak (102 GeV) and 

Planck scale (1019 GeV) scales),  

Gravity/EW ~ 1019/102 GeV?

Ç Yukawa hierachy (explanation of mass patterns

for quarks and leptons)

Ç Unification of interactions, number of generations

(why 3?) they can not be fixed in the framework of SM

Ç Gravity is not described by SM

Ç Set of cosmological and astrophysical problems (inflation, dark matter, CP-

violation in the early Universe etc) 

ʉ.ɺ. ʐʤʘʪʦʚ, ʀʩʩʣʝʜʦʚʘʥʠʝ ʧʨʦʮʝʩʩʦʚ ʧʘʨʥʦʛʦ ʨʦʞʜʝʥʠʷ ʤʶʦʥʦʚé, ʀʗʀ ʈɸʅ,23 ʩʝʥʪʷʙʨʷ 2019, ʊʨʦʠʮʢ
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ɺʦʟʤʦʞʥʳʝ ʨʘʩʰʠʨʝʥʠʷ ʉʄ

Ç ʈʘʩʰʠʨʝʥʠʷ ʭʠʛʛʩʦʚʩʢʦʛʦ ʩʝʢʪʦʨʘ
üʜʫʙʣʝʪʥʳʝ ʤʦʜʝʣʠ ʍʠʛʛʩʘ (HDM)

üʍʠʛʛʩ ʚ ED, ʩʤʝʰʠʚʘʥʠʝ ʍʠʛʛʩʘ ʠ ʨʘʜʠʦʥʘ, ʤʦʜʝʣʠ ʢʦʤʧʦʟʠʪʥʦʛʦ ʍʠʛʛʩʘ (RS ʪʠʧ)

Ç ʈʝʰʝʥʠʝ ʧʨʦʙʣʝʤʳ ʠʝʨʘʨʭʠʠ
ü SUSY (ʩ-ʯʘʩʪʠʮʳ, LSP ʠʟ RPV/split/GM SUSYé)

üʜʦʧʦʣʥʠʪʝʣʴʥʳʝ ʠʟʤʝʨʝʥʠʷ (ED)

Vʂʂ-ʚʦʟʙʫʞʜʝʥʠʷ ʯʘʩʪʠʮ ʉʄ, KKPV, FCNCé

Vʤʠʢʨʦʩʢʦʧʠʯʝʩʢʠʝ ʯʝʨʥʳʝ ʜʳʨʳ 

(ʢʚʘʟʠʢʣʘʩʩʠʯʝʩʢʠʝ, ʩʪʨʫʥʥʳʝ ʰʘʨʳ, 

ʢʚʘʥʪʦʚʳʝ ʯʝʨʥʳʝ ʜʳʨʳ)

üʪʝʭʥʠʮʚʝʪ(ʪʝʭʥʠʙʦʟʦʥʳ ʠ ʪʝʭʥʠʬʝʨʤʠʦʥʳ, ʍʠʛʛʩ ʢʘʢ ʠʟʦʩʠʥʛʣʝʪ, ʣʝʧʪʦʢʚʘʨʢʠé)

üʢʦʤʧʦʟʠʪʥʳʝ ʤʦʜʝʣʠ

Çʇʨʦʩʪʳʝ ʨʘʩʰʠʨʝʥʠʷ ʉʄ (ʙʝʟ ʨʘʩʰʠʨʝʥʠʷ ʂʉ)
ü 4 ʧʦʢʦʣʝʥʠʝ ʬʝʨʤʠʦʥʦʚ,q*, l*é

Çʈʘʩʰʠʨʝʥʥʳʡ ʢʘʣʠʙʨʦʚʦʯʥʳʡ ʩʝʢʪʦʨ
ü ExQCD ʢʘʣʠʙʨʦʚʦʯʥʘʷ ʛʨʫʧʧʘ (ʢʦʣʦʨʦʥʳ, ʘʢʩʠʛʣʶʦʥʳ, ʜʠʢʚʘʨʢʠ ʠ ʧʨ.)

üExEW  (Wô, Zô, ʚʝʢʪʦʨʦʧʦʜʦʙʥʳʝ ʬʝʨʤʠʦʥʳ, é)

üʛʨʫʧʧʳ ʊɺʆ(ʣʝʧʪʦʢʚʘʨʢʠ)

Çʊʝʤʥʘʷ ʤʘʪʝʨʠʷ(EFT)

SM is reproduced, 

hierarchy, includes 

Gravity,  harmonious 

cosmological pictureé

unification, tuning, 

CP-violationé

ʉ.ɺ. ʐʤʘʪʦʚ, ʀʩʩʣʝʜʦʚʘʥʠʝ ʧʨʦʮʝʩʩʦʚ ʧʘʨʥʦʛʦ ʨʦʞʜʝʥʠʷ ʤʶʦʥʦʚé, ʀʗʀ ʈɸʅ,23 ʩʝʥʪʷʙʨʷ 2019, ʊʨʦʠʮʢ
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ʈʘʩʰʠʨʝʥʥʳʝ ʢʘʣʠʙʨʦʚʦʯʥʳʝ ʤʦʜʝʣʠ

Extended Gauge Model (EGM)

from a GUT theory E6  or SO(10)            from other  extended models

Ç E6 effective rank-5 model      Ç Sequential Standard Model  (SSM)

new gauge bosons are just heavy 

version of SM  Z0 and W                                            

Ç Alternative LRM  (ALRM) Ç Un-Unified Model (UUM)

SU(2)L³SU(2)R³U(1)B-L  but SU(2)l ³SU(2)q³U(1)Y

from  E6

Ç Left-Right Symmetric Model (LRM)

SU(2)L³SU(2)R³U(1)B-L

ɺʩʝ  ʤʦʜʝʣʠ ʩ ʨʘʩʰʠʨʝʥʥʦʡ ʢʘʣʠʙʨʦʚʦʯʥʦʡ ʛʨʫʧʧʦʡ ʧʨʝʜʩʢʘʟʳʚʘʶʪ ʩʫʱʝʩʪʚʦʚʘʥʠʝ 

ʥʦʚʳʭ ʢʘʣʠʙʨʦʚʦʯʥʳʭ ʙʦʟʦʥʦʚ W◌ʠ Z◌(ʦʪ W ʠZ0ʦʥʠ ʦʪʣʠʯʘʶʪʩʷ ʤʘʩʩʦʡ ʠ 

ʢʦʥʩʪʘʥʪʘʤʠ ʩʚʷʟʠ) 

ʉ.ɺ. ʐʤʘʪʦʚ, ʀʩʩʣʝʜʦʚʘʥʠʝ ʧʨʦʮʝʩʩʦʚ ʧʘʨʥʦʛʦ ʨʦʞʜʝʥʠʷ ʤʶʦʥʦʚé, ʀʗʀ ʈɸʅ,23 ʩʝʥʪʷʙʨʷ 2019, ʊʨʦʠʮʢ



