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CMS

Nyonukauuun

OcCHOBHbIe pes3ynbTaThl AnccepTaunm nsnoXxeHol B 53 Hay4vHbIX pabotax (U3 Hux 32
n3 cnucka BAK n Bl Ckonyc), onybnmkoBaHHbIX B XXypHarax
“HApepHasa domsuka" (8 nydnukauunn),

“dunsmka anemMeHTapHbIX YacTtuy, n atomHoro saapa (Q4HAA)" (4 nybnukauun),
“Tlncbma B xxypHan QYAA (2 nybnukauun),

“Physical Review D" (1 nybnukauus),

“Physics Letters B" (4 nybnukauyun),

““Journal of High Energy Physics" (5 nybnukauun),

~ Nuclear Physics" (2 ny6nukauun),

““Journal of Physics G: Nucl. Part. Phys. " (1 nybnukauus),

“International Journal of Modern Physics" (1 nyénukauus),

“"Czechoslovak Journal of Physics"” (1 nyonukaums),

““Journal of Instrumentation™ (1 nyénukaumns),

B rmaBax MoHorpadum (3 nybnukaumn),

a Takke B BWOE 9MNEKTPOHHbLIX MNPENPUHTOB, MaTepuarnioB KoHdepeHuun u cotpygHudectsa CMS
(MOMHbBIN CNNCOK NPUBELEH HUXE).
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CopepxaHue (I)

d MoTtuBaumsa nccrnenoBaHum
d Pa3paboTka nporpammbl nccriegoBaHUM NAapHOro PoXXaeHUs

MIOOHOB B aKkcrepumeHTte CMS (2002-2008 rr.)
» MopgenupoBaHue, pEKOHCTPYKUUA U OTOOP nap MHOOHOB BbICOKUX 3HEPTNN

1 Pesynbrartbl nepBoro uukna paboTbl akcrnepnumeHta CMS npu

9Heprum nydkos LHC 7-8 TaB c.u.m.(2010-2018 rr.)

» [NpoBepka CM (nccnegoBaHme xapakTepuUCTUK npouecca Jpenna-AxHa)

» [Nonck HoBon bn3NKK B KaHarne ¢ napon MOHOB (COCTOSIHUS CO CMUHOM 1
n2)
» [lpoueccbl MHOXeCTBEHHOIO POXAEHNS CTPYU

U MNepcnektuebl nccneposaHuu npu 13-14 TaB (2002-2018 rr.)

U lNonoxeHnsa, BblIHOCUMbIE Ha 3aLUUTY
NccnepoBaHus BeinornHeHbl B 2002-2018 rr. B JI®BO OUNAN v LIEPH
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MoTtueauum, npobnemsr, 3a4a4M....

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!

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

— high precision muon detectors with redundant muon trigger
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Y10 Hac He ycTpanBaeT B CM?

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

O Hierarchy Problem

mass -+ =23 MeV/c?

v' fine tuning of higgs masses is needed to - @
“neutralize” contribution from high order up
corrections ,4(1/

v" huge gap between Electroweak (102 GeV) and down
Planck scale (10%° GeV) scales), e
Gravity/EW ~ 1019/102 GeV?

<2.2 eVic?
L D
12 €

electron
neutrino

O Yukawa hierachy (explanation of mass patterns
for quarks and leptons)

LEPTONS

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

O Gravity is not described by SM

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

violation in the early Universe etc)
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Bo3moxHble pacwunpeHuna CM

O PacwumnpeHns xmrrcoBCckoro cektopa

> nybnetHble mogenn Xurrca (HDM)
» Xurrc B ED, cmewmBaHne Xurrca n pagmoHa, Mogenu KomnosutHoro Xurrca (RS tvn)

O PeweHune npobnemsl nepapxum
» SUSY (c-vyactuubl, LSP n3 RPV/split/tGM SUSY...)

» ponosiHuTenbHble namepenna (ED)

v' KK-B0o36YyxaeHus yactuy CM, KKPV, FCNC... SMis reproduced,

v' MUKPOCKOMMYECKME YepHble AbIpbl » hierarchy, includes
(KBa3nKnaccmyeckne, CTPYHHbIe Lwapsl, Gravity, harmonious
KBAHTOBbIE YepHbIe Ablpbl) cosmological picture...