ʉʮʝʥʘʨʠʠ ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ ʠʟʤʝʨʝʥʠʡ

L. Randall and R. Sundrum ( RS1 scenario) ,  PRL83 3370 
(1999)   

5D curve space with AdS5

slice: 

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

Heavy KK-excitations of

gravitons (spin-2 state)

M5DïɚəɓɊɆɒɋɓɘɆɑɢɓɡɏ ɒɆɗɞɘɆɇ, k ïɐɖɎɈɎɍɓɆ ɕɖ-ɈɆ
c = k/M5D

jetjet,,,eeGgg,qq K K +­­ -+-+ ggmm

N. Arkani - Hamed, S. Dimopoulos, G. Dvali ( ADD scenario), 
Phys.Lett. B429(1998), Nuc.Phys.B544(1999)   

Án (up to 6) flat ïEuclidian

extra spatial dimensions

Áfundamental scale is not  

planckian: MD ~ TeV

Á SM forces live on 3D brane 

Á Only gravitons are 

multi-dimensional

Graviton contributions to SM (Drell-Yan) 

Processes (non-resonant):

-+­ llqq
-+­ llgg

10ʉ.ɺ. ʐʤʘʪʦʚ, ʀʩʩʣʝʜʦʚʘʥʠʝ ʧʨʦʮʝʩʩʦʚ ʧʘʨʥʦʛʦ ʨʦʞʜʝʥʠʷ ʤʶʦʥʦʚé, ʀʗʀ ʈɸʅ,23 ʩʝʥʪʷʙʨʷ 2019, ʊʨʦʠʮʢ
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ʂʘʢ ʥʘʙʣʶʜʘʪʴ ʥʘ ʵʢʩʧʝʨʠʤʝʥʪʝ?

Ç Heavy Resonances and Non-Resonant Signals (extended gauge 

models,  extra dimensions, technicolor) 

Ý dileptons, dijets, diphotons, ttbar, WZ

Ç Non-Resonant Signals (extra dimensions, compositeness)  

Ý dileptons, dijets, diphotons

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

technicolor)

Ý mono-jet + MET, mono-photon + MET,  mono-lepton + MET 

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

4th Generation ) 

Ý all particles, leptons + jet(s) 

Heavy KK-excitations of

gravitons (spin-2 state)

Extra gauge bosons Z¡(spin-1 state)

-+-+­¡­ mm,,, eeZZGpp KKKK

ʉ.ɺ. ʐʤʘʪʦʚ, ʀʩʩʣʝʜʦʚʘʥʠʝ ʧʨʦʮʝʩʩʦʚ ʧʘʨʥʦʛʦ ʨʦʞʜʝʥʠʷ ʤʶʦʥʦʚé, ʀʗʀ ʈɸʅ,23 ʩʝʥʪʷʙʨʷ 2019, ʊʨʦʠʮʢ
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ʎʝʣʠ ʠʩʩʣʝʜʦʚʘʥʠʡ

ʇʨʦʚʝʨʢʘ ʧʨʝʜʩʢʘʟʘʥʠʡ ʩʪʘʥʜʘʨʪʥʦʡ ʤʦʜʝʣʠ ʬʫʥʜʘʤʝʥʪʘʣʴʥʳʭ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʡ ʵʣʝʤʝʥʪʘʨʥʳʭ ʯʘʩʪʠʮ ʠ ʧʦʠʩʢ ʩʠʛʥʘʣʦʚ ʟʘ 

ʨʘʤʢʘʤʠ ʉʄ ʚ ʧʨʦʮʝʩʩʘʭ ʨʦʞʜʝʥʠʷ ʧʘʨʳ ʤʶʦʥʦʚ. 

ʀʩʩʣʝʜʦʚʘʥʠʝ ʤʥʦʞʝʩʪʚʝʥʥʦʛʦ ʦʙʨʘʟʦʚʘʥʠʷ ʞʝʩʪʢʠʭ ʯʘʩʪʠʮ ʚ 

ʵʢʩʧʝʨʠʤʝʥʪʝ CMS ʧʨʠ ʵʥʝʨʛʠʷʭ LHC.

ʉ.ɺ. ʐʤʘʪʦʚ, ʀʩʩʣʝʜʦʚʘʥʠʝ ʧʨʦʮʝʩʩʦʚ ʧʘʨʥʦʛʦ ʨʦʞʜʝʥʠʷ ʤʶʦʥʦʚé, ʀʗʀ ʈɸʅ,23 ʩʝʥʪʷʙʨʷ 2019, ʊʨʦʠʮʢ
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ʈʘʩʩʤʦʪʨʝʥʥʳʝ ʪʠʧʳ ʩʠʛʥʘʣʦʚ

Á ɸʜʨʦʥʥʳʝ ʤʦʜʳ ʨʘʩʧʘʜʘ ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ ʙʦʣʴʰʠʤʠ ʩʝʯʝʥʠʷ (ʥʘ ʧʦʨʷʜʦʢ 

ʧʨʝʚʳʰʘʶʱʠʝ ʣʝʧʪʦʥʥʳʝ), ʥʦ ʩʫʱʝʩʪʚʝʥʥʦ ʭʫʜʰʠʤʠ ʬʦʥʦʚʳʤʠ ʫʩʣʦʚʠʷʤʠ.

Á ʈʷʜ ʩʠʛʥʘʣʦʚ ʥʝ ʤʦʞʝʪ ʙʳʪʴ ʥʘʙʣʶʜʘʝʤ ʙʝʟ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʩʪʨʫʡʥʳʭ ʩʠʛʥʘʣʦʚ.

ʉ.ɺ. ʐʤʘʪʦʚ, ʀʩʩʣʝʜʦʚʘʥʠʝ ʧʨʦʮʝʩʩʦʚ ʧʘʨʥʦʛʦ ʨʦʞʜʝʥʠʷ ʤʶʦʥʦʚé, ʀʗʀ ʈɸʅ,23 ʩʝʥʪʷʙʨʷ 2019, ʊʨʦʠʮʢ
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ʇʨʦʛʨʘʤʤʘ ʠʩʩʣʝʜʦʚʘʥʠʡ ʩ ʜʠʤʶʦʥʘʤʠ  

ʇʨʦʛʨʘʤʤʘ ʠʩʩʣʝʜʦʚʘʥʠʡ ʩ ʧʘʨʦʡ ʤʶʦʥʦʚ ʚ ʢʦʥʝʯʥʦʤ ʩʦʩʪʦʷʥʠʠ ʚ ʵʢʩʧʝʨʠʤʝʥʪʝ 

CMS ʙʳʣʘ ʧʨʝʜʣʦʞʝʥʘ ʚ 2002 ʛ. ʬʠʟʠʢʘʤʠ ʆʀʗʀ

Ýʧʨʠʦʨʠʪʝʪʥʦʝ ʥʘʧʨʘʚʣʝʥʠʝ ʜʣʷ ʆʀʗʀ- ʧʦʠʩʢ ʥʦʚʳʭ ʬʠʟʠʯʝʩʢʠʭ ʷʚʣʝʥʠʡ ʚ 

ʢʘʥʘʣʝc ʧʘʨʦʡ ʤʶʦʥʦʚ (ʜʠʤʶʦʥʳ) ʚ ʦʙʣʘʩʪʠ ʠʥʚʘʨʠʘʥʪʥʳʭ ʤʘʩʩ, ʥʝʜʦʩʪʫʧʥʳʭ ʥʘ 

ʜʨʫʛʠʭ ʫʩʢʦʨʠʪʝʣʷʭ (ʬʠʟʠʢʘ ʜʠʤʶʦʥʦʚ)