» TEXHUUBET (TEXHNDO30HbI U TEXHNAEPMUOHBI, XUITC KakK U3OCUHITIET, NENTOKBAPKMU ...)
> KOMMO3WUTHbIE MOoZdeny

Q lNMpocTble pacwupeHns CM (6e3 paclumnperus KC)
» 4 nokoneHue depmMnoHosB, q*, I*...

0 PaclumpeHHbIn KannbpoBOYHbIN CEKTOP
» ExXQCD kannbpoBo4Has rpynna (KONOPOHbI, aKCUMTOOHLI, AUKBAPKA U Mp.)
» EXEW (W', Z’, BekToponogobHble PpepMUOHHI, ...) ‘ unification, tuning,
» rpynnbl TBO (nentokBapku) CP-violation. ..

O TemHaa matepusa (EFT)

C.B. lUmaToB, UccnegoBaHue NpoLEecCoOB NAapHOro poXxaeHusa MOHOB..., UAU PAH, 23 ceHTabpa 2019, Tpouuk 8



PacwunpeHHble KanudopoBO4YHbIe MoAenu
Extended Gauge Model (EGM)

< Xy

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

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

O Alternative LRM (ALRM) d Un-Unified Model (UUM)
SU(2),x SU(2)r x U(1)g, but SU(2),x SU(2), x U(1)y
from Eq

O Left-Right Symmetric Model (LRM)
SU(2) x SU(2)g x U(1)g,

Bce mogenu c pacumpeHHon KanmbpoBOYHOM rpynnon npeackasblBatoT CyLLEeCTBOBAHME
HOBbIX KannbpoBo4HbIXx 6030HOB W' 1 Z” (o1 W* 1 Z° oHM oTnn4aroTcs Maccom u
KOHCTaHTaMu CBSI3N)
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CueHapuu 4ononHUTEeNbHbIX NU3MEpPEeHNN

L. Randall and R. Sundrum (RS1 scenario), PRL83 3370 00,90 = Gy —> ee -, uu yy, jet+ jet

(1999) : e e e e et
7] Bulk 5D curve space with AdS; oz L ]
Planck slice: _ -
two 3(brane)+1(extra)+time! R a
D =
re= ) . . 'ﬁ, I ]
Heavy KK-excitations of = _
%é gravitons (spin-2 state) <
o -8 |-
] c= kiMgp |
Msp - pyHAameHTanbHbIN MacwTab, K - KpuBusHa np-Ba | [ | | | |

1
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M, {GeV)

e

N.Arkani-Hamed, S.Dimopoulos, 6.Dvali (ADD scenario),
Phys.Lett. B429(1998), Nuc.Phys.B544(1999)

- Gravi ibuti ;
rasentisne s w ) (Up to 6) flat —Euclidian viton contributions to SM (Drell-Yan)

o : Processes (non-resonant):
extra spatial dimensions
"Mirror” Forces =fundamental scale is not AN o ! o

planckian: My ~ TeV

R et = SM forces live on 3D brane q
. q- £ L £
R 10, = Only gravitons are .
. . . — +q— —

/ >m\ / multi-dimensional qqg — 1”1 gg — I"l
SM Forces a
- M2, = V,ME? = (27 R)" M

Our World 3+1
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Kak HaOnrpaTb Ha aKcnepumeHTe?

O Heavy Resonances and Non-Resonant Signals (extended gauge

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

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

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

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

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

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

PP —> Gy Ly, 2 —e'e  u'

Extra gauge bosons Z' (spin-1 state)
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Llenv nccnepoBaHuu

[1lpoBepka npenckasaHnn ctaHgapTHOU Moaenn dpyHaamMmeHTarnbHbIX
B3aMMOLENCTBUN aNeMeHTapHbIX YacTuL, U MOUCK CUrHanoB 3a

pamkamu CM B npoLeccax poXKaeHuUs napbl MIOOHOB.

AiccnegoBaHne MHOXXECTBEHHOIO 0Dpa3oBaHUSA XKECTKMX YacTul, B
akcriepumeHTte CMS npu aHepruax LHC.
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PaCCMOTpeHHbIe TUMNbl CUTrHAJ10B

=  AJPOHHblE MOAbI pacnaja xapakTepusyrtTcs 6onbLInMM ceveHns (Ha NopsiaoK
NpeBbILLAOLLIME NENTOHHbIE), HO CYLLECTBEHHO XyALNMN (DOHOBBLIMU YCIIOBUSIMM.

=  Pap curHanoB He MOXET ObITb Habngaem 6e3 Ncnonb3oBaHUS CTPYMHbIX CUTHATOB.

Two types of signals

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

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.

curvaturek (~M),
compactificationradius r,
coupling constant: c = k/M,,
gravity scale : Ay=M,eX™

de/dM {pb/GeV)

Number of ED
=27

Entangled Mp, M®ig,,

Non-resonant models like ADD and contact
interactions, number of ED n

Observation of BH-type
signals

- M2 a fundamental

D =gon multidimensional scale

directly from an experiment!
(M,(M ). n)¢> A (LO) . :
M,~M,~ J§ . ~M,__ (dilepton)

Scalar sum of the transverse energies of jets

D ) spectra, Jet + missing E,
effective description like Cl (non-resonant signs).

C.B. LLimaToB, UccnepgoBaHme npoLiecCOB NapHOro poXXaeHust MIOOHOB..., UAU PAH, 23 ceHTabpsa 2019, Tpouuk 13



Mporpamma uccnegoBaHM ¢ AUMIOOHaAMM

[porpamma nccrneaoBaHuin ¢ Napot MIOOHOB B KOHEYHOM COCTOSIHUM B 3KCMEepUMEHTE

CMS 6bina npegnoxeHa B 2002 r. dmnsmkamm ONAN

2 ‘

Looking for New Gauge Bosons
inCMS

V. Palichik and S. Shmatov v

Joint Institute for Nuclear Research
Dubna

CMS Physics Meeting April 30t 2002

MHorune dpusmndeckmne npoueccel, B
TOM YUCIiE eLle He OO0 CUX Mop He
Habnogaemble, MOryT BbITb
nccnegoBaHbl B KaHane ¢ MooHaMu
B KOHEYHOM COCTOSAHUU

JlenToHHbIE CcUrHan.l
XapaKkTepuayTcs NyHLwmnmm
dpoHOBbIMK YCIIOBUSIMU MO
CpaBHEHNIO C aaPOHHBLIMU
(onTumanesHoe S/B)

CMS (Compact Muon Solenoid)
ONTUMU3NPOBAH OJIA TOYHbIX
N3MepeHUn MIOOHOB

= npuoputeTHoe HanpasneHue ana OUNANM - nonck HoBbIX PU3NYECKNX ABMEHNN B
KaHarne c napon MHOHOB (AMMIOOHbLI) B 06nacTn MHBapUaHTHbLIX Macc, HeAOCTYMHbIX Ha

apyrux yckopurtensx (pusmnka QuMooHOB)
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CtpaTerna nccnegoBaHmu ¢ AUMIOOHaMM

CTparernsa nccnegoBaHun: nNpeum3anoHHble USMEPEHUS XapaKkTePUCTUK oOpa3oBaHnA
nap MOOHOB B npouecce Hpenna-AHa n Nnouck BO3MOXHbIX OTKITOHEHUWN OT
npenckasaHn CM B obnactu 6osbLumx nepegaHHbiX 4-X UMNynbCoOB (MHB. Macc)

HanpaBrneHus nccrneaoBaHUm:

v' TeopeTuyeckne MoTuBaLuu U pasBuTme
METO40B MOoAeNnnpoBaHNa U3N4eCcKnx
npoLeccoB (TeopeTnveckne HeornpeneneHHOCTH
npeackasaHn CM n oxngaemble curHarsbl 3a
pamkamu CM) , procase’

v' Pa3Butne mMetogoB peKOHCTPYKUMKN U OTOOpa "

MIOOHOB 1 Nap MIOOHOB
v" UN3yyeHne Bo3moxkHocTern CMS no HabnogeHuto

curHanos CM u 3a pamkamu CM (goctumxumsle npeaesibl U NpoCTPaHCTBO NapamMeTpoB
MoEenen, cuctemaTmka)

proton

v [NpoBeaeHune akcnepumMeHTanbHbIX M3MepeHun n mHanbLHOro aHanmsa

v' PasButne metoaoB 06paboTku AaHHbIX C UCMOMNb30BaHNEM pacnpeneneHHbIX
BblYMCIIUTENBHbIX cucTeM Ha ocHoBe [ PUL-TexHonornm

C.B. lUmaToB, UccnegoBaHue NpoLEecCoOB NAapHOro poXxaeHusa MOHOB..., UAU PAH, 23 ceHTabpa 2019, Tpouuk 15



JTanbl uccrneaoBaHUU

O 2002 r.: npeanoxeHue nporpammel nccnegosaHnm npu 14 TaB B c.u.M.
(MpoekTHasa aHepruns)

O 2005-2006 rr.: npeasioxXeHHasa nporpamMma uccrieqoBaHum ferrfia B OCHOBY
COOTBETCTBYIOLLMX r1aB KOHUENTYasrbHbIX JOKYMEHTOB Kosnnabopaumn CMS " CMS
Physics Technical Design Report Vol.l: Detector performance and software", "CMS
Physics Technical Design Report Vol. Il: Physics Performance", onpeaensitowmx
cTpaTernto U MeToabl Hay4YHbIX UCcreaoBaHum Konnabopaunu.