V ʄʥʦʛʠʝ ʬʠʟʠʯʝʩʢʠʝ ʧʨʦʮʝʩʩʳ, ʚ 

ʪʦʤ ʯʠʩʣʝ ʝʱʝ ʥʝ ʜʦ ʩʠʭ ʧʦʨ ʥʝ 

ʥʘʙʣʶʜʘʝʤʳʝ, ʤʦʛʫʪ ʙʳʪʴ 

ʠʩʩʣʝʜʦʚʘʥʳ ʚ ʢʘʥʘʣʝ ʩ ʤʶʦʥʘʤʠ 

ʚ ʢʦʥʝʯʥʦʤ ʩʦʩʪʦʷʥʠʠ

V ʃʝʧʪʦʥʥʳʝ ʩʠʛʥʘʣʳ 

ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ ʣʫʯʰʠʤʠ 

ʬʦʥʦʚʳʤʠ ʫʩʣʦʚʠʷʤʠ ʧʦ 

ʩʨʘʚʥʝʥʠʶ ʩ ʘʜʨʦʥʥʳʤʠ 

(ʦʧʪʠʤʘʣʴʥʦʝ S/B)

V CMS (Compact Muon Solenoid) 

ʦʧʪʠʤʠʟʠʨʦʚʘʥ ʜʣʷ ʪʦʯʥʳʭ 

ʠʟʤʝʨʝʥʠʡ ʤʶʦʥʦʚ 

ʉ.ɺ. ʐʤʘʪʦʚ, ʀʩʩʣʝʜʦʚʘʥʠʝ ʧʨʦʮʝʩʩʦʚ ʧʘʨʥʦʛʦ ʨʦʞʜʝʥʠʷ ʤʶʦʥʦʚé, ʀʗʀ ʈɸʅ,23 ʩʝʥʪʷʙʨʷ 2019, ʊʨʦʠʮʢ
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ʉʪʨʘʪʝʛʠʷ ʠʩʩʣʝʜʦʚʘʥʠʡ ʩ ʜʠʤʶʦʥʘʤʠ  

ʉʪʨʘʪʝʛʠʷ ʠʩʩʣʝʜʦʚʘʥʠʡ: ʧʨʝʮʠʟʠʦʥʥʳʝ ʠʟʤʝʨʝʥʠʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʦʙʨʘʟʦʚʘʥʠʷ 

ʧʘʨ ʤʶʦʥʦʚ ʚ ʧʨʦʮʝʩʩʝ ɼʨʝʣʣʘ-ʗʥʘ ʠ ʧʦʠʩʢ ʚʦʟʤʦʞʥʳʭ ʦʪʢʣʦʥʝʥʠʡ ʦʪ 

ʧʨʝʜʩʢʘʟʘʥʠʡ ʉʄ ʚ ʦʙʣʘʩʪʠ ʙʦʣʴʰʠʭ ʧʝʨʝʜʘʥʥʳʭ 4-ʭ ʠʤʧʫʣʴʩʦʚ (ʠʥʚ. ʤʘʩʩ)

ʅʘʧʨʘʚʣʝʥʠʷ ʠʩʩʣʝʜʦʚʘʥʠʡ:

V ʊʝʦʨʝʪʠʯʝʩʢʠʝ ʤʦʪʠʚʘʮʠʠ ʠ ʨʘʟʚʠʪʠʝ 

ʤʝʪʦʜʦʚ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʬʠʟʠʯʝʩʢʠʭ 

ʧʨʦʮʝʩʩʦʚ (ʪʝʦʨʝʪʠʯʝʩʢʠʝ ʥʝʦʧʨʝʜʝʣʝʥʥʦʩʪʠ

ʧʨʝʜʩʢʘʟʘʥʠʡ ʉʄ ʠ ʦʞʠʜʘʝʤʳʝ ʩʠʛʥʘʣʳ ʟʘ 

ʨʘʤʢʘʤʠ ʉʄ)

V ʈʘʟʚʠʪʠʝ ʤʝʪʦʜʦʚ ʨʝʢʦʥʩʪʨʫʢʮʠʠ ʠ ʦʪʙʦʨʘ 

ʤʶʦʥʦʚ ʠ ʧʘʨ ʤʶʦʥʦʚ 

V ʀʟʫʯʝʥʠʝ ʚʦʟʤʦʞʥʦʩʪʝʡ CMS ʧʦ ʥʘʙʣʶʜʝʥʠʶ

ʩʠʛʥʘʣʦʚ ʉʄ ʠ ʟʘ ʨʘʤʢʘʤʠ ʉʄ (ʜʦʩʪʠʞʠʤʳʝ ʧʨʝʜʝʣʳ ʠ ʧʨʦʩʪʨʘʥʩʪʚʦ ʧʘʨʘʤʝʪʨʦʚ 

ʤʦʜʝʣʝʡ, ʩʠʩʪʝʤʘʪʠʢʘ)

V ʇʨʦʚʝʜʝʥʠʝ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʠʟʤʝʨʝʥʠʡ ʠ ʬʠʥʘʣʴʥʦʛʦ ʘʥʘʣʠʟʘ

V ʈʘʟʚʠʪʠʝ ʤʝʪʦʜʦʚ ʦʙʨʘʙʦʪʢʠ ʜʘʥʥʳʭ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʨʘʩʧʨʝʜʝʣʝʥʥʳʭ 

ʚʳʯʠʩʣʠʪʝʣʴʥʳʭ ʩʠʩʪʝʤ ʥʘ ʦʩʥʦʚʝ ɻʈʀɼ-ʪʝʭʥʦʣʦʛʠʡ

ʉ.ɺ. ʐʤʘʪʦʚ, ʀʩʩʣʝʜʦʚʘʥʠʝ ʧʨʦʮʝʩʩʦʚ ʧʘʨʥʦʛʦ ʨʦʞʜʝʥʠʷ ʤʶʦʥʦʚé, ʀʗʀ ʈɸʅ,23 ʩʝʥʪʷʙʨʷ 2019, ʊʨʦʠʮʢ
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ʕʪʘʧʳ  ʠʩʩʣʝʜʦʚʘʥʠʡ

Ç 2002 ʛ.: ʧʨʝʜʣʦʞʝʥʠʝ ʧʨʦʛʨʘʤʤʳ ʠʩʩʣʝʜʦʚʘʥʠʡ ʧʨʠ 14 ʊʵɺ ʚ ʩ.ʮ.ʤ.