O 2007-2008 rr.: pazpaboTka nporpamMmmbl nccrieaoBaHUM Mpu NMOHMXEHHOM SHEPTNK
0 2009-2010 rr.: nepBble aKCrnepuMeHTarnbHble pesynbrathl npu aHeprum 0.9-7 TaB
0 2011-2012 rr.: npoBegeHne NepBoro Unkna nccnegosaHnn npu aHeprum 7-8 TaB

O 2015 r.: Ha4ano BTOPOro uukna nccrieqosaHuin npu aHeprum 13 TaB

C.B. lUmaToB, UccnegoBaHue NpoLEecCoOB NAapHOro poXxaeHusa MOHOB..., UAU PAH, 23 ceHTabpa 2019, Tpouuk 16



TToaroToska NpoOrpammsbl UCCNEef0BAHUW:
PEKOHCTPYKUUS U 0T6Op Nap MHOOHOB

BLICOKUX 3Heprum

1 1 1
om am 4m

Key:

Muaon

Electron

Charged Hadron (e.g. Pion)

— = = - Neutral Hadron (e.g. Neutron)

“““ Photon

; Electromagnetic
3 }|ll Calorimeter

superconducting
Selensid

Iran return yoke interspersed
with Muon chambers

Transverse slice
through CMS
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JKkcnepumMeHT “KomMmnakTHbIM MIOOHHbLIN COneHoup,

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 &)
g =N Niobium titanium coil carrying ~18,000A T - 1.0 _ 1.5% @ 100Gev
’ 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

0
Oe _ 2.7% o o 5o 015
JE E

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

o. 120
£ =-_0%
E JE
HADRON CALORIMETER (HCAL)
Brass + Plastic scintillator ~7,000 channels

| » AN 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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13
w0 ] Tpurrep yposHa 1 (Level-1):

YPOBEHb OETEKTOPOB,

OoTOOp NO OAHOBPEMEHHOMY
Hann4n CUrHanoB B TEX
NN UHBIX CYMUTbIBAOLLMX KaHanax,

naeHTndunkaums Yactuu n otbop no
rpyObIM OLlEeHKaM KOOpAMHAT U 3Heprum

Tpurrep BbICOKOro YPOBHS
(High Level Trigger):
BblYMCNUTESbHbIE hEPMBbI
0119 6bICTPOU PEKOHCTPYKLUMUNA
aHanusa cobbITun, oTdbop No

3aJaHHbIM rnoporam Ha KMHeEMaTUYECKNE
XapaKTepuUCTUKM YacTul (aHeprm4,
MMMNYnbC, Yron, N30fIMPOBaHHOCTb U T.4.),
TOMNONOrMmM cobbITUN
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Perncrpauusa mooOHOB BbICOKUX 3HEpPrumu

OcobeHHOCTU perncTpaumnm MoHOB BonbLIMX 3Heprum (CoTHU 3B - TaB)

] manas kpuBM3Ha Tpeka = orpaHMYeHUs Ha TOYHOCTb OLIEHKU P
U nHTEHCMBHOE TOPMO3HOE M3nyyeHne n M nueHm

= “rpsi3Hble” cobbITUS C 6OMBLUNM KOM-BOM BTOPUYHbLIX YacTul,
— HeJooueHKa p+
= TPYOHOCTb MPUMEHEHNS KPUTEPUEB N3ONUPOBAHHOCTU NPU
OHNanH otbope cobbITUI
O cunbHas 3aBUCUMOCTb TOYHOCTU BOCCTAHOBIIEHUA TPeKa OT NMPOCTPaHCTBEHHON
pasbanaHcnMpoOBKN OEeTEKTOPHbIX cucTeM (misalignment)

" TeV muon in CMS muon stations — ] l

S S l S |; I LR I \
' 5 [ 53 I " 2
b b 1 | 3%

" HOBble (ONTUMN3NPOBAHHbLIE ) aNrTOPUTMBbI

" HOBble TPUIrepHbIe NyTU A9 MIOOHOB
BbICOKNX 3HEPrum (Map MIOOHOB)

" N3ydeHne cuctemMaTnyeckmx agpdoeKkToB

= onTummsaumns (nogdop napametpoB) MoHTe-

Kapno (Geant4) aonsa mogenmpoBaHus

=)0 “‘OTKNUKa” OEeTEKTOPHbLIX CUCTEM
" il = TecTbl Ha MoHTe-Kapno 1 ¢ gaHHbIMK

(1 (kocMuKa, ny4km SPS)

Fr (UL
o = B e v B W PRI [ 7

o 200 400 600 200 1000 1200
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MpoBepka MO ana MC (GEANT-4)

. , Phys. Part. Nucl. Lett. 4, 343 (2007)
[Tposepka NO ansa mogenupoBaHus “oTknmka” getektopoB (GEANT-4) ¢ noMoLlbto

SKCNepMUMeEHTanbHbIX AAaHHbIX TECTOB Ha ny4yax SPS (MHOOHHbIE N MUOHHbIE MY4YKN):

HE/EMU Test Beam 2004 S 0 AL OO AU U UL 1 1 OO S
= | I. Belotelov et al. '
2004 Beam test on hadron and p-beams (10-400 GeV) < [ | CMS NOTE 2006/034
= ~1 CMS PTDR 2006
) | [ [ O RS = Lo
I R 0. E e au i
: : c
\ ; o
Dl - 3 Simulation
® 4. |®Daa
s 107 10°
o Muon momentum P, GeV
|: Nagnet ’
I

Length of gptica lirks fromiperipheral craies—S0m
Couiers: S1.54 -1 xMManS2—4x4dan S3—2 x2om S5—10x10am S5—-12x12cm

0.1

Simulation, QGSP
| e Simulation, QGSC
- | = Simulation, FTFP

- | =1ee== Simulation, LHEP

[M1O CMS, ocHoBaHHOe Ha GEANT4,
YyOOBNETBOPUTESTBLHO BOCNPON3BOAUT ot i sii|~® Data
SKcrnepumeHTasbHble AaHHble | 10°

Punchtrough probability in ME11

Pion momentum P, GeV
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OH-nanH oTbop MIOOHHbIX nap (Tpurrep)

|. Belotelov et al.

Kputepuun otbopa anst MUHTEHCUBHOCTU LS 1# ok, vl (200
10%? cm=2 st
Tpurrep nepsoro ypoBHs L1:
v’ OOAMHOYHBIN MIOOH: p; > 7 GeV/c, In| £ 2.1
v’ napa MIOHOB: p; > (3 GeV/c, 3 GeV/c), |n| £ 2.4
Tpurrep Bbicokoro yposHa HTL (L2Zmuon®L 3tracker):
v’ OOMHOYHbIN MIOOH: pr > 16 GeV/c, In| < 2.4 04
v’ napa MIOHOB: p; > (3 GeV/c, 3 GeV/c), |n| £ 2.4 0.2
v’ KpUTEPUI N30NNMPOBaHHOCTN B Tpekepe (AR <

0.8

Acceptance

0.6

|||I|||I|||I|||I||5I

o 0IIIIIIIIIIII|IIII|IIIIIIIIIIIIIIlIIII|IIII|IIII
0.3), HeT kanopumeTpuyeckon nsonaumm B EC 500 1000 115002000 2500 3000 8500 400 4509 00
97-98%!!

1:":'_I§ LI I1'I LI LI I‘r LI I1rl LI LI 99%! ! 1|:r:|:| 1 LI -I LI ILI LILEL ll LI l rrri l LB} ’l : .
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= L] _ = [ i
A ooy e u -
= F . g % ]
u s - W - -
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o i ] F .
a2 L C .
: N ol F——F———4 :
a0l T7Ees i - T & u::
L - Birgla v B T 1 . e
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Dimuon invariant mass, GeV/c . . . )
— Dimuon invariant mass, GeVic? ——
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UccnepgoBaHue KputepmeB U30JIMPOBaAHHOCTM