(ʧʨʦʝʢʪʥʘʷ ʵʥʝʨʛʠʷ)

Ç 2005-2006 ʛʛ.: ʧʨʝʜʣʦʞʝʥʥʘʷ ʧʨʦʛʨʘʤʤʘ ʠʩʩʣʝʜʦʚʘʥʠʡ ʣʝʛʣʘ ʚ ʦʩʥʦʚʫ 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʛʣʘʚ ʢʦʥʮʝʧʪʫʘʣʴʥʳʭ ʜʦʢʫʤʝʥʪʦʚ ʢʦʣʣʘʙʦʨʘʮʠʠ CMS ``CMS 

Physics Technical Design Report Vol.I: Detector performance and software'', ``CMS 

Physics Technical Design Report Vol. II: Physics Performance'', ʦʧʨʝʜʝʣʷʶʱʠʭ 

ʩʪʨʘʪʝʛʠʶ ʠ ʤʝʪʦʜʳ ʥʘʫʯʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʢʦʣʣʘʙʦʨʘʮʠʠ. 

Ç 2007-2008 ʛʛ.: ʨʘʟʨʘʙʦʪʢʘ ʧʨʦʛʨʘʤʤʳ ʠʩʩʣʝʜʦʚʘʥʠʡ ʧʨʠ ʧʦʥʠʞʝʥʥʦʡ ʵʥʝʨʛʠʠ

Ç 2009-2010 ʛʛ.: ʧʝʨʚʳʝ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʧʨʠ ʵʥʝʨʛʠʠ 0.9-7 ʊʵɺ

Ç 2011-2012 ʛʛ.: ʧʨʦʚʝʜʝʥʠʝ ʧʝʨʚʦʛʦ ʮʠʢʣʘ ʠʩʩʣʝʜʦʚʘʥʠʡ ʧʨʠ ʵʥʝʨʛʠʠ 7-8 ʊʵɺ

Ç 2015 ʛ.: ʥʘʯʘʣʦ ʚʪʦʨʦʛʦ ʮʠʢʣʘ ʠʩʩʣʝʜʦʚʘʥʠʡ ʧʨʠ ʵʥʝʨʛʠʠ 13 ʊʵɺ

ʉ.ɺ. ʐʤʘʪʦʚ, ʀʩʩʣʝʜʦʚʘʥʠʝ ʧʨʦʮʝʩʩʦʚ ʧʘʨʥʦʛʦ ʨʦʞʜʝʥʠʷ ʤʶʦʥʦʚé, ʀʗʀ ʈɸʅ,23 ʩʝʥʪʷʙʨʷ 2019, ʊʨʦʠʮʢ



ȱɐɆɅɐɔɐɄɌɂ ɑɒɐɅɒɂɎɎɝ ɊɓɓɍɇɆɐɄɂɏɊɋ:
ɒɇɌɐɏɓɔɒɕɌɘɊɡ Ɋ ɐɔɃɐɒ ɑɂɒ ɎɠɐɏɐɄ 

ɄɝɓɐɌɊɗ ɟɏɇɒɅɊɋ

17ʉ.ɺ. ʐʤʘʪʦʚ, ʀʩʩʣʝʜʦʚʘʥʠʝ ʧʨʦʮʝʩʩʦʚ ʧʘʨʥʦʛʦ ʨʦʞʜʝʥʠʷ ʤʶʦʥʦʚé, ʀʗʀ ʈɸʅ,23 ʩʝʥʪʷʙʨʷ 2019, ʊʨʦʠʮʢ
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ʕʢʩʧʝʨʠʤʝʥʪ ñʂʦʤʧʘʢʪʥʳʡ ʤʶʦʥʥʳʡ ʩʦʣʝʥʦʠʜò

Detector subsystems are designed to measure: the energy and momentum of 

photons, electrons, muons, jets, missing ET up to a few TeV
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ʉ.ɺ. ʐʤʘʪʦʚ, ʀʩʩʣʝʜʦʚʘʥʠʝ ʧʨʦʮʝʩʩʦʚ ʧʘʨʥʦʛʦ ʨʦʞʜʝʥʠʷ ʤʶʦʥʦʚé, ʀʗʀ ʈɸʅ,23 ʩʝʥʪʷʙʨʷ 2019, ʊʨʦʠʮʢ
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ɸʢʩʝʧʪʘʥʩ ʠ ʪʨʠʛʛʝʨ CMS 

Ç ʊʨʠʛʛʝʨ ʫʨʦʚʥʷ 1 (Level-1):

ʫʨʦʚʝʥʴ ʜʝʪʝʢʪʦʨʦʚ, 

ʦʪʙʦʨ ʧʦ ʦʜʥʦʚʨʝʤʝʥʥʦʤʫ 

ʥʘʣʠʯʠʶ ʩʠʛʥʘʣʦʚ ʚ ʪʝʭ 

ʠʣʠ ʠʥʳʭ ʩʯʠʪʳʚʘʶʱʠʭ ʢʘʥʘʣʘʭ, 

ʠʜʝʥʪʠʬʠʢʘʮʠʷ ʯʘʩʪʠʮ ʠ ʦʪʙʦʨ ʧʦ 
ʛʨʫʙʳʤ ʦʮʝʥʢʘʤ ʢʦʦʨʜʠʥʘʪ ʠ ʵʥʝʨʛʠʠ  

Ç ʊʨʠʛʛʝʨ ʚʳʩʦʢʦʛʦ ʫʨʦʚʥʷ 

(High Level Trigger):

ʚʳʯʠʩʣʠʪʝʣʴʥʳʝ ʬʝʨʤʳ 

ʜʣʷ ʙʳʩʪʨʦʡ ʨʝʢʦʥʩʪʨʫʢʮʠʠ ʠ 

ʘʥʘʣʠʟʘ ʩʦʙʳʪʠʡ, ʦʪʙʦʨ ʧʦ 

ʟʘʜʘʥʥʳʤ ʧʦʨʦʛʘʤ ʥʘ ʢʠʥʝʤʘʪʠʯʝʩʢʠʝ 
ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʯʘʩʪʠʮ (ʵʥʝʨʛʠʷ, 
ʠʤʧʫʣʴʩ, ʫʛʦʣ, ʠʟʦʣʠʨʦʚʘʥʥʦʩʪʴ ʠ ʪ.ʜ.), 
ʪʦʧʦʣʦʛʠʠ ʩʦʙʳʪʠʡ

19ʉ.ɺ. ʐʤʘʪʦʚ, ʀʩʩʣʝʜʦʚʘʥʠʝ ʧʨʦʮʝʩʩʦʚ ʧʘʨʥʦʛʦ ʨʦʞʜʝʥʠʷ ʤʶʦʥʦʚé, ʀʗʀ ʈɸʅ,23 ʩʝʥʪʷʙʨʷ 2019, ʊʨʦʠʮʢ
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ʈʝʛʠʩʪʨʘʮʠʷ ʤʶʦʥʦʚ ʚʳʩʦʢʠʭ ʵʥʝʨʛʠʡ

ʆʩʦʙʝʥʥʦʩʪʠ ʨʝʛʠʩʪʨʘʮʠʠ ʤʶʦʥʦʚ ʙʦʣʴʰʠʭ ʵʥʝʨʛʠʡ (ʩʦʪʥʠ ɻʵɺ - ʊʵɺ)

Çʤʘʣʘʷ ʢʨʠʚʠʟʥʘ ʪʨʝʢʘ Ýʦʛʨʘʥʠʯʝʥʠʷ ʥʘ ʪʦʯʥʦʩʪʴ ʦʮʝʥʢʠ pT

Çʠʥʪʝʥʩʠʚʥʦʝ ʪʦʨʤʦʟʥʦʝ ʠʟʣʫʯʝʥʠʝ ʠ ʕʄ ʣʠʚʥʠ 

Ýñʛʨʷʟʥʳʝòʩʦʙʳʪʠʷ ʩ ʙʦʣʴʰʠʤ ʢʦʣ-ʚʦʤ ʚʪʦʨʠʯʥʳʭ ʯʘʩʪʠʮ

Ýʥʝʜʦʦʮʝʥʢʘ pT

Ýʪʨʫʜʥʦʩʪʴ ʧʨʠʤʝʥʝʥʠʷ ʢʨʠʪʝʨʠʝʚ ʠʟʦʣʠʨʦʚʘʥʥʦʩʪʠ ʧʨʠ 

ʦʥʣʘʡʥ ʦʪʙʦʨʝ ʩʦʙʳʪʠʡ

Çʩʠʣʴʥʘʷ ʟʘʚʠʩʠʤʦʩʪʴ ʪʦʯʥʦʩʪʠ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʪʨʝʢʘ ʦʪ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʡ 

ʨʘʟʙʘʣʘʥʩʠʨʦʚʢʠ ʜʝʪʝʢʪʦʨʥʳʭ ʩʠʩʪʝʤ (misalignment) 

TeV muon in CMS muon stations

Áʥʦʚʳʝ (ʦʧʪʠʤʠʟʠʨʦʚʘʥʥʳʝ ) ʘʣʛʦʨʠʪʤʳ 

Áʥʦʚʳʝ ʪʨʠʛʛʝʨʥʳʝ ʧʫʪʠ ʜʣʷ ʤʶʦʥʦʚ     

ʚʳʩʦʢʠʭ ʵʥʝʨʛʠʡ (ʧʘʨ ʤʶʦʥʦʚ) 

Áʠʟʫʯʝʥʠʝ ʩʠʩʪʝʤʘʪʠʯʝʩʢʠʭ ʵʬʬʝʢʪʦʚ

Áʦʧʪʠʤʠʟʘʮʠʷ (ʧʦʜʙʦʨ ʧʘʨʘʤʝʪʨʦʚ) ʄʦʥʪʝ-

ʂʘʨʣʦ (Geant4) ʜʣʷ ʤʦʜʝʣʠʨʦʚʘʥʠʷ 

ñʦʪʢʣʠʢʘòʜʝʪʝʢʪʦʨʥʳʭ ʩʠʩʪʝʤ

Áʪʝʩʪʳ ʥʘ ʄʦʥʪʝ-ʂʘʨʣʦ ʠ ʩ ʜʘʥʥʳʤʠ 

(ʢʦʩʤʠʢʘ, ʧʫʯʢʠ SPS)

ʉ.ɺ. ʐʤʘʪʦʚ, ʀʩʩʣʝʜʦʚʘʥʠʝ ʧʨʦʮʝʩʩʦʚ ʧʘʨʥʦʛʦ ʨʦʞʜʝʥʠʷ ʤʶʦʥʦʚé, ʀʗʀ ʈɸʅ,23 ʩʝʥʪʷʙʨʷ 2019, ʊʨʦʠʮʢ
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ʇʨʦʚʝʨʢʘ ʇʆ ʜʣʷ MC (GEANT-4)

ʇʨʦʚʝʨʢʘʇʆʜʣʤ̫ʦʜʝʣʠʨʦʚʘʥʠʷñʦʪʢʣʠʢʘòʜʝʪʝʢʪʦʨʦʚ(GEANT-4) ʩʧʦʤʦʱʴʶ

ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭʜʘʥʥʳʭʪʝʩʪʦʚʥʘʧʫʯʘʭSPS (ʤʶʦʥʥʳʝʠʧʠʦʥʥʳʝʧʫʯʢʠ):

HE/EMU Test Beam 2004

2004 Beam test on p-beams

2004 Beam test on hadron and m-beams (10-400 GeV)

ʇʆ CMS, ʦʩʥʦʚʘʥʥʦʝ ʥʘ GEANT4, 

ʫʜʦʚʣʝʪʚʦʨʠʪʝʣʴʥʦ ʚʦʩʧʨʦʠʟʚʦʜʠʪ 

ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʜʘʥʥʳʝ 

I. Belotelov et al.

CMS NOTE 2006/034

CMS PTDR 2006

Phys. Part. Nucl. Lett. 4, 343 (2007)

ʉ.ɺ. ʐʤʘʪʦʚ, ʀʩʩʣʝʜʦʚʘʥʠʝ ʧʨʦʮʝʩʩʦʚ ʧʘʨʥʦʛʦ ʨʦʞʜʝʥʠʷ ʤʶʦʥʦʚé, ʀʗʀ ʈɸʅ,23 ʩʝʥʪʷʙʨʷ 2019, ʊʨʦʠʮʢ



ʆʥ-ʣʘʡʥ ʦʪʙʦʨ ʤʶʦʥʥʳʭ ʧʘʨ (ʪʨʠʛʛʝʨ)

ʂʨʠʪʝʨʠʠ ʦʪʙʦʨʘʜʣʷ ʠʥʪʝʥʩʠʚʥʦʩʪʠ 

1032 cm-2 s-1:
ʊʨʠʛʛʝʨ ʧʝʨʚʦʛʦ ʫʨʦʚʥʷ L1:

Vʦʜʠʥʦʯʥʳʡ ʤʶʦʥ: pT > 7 GeV/c, |h| ¢2.1 

Vʧʘʨʘ ʤʶʦʥʦʚ: pT > (3 GeV/c, 3 GeV/c), |h| ¢2.4

ʊʨʠʛʛʝʨ ʚʳʩʦʢʦʛʦ ʫʨʦʚʥʷ HTL (L2muonÃL3tracker):

Vʦʜʠʥʦʯʥʳʡ ʤʶʦʥ: pT > 16 GeV/c, |h| ¢2.4 

Vʧʘʨʘ ʤʶʦʥʦʚ: pT > (3 GeV/c, 3 GeV/c), |h| ¢2.4

Vʢʨʠʪʝʨʠʡ ʠʟʦʣʠʨʦʚʘʥʥʦʩʪʠ ʚ ʪʨʝʢʝʨʝ (DR ¢

0.3), ʥʝʪ ʢʘʣʦʨʠʤʝʪʨʠʯʝʩʢʦʡ ʠʟʦʣʷʮʠʠʚ EC

DY

99%!!
97-98%!!

I. Belotelov et al.

CMS PTDR, Vol.I (2006)

22ʉ.ɺ. ʐʤʘʪʦʚ, ʀʩʩʣʝʜʦʚʘʥʠʝ ʧʨʦʮʝʩʩʦʚ ʧʘʨʥʦʛʦ ʨʦʞʜʝʥʠʷ ʤʶʦʥʦʚé, ʀʗʀ ʈɸʅ,23 ʩʝʥʪʷʙʨʷ 2019, ʊʨʦʠʮʢ



ʀʩʩʣʝʜʦʚʘʥʠʝ ʢʨʠʪʝʨʠʝʚ ʠʟʦʣʠʨʦʚʘʥʥʦʩʪʠ

ʢʨʠʪʝʨʠʡʠʟʦʣʠʨʦʚʘʥʥʦʩʪʠ

ʤʶʦʥʥʦʛʦʪʨʝʢʘʚ ʕʄ

ʢʘʣʦʨʠʤʝʪʨʝʥʝ ʜʦʣʞʝʥ

ʧʨʠʤʝʥʷʪʴʩʷʜʣʷʦʪʙʦʨʘ

ʤʶʦʥʦʚʚʳʩʦʢʠʭʵʥʝʨʛʠʡ

ʢʨʠʪʝʨʠʡʠʟʦʣʠʨʦʚʘʥʥʦʩʪʠ

ʤʶʦʥʥʦʛʦʪʨʝʢʘʚʪʨʝʢʝʨʝʥʝ

ʧʨʠʚʦʜʠʪʢ ʩʫʱʝʩʪʚʝʥʥʦʤʫ

ʧʘʜʝʥʠʶɻ ʬʬʝʢʪʠʚʥʦʩʪʠ

ʪʨʠʛʛʝʨʘʠ ʤʦʞʝʪʙʳʪʴ

ʠʩʧʦʣʴʟʦʚʘʥʜʣʧ̫ʦʜʘʚʣʝʥʠʷ

ʬʦʥʦʚʳʭʩʦʙʳʪʠʡ

ʀʟʦʣʠʨʦʚʘʥʥʦʩʪʴ ʚ ʢʘʣʦʨʠʤʝʪʨʝ (L2):

ʀʟʦʣʠʨʦʚʘʥʥʦʩʪʴ ʚʪʨʝʢʝʨʝ(L3):

( ) GeV45.0 12.007.0 -¢¢Dä REECAL
T

22 fh D+D=DR

( ) GeV 6.01.0 ¢¢Dä REHCAL
T

( ) GeV/c 8.0015.0ker ¢¢Dä Rptrac
T

23ʉ.ɺ. ʐʤʘʪʦʚ, ʀʩʩʣʝʜʦʚʘʥʠʝ ʧʨʦʮʝʩʩʦʚ ʧʘʨʥʦʛʦ ʨʦʞʜʝʥʠʷ ʤʶʦʥʦʚé, ʀʗʀ ʈɸʅ,23 ʩʝʥʪʷʙʨʷ 2019, ʊʨʦʠʮʢ



L1 Trigger Rates

I. Belotelov et al.

CMS PTDR, Vol.I (2006)

24ʉ.ɺ. ʐʤʘʪʦʚ, ʀʩʩʣʝʜʦʚʘʥʠʝ ʧʨʦʮʝʩʩʦʚ ʧʘʨʥʦʛʦ ʨʦʞʜʝʥʠʷ ʤʶʦʥʦʚé, ʀʗʀ ʈɸʅ,23 ʩʝʥʪʷʙʨʷ 2019, ʊʨʦʠʮʢ



HLT Trigger Rates I. Belotelov et al.

CMS PTDR, Vol.I (2006)

25ʉ.ɺ. ʐʤʘʪʦʚ, ʀʩʩʣʝʜʦʚʘʥʠʝ ʧʨʦʮʝʩʩʦʚ ʧʘʨʥʦʛʦ ʨʦʞʜʝʥʠʷ ʤʶʦʥʦʚé, ʀʗʀ ʈɸʅ,23 ʩʝʥʪʷʙʨʷ 2019, ʊʨʦʠʮʢ



ʆʬʬ-ʣʘʡʥ ʨʝʢʦʥʩʪʨʫʢʮʠʷ ʤʶʦʥʦʚ

I. Belotelov et al.

CMS PTDR, Vol.I (2006)

26

Çʈʘʟʨʘʙʦʪʢʘ, ʨʘʟʚʠʪʠʝ ʘʣʛʦʨʠʪʤʦʚ ʨʝʢʦʥʩʪʨʫʢʮʠʠ ʤʶʦʥʦʚ ʠ ʤʶʦʥʥʳʭ ʧʘʨ ʩ

ʫʯʝʪʦʤ ʦʩʦʙʝʥʥʦʩʪʝʡ ʤʶʦʥʦʚ ʚʳʩʦʢʠʭ ʵʥʝʨʛʠʡ (ʦʩʦʙʝʥʥʦ ʚ ʦʙʣʘʩʪʠ Endʩap)  

Çʊʝʩʪʳ ʥʦʚʳʭ ʚʝʨʩʠʡ ʇʆ (CMSSW) ʜʣʷ ʨʝʢʦʥʩʪʨʫʢʮʠʠ ʤʶʦʥʦʚ ʥʘ MC ʠ 

ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʜʘʥʥʳʭ (ʢʦʩʤʠʯʝʩʢʠʝ ʤʶʦʥʳ, ʧʫʯʢʠ SPS)

ɺCMSSW ʨʝʘʣʠʟʦʚʘʥʳʨʘʟʣʠʯʥʳʝ ʘʣʛʦʨʠʪʤʳ:

Option 0: 

Tracker only

Option 1: 

Global Muon Reconstructor 

(Tracker +  Muon)

Option 2: 

Truncated Muon Reconstructor 

(Tracker +  1ʘʷ ʤʶʦʥʥʘʷ ʩʪʘʥʮʠʷ)

Option 3: 

Picky Muon Reconstructor 

(Tracker +  ñʯʠʩʪʘʷòʤʶʦʥʥʘʷ ʩʪʘʥʮʠʷ)

.....................................................................................

ʉ.ɺ. ʐʤʘʪʦʚ, ʀʩʩʣʝʜʦʚʘʥʠʝ ʧʨʦʮʝʩʩʦʚ ʧʘʨʥʦʛʦ ʨʦʞʜʝʥʠʷ ʤʶʦʥʦʚé, ʀʗʀ ʈɸʅ,23 ʩʝʥʪʷʙʨʷ 2019, ʊʨʦʠʮʢ



ʈʝʢʦʥʩʪʨʫʢʮʠʷ ʠ ʦʪʙʦʨ ʧʘʨ ʤʶʦʥʦʚ

ïʵʬʬʝʢʪʠʚʥʦʩʪʴ: 94õ92 % 

ïʤʘʩʩʦʚʦʝ ʨʘʟʨʝʰʝʥʠʝ: 3.8õ7.2 % 

ïʫʛʣʦʚʦʝ ʨʘʟʨʝʰʝʥʠʝ: ʣʫʯʰʝ 0.5 %

ʜʣʷ ʜʠʘʧʘʟʦʥʘ ʠʥʚʘʨʠʘʥʪʥʳʭ ʤʘʩʩ 1õ5 ʊʵɺ/ʩ2

27ʉ.ɺ. ʐʤʘʪʦʚ, ʀʩʩʣʝʜʦʚʘʥʠʝ ʧʨʦʮʝʩʩʦʚ ʧʘʨʥʦʛʦ ʨʦʞʜʝʥʠʷ ʤʶʦʥʦʚé, ʀʗʀ ʈɸʅ,23 ʩʝʥʪʷʙʨʷ 2019, ʊʨʦʠʮʢ



ʆʬʬ-ʣʘʡʥ ʨʝʢʦʥʩʪʨʫʢʮʠʷ: ʠʩʪʦʨʠʯʝʩʢʠʡ ʩʢʘʥ

ʄʶʦʥ ʩ pT = 1 ʊʵɺ

28ʉ.ɺ. ʐʤʘʪʦʚ, ʀʩʩʣʝʜʦʚʘʥʠʝ ʧʨʦʮʝʩʩʦʚ ʧʘʨʥʦʛʦ ʨʦʞʜʝʥʠʷ ʤʶʦʥʦʚé, ʀʗʀ ʈɸʅ,23 ʩʝʥʪʷʙʨʷ 2019, ʊʨʦʠʮʢ



ʇʨʦʩʪʨʘʥʩʪʚʝʥʥʘʷ ʥʝʚʳʨʘʚʥʝʥʥʦʩʪʴ (misalignment)

Çʉʮʝʥʘʨʠʠ ʥʝʚʳʨʘʚʥʝʥʥʦʩʪʠ   

ʜʝʪʝʢʪʦʨʥʳʭ ʩʠʩʪʝʤ ʜʣʷ 

10 pb-1ʠ 100 pb-1

Çʉʮʝʥʘʨʠʡ ʦʩʪʘʪʦʯʥʦʡ 

ʥʝʚʳʨʘʚʥʝʥʥʦʩʪʠ ʧʦʩʣʝ ʧʨʦʮʝʜʫʨʳ 

ʚʳʨʘʚʥʠʚʘʥʠʷ ʩ ʧʦʤʦʱʴʶ ʪʨʝʢʝʨʘ 

(ʨʘʩʧʘʜʳ W)  ʜʣʷ 100 pb-1
off-line ʨʝʢʦʥʩʪʨʫʢʮʠʷ

Áɺʣʠʷʥʠʝ ʥʝʚʳʨʘʚʥʝʥʥʦʩʪʠ ʥʘ

ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʪʨʠʛʛʝʨʘ  

ʧʨʝʥʝʙʨʝʞʠʤʦ ʤʘʣʘ

Áɺʣʠʷʥʠʝ ʥʘ ʚʝʨʦʷʪʥʦʩʪʴ ʦʰʠʙʢʠ ʚ 

ʦʧʨʝʜʝʣʝʥʠʠ ʟʘʨʷʜʘ ʪʘʢʞʝ ʤʘʣʦ 

(ʟʥʘʯʝʥʠʝ ʚʝʨʦʷʪʥʦʩʪʠ: 0.005·0.047 

ʜʣʷ GMR ʠ 0.122 ·0.323 ʜʣʷ 

StandAlone)

I. Belotelov et al.

CMS PTDR, Vol.I (2006)

29

ʆʩʪʘʪʦʯʥʘʷ ʥʝʚʳʨʘʚʥʝʥʥʦʩʪʴ (ʧʦʩʣʝ 

ʛʝʦʜʝʟʠʯʝʩʢʦʛʦ ʚʳʨʘʚʥʠʚʘʥʠʷ): 

400 ʤʢ ʧʦ ʨʘʜʠʫʩʫ ʠ ~1 ʤʤ ʧʦ ʦʩʠ Z

ʉ.ɺ. ʐʤʘʪʦʚ, ʀʩʩʣʝʜʦʚʘʥʠʝ ʧʨʦʮʝʩʩʦʚ ʧʘʨʥʦʛʦ ʨʦʞʜʝʥʠʷ ʤʶʦʥʦʚé, ʀʗʀ ʈɸʅ,23 ʩʝʥʪʷʙʨʷ 2019, ʊʨʦʠʮʢ



ʉʣʝʜʩʪʚʠʷ  ʥʝʚʳʨʘʚʥʝʥʥʦʩʪʠ ʜʝʪʝʢʪʦʨʦʚ

I. Belotelov et al.

CMS NOTE 2006/017

CMS PTDR, Vol.I 2006

ʉʠʣʴʥʦʝ ʚʣʠʷʥʠʝ ʥʘ ʨʘʟʨʝʰʝʥʠʝ ʠ 

ʥʝʟʥʘʯʠʪʝʣʴʥʦʝ ʥʘ ʦʬʬʣʘʡʥ 

ʵʬʬʝʢʪʠʚʥʦʩʪʴ

30ʉ.ɺ. ʐʤʘʪʦʚ, ʀʩʩʣʝʜʦʚʘʥʠʝ ʧʨʦʮʝʩʩʦʚ ʧʘʨʥʦʛʦ ʨʦʞʜʝʥʠʷ ʤʶʦʥʦʚé, ʀʗʀ ʈɸʅ,23 ʩʝʥʪʷʙʨʷ 2019, ʊʨʦʠʮʢ



Ȳɇɉɕɍɞɔɂɔɝ ɑɇɒɄɐɅɐ ɘɊɌɍɂ 
ɒɂɃɐɔɝ LHC (2010-2012)

https://cms-results.web.cern.ch/cms-results/public-results/publications/

31

S~30  fb-1

ʉ.ɺ. ʐʤʘʪʦʚ, ʀʩʩʣʝʜʦʚʘʥʠʝ ʧʨʦʮʝʩʩʦʚ ʧʘʨʥʦʛʦ ʨʦʞʜʝʥʠʷ ʤʶʦʥʦʚé, ʀʗʀ ʈɸʅ,23 ʩʝʥʪʷʙʨʷ 2019, ʊʨʦʠʮʢ

https://cms-results.web.cern.ch/cms-results/public-results/publications/


32

ʇʘʨʘʤʝʪʨʳ ʧʝʨʚʦʛʦ ʮʠʢʣʘ ʨʘʙʦʪʳ LHC 

ʉ.ɺ. ʐʤʘʪʦʚ, ʀʩʩʣʝʜʦʚʘʥʠʝ ʧʨʦʮʝʩʩʦʚ ʧʘʨʥʦʛʦ ʨʦʞʜʝʥʠʷ ʤʶʦʥʦʚé, ʀʗʀ ʈɸʅ,23 ʩʝʥʪʷʙʨʷ 2019, ʊʨʦʠʮʢ



ʌʠʟʠʯʝʩʢʠʝ ʦʙʲʝʢʪʳ

CMS shows a excellent 

performance to detect different 

signals

July 2011

End of 2015

Dec 2010

https://twiki.cern.ch/twiki/bin/view/CMSPublic/Ph

ysicsResultsMUO

33ʉ.ɺ. ʐʤʘʪʦʚ, ʀʩʩʣʝʜʦʚʘʥʠʝ ʧʨʦʮʝʩʩʦʚ ʧʘʨʥʦʛʦ ʨʦʞʜʝʥʠʷ ʤʶʦʥʦʚé, ʀʗʀ ʈɸʅ,23 ʩʝʥʪʷʙʨʷ 2019, ʊʨʦʠʮʢ

https://twiki.cern.ch/twiki/bin/view/CMSPublic/PhysicsResultsMUO


ʇʨʠʤʝʨ ʩʦʙʳʪʠʷ ʩ ʧʘʨʦʡ ʤʶʦʥʦʚ

Run / Event: 205694 / 416479300 

M(ɛ+ɛ-) = 1871 GeV 

Track pT > 3 GeV 

34ʉ.ɺ. ʐʤʘʪʦʚ, ʀʩʩʣʝʜʦʚʘʥʠʝ ʧʨʦʮʝʩʩʦʚ ʧʘʨʥʦʛʦ ʨʦʞʜʝʥʠʷ ʤʶʦʥʦʚé, ʀʗʀ ʈɸʅ,23 ʩʝʥʪʷʙʨʷ 2019, ʊʨʦʠʮʢ



ɼʗ: ʨʝʢʦʥʩʪʨʫʢʮʠʷ ʠ ʦʪʙʦʨ ʩʦʙʳʪʠʡ

35ʉ.ɺ. ʐʤʘʪʦʚ, ʀʩʩʣʝʜʦʚʘʥʠʝ ʧʨʦʮʝʩʩʦʚ ʧʘʨʥʦʛʦ ʨʦʞʜʝʥʠʷ ʤʶʦʥʦʚé, ʀʗʀ ʈɸʅ,23 ʩʝʥʪʷʙʨʷ 2019, ʊʨʦʠʮʢ



ʆʧʨʝʜʝʣʝʥʠʷ ʬʦʥʘ ʠʟ ʜʘʥʥʳʭ

ʄʝʪʦʜ ʢʦʥʪʨʦʣʴʥʦʛʦ ʥʘʙʦʨʘ ʜʘʥʥʳʭ(data-driven)

Vʤʝʪʦʜ ABCD (jet + V, QCD jets) 

Vʤʝʪʦʜ eÕ (ʕʉ ʧʨʦʮʝʩʩʳ)

36

ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʬʦʥ

ʩʠʛʥʘʣʴʥʘʷ ʦʙʣʘʩʪʴ

ʉ.ɺ. ʐʤʘʪʦʚ, ʀʩʩʣʝʜʦʚʘʥʠʝ ʧʨʦʮʝʩʩʦʚ ʧʘʨʥʦʛʦ ʨʦʞʜʝʥʠʷ ʤʶʦʥʦʚé, ʀʗʀ ʈɸʅ,23 ʩʝʥʪʷʙʨʷ 2019, ʊʨʦʠʮʢ



Ȳɇɉɕɍɞɔɂɔɝ ɑɇɒɄɐɅɐ ɘɊɌɍɂ 
ɒɂɃɐɔɝ LHC (2010-2012):

ɑɒɐɄɇɒɌɂ ȳȮ Ʉ Ɍɂɏɂɍɇ ɓ ɑɂɒɐɋ ɎɠɐɏɐɄ

ʇʨʦʮʝʩʩ ɼʨʝʣʣʘ-ʗʥʘ

Vʩʝʯʝʥʠʝ

Vʫʛʣʦʚʳʝ ʨʘʩʧʨʝʜʝʣʝʥʠʷ

Vʘʩʠʤʤʝʪʨʠʷ AFB

Vʩʣʘʙʳʡ ʫʛʦʣ ʩʤʝʰʠʚʘʥʠʷ

37ʉ.ɺ. ʐʤʘʪʦʚ, ʀʩʩʣʝʜʦʚʘʥʠʝ ʧʨʦʮʝʩʩʦʚ ʧʘʨʥʦʛʦ ʨʦʞʜʝʥʠʷ ʤʶʦʥʦʚé, ʀʗʀ ʈɸʅ,23 ʩʝʥʪʷʙʨʷ 2019, ʊʨʦʠʮʢ



ʉʠʩʪʝʤʘʪʠʢʘ ʠʟʤʝʨʝʥʠʡ ʧʨʦʮʝʩʩʘ ɼʗ
ʉʠʩʪʝʤʘʪʠʯʝʩʢʠʝ ʵʬʬʝʢʪʳ 

Vʂʦʨʨʝʢʮʠʷ ʠʤʧʫʣʴʩʘ ʤʶʦʥʦʚ

Vʂʦʥʝʯʥʦʝ ʨʘʟʨʝʰʝʥʠʝ ʜʝʪʝʢʪʦʨʥʳʭ ʩʠʩʪʝʤ

Vʀʟʣʫʯʝʥʠʝ ʚ ʢʦʥʝʯʥʦʤ ʩʦʩʪʦʷʥʠʠ (FSR)

Vɸʢʩʝʧʪʘʥʩ

Vʅʝʚʳʨʘʚʥʝʥʥʦʩʪʴʜʝʪʝʢʪʦʨʥʳʭ ʩʠʩʪʝʤ

Vʅʘʣʦʞʝʥʠʝ ʩʦʙʳʪʠʡ (pile-up)

Vʕʬʬʝʢʪʠʚʥʦʩʪʴ

Vʅʝʦʧʨʝʜʝʣʝʥʥʦʩʪʴ ʬʦʥʘ

ʇʨʦʮʝʜʫʨʘ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʡ 

ʢʦʨʨʝʢʮʠʠ (unfolding) ʩ 

ʧʦʤʦʱʴʶ ʤʘʪʨʠʮ ʦʪʢʣʠʢʘ, 

ʧʦʣʫʯʝʥʥʳʭ ʥʘ MC

ʊʝʦʨʝʪʠʯʝʩʢʠʝ ʥʝʦʧʨʝʜʝʣʝʥʥʦʩʪʠ 
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