M3onupoBaHHOCTL B kanopumetpe (L2): AR = |/ An°+Ag°

> EECAL(AR<0.07) < 0.12 — 0.45GeV N N
D pHea (AR<0.1) < 0.6Gev T2
M3onunposaHHOCTb B Tpekepe (L3): N
D piracker (AR<0.015) < 0.8GeVic /
Muon Vertes
HLT details, p, = 1000 L2 M hit
1 -&- L2 Wix
& i i e Kputepum N30/TMPOBAHHOCTH
g 0.9 ‘L‘tt_ ......... _II ______________ _ MIOOHHOMO Tpeka B OM
0= - H -
o I & (3Etm Kanopumetpe  He  [OSDKeH
o8l L.t . __I.._,EI- | I npumMeHaTbcs  ana otbopa
e ¥ | 22D MIOOHOB BbICOKNX QHEPINU

Y AP
07 = —

-
| |
| I
| ]
0.6 — .5 __Il_ -
Y
I
|
I

0.5

|
|
|
I
|
0 0.5

KpUTepumn N30SIMPOBAHHOCTM
MIOOHHOIo Tpeka B Tpekepe He
NpuBOAUT K CYLLECTBEHHOMY
nageHuno 9 (peKTUBHOCTU
Tpurrepa ©n = MOXeT  OblTb
MCNosb30BaH a5 nogasrieHns
dOOHOBbLIX COBLITUN
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. (A= Threshold Rate EgEe Threshold Rate
L 1 Tr I g g er Rat eS L1 Trigger (GeV) Prescale (kHz) L1 Trigger (GeV) Prescale (kHz)

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
I. Belotelov et al. % Singlebuld e 1| 0.8 £0.02 A SingleEG20 20 1] 052 £0.03
CMS PTDR, Vol.I (2006) A Singleduzl 20 1( 0.09+0.01 A SingleREGZ5 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+0.01
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 '} NS B AT
A DoubleMul 1] 028 +£0.02
B DoubleIscEGLO 10 1| 0.08+£0.01
A_DoubleEGS5 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,

Contimied on next page ...
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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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Odoth-navH peKoOHCTPYKLUA MIOOHOB

O PaspaboTtka, pa3BuTe anroputMoB PEKOHCTPYKLIMM MIOOHOB U MIOOHHbIX nap ¢
Yy4EeTOM 0COOEHHOCTEN MIOOHOB BbICOKMX 3HEprnin (ocobeHHo B obnactu Endcap)

U Tectbl HoBbLIX Bepcun 1O (CMSSW) ona pekoHCTpyKumnn MooHoB Ha MC u
aKcnepuMeHTasribHbIX JaHHbIX (KOCMUYECKME MIOOHbI, Ny4kn SPS)

) |. Belotelov et al.
B CMSSW peann3oBaHbl pasnuyHblie anropuTmbi: CMS PTDR, Vol.I (2006)
Option O:
& lﬁ S . _‘"'i' R [+ Py=10GeV
Tracker only 2098 b Jaitty a T R T o 6)
Sp 96! \; ‘o i a}:ff L B R S e ;
. =T ' | . c v Py =500 GeV i
Option 1: Wo 94! i‘ ; ;;' 2 2 ~ Py = 1000 Ge\] 4
Global Muon Reconstructor 0.92- | ! ) j%
(Tracker + Muon) 09 g0t e
0.88 i o
. _ f [~ P, =10GevV | 1 [ Ry e L
Op“on 2: I:I.BﬁvE . P - 50GeY . " .".:.n":.--"
Truncated Muon Reconstructor 08453) | hmeer | N ———— e re
(Tracker + 1asi MIOOHHas CTaHLMS) 0.82 |, - 1000 G\l a 0% "::'.::::-" et | | _
8% 05 1 15 2 25 o 05 1 15 2 25
Option 3: Pseudorapidity | Pseudorapidity |

Picky Muon Reconstructor
(Tracker + “4nucrtas” MIOOHHas CTaHLUMA)
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— 9gopeKTMBHOCTbL: 94+92 %

— MaccoBoe paspelleHue: 3.8+7.2 %

— yrnosoe pa3pelueHune: nyywe 0.5 %

ONS AnanasoHa MHBapuaHTHbIX Macc 1+ 5 TaB/c?

PeKOHCTpYyKUMA n oTOOp nap MIOOHOB

E T LI L T T T T T .I LI 1{:‘:I - | 1
L] - T — -
= 10t [ | » Tracker-caly . - | :____ ¥ T D e
£ " Giobal ' | i o e i
z i TPFMS Eﬂ = =
(= - . . -1 . =
= ¥ _TMR * D gt A
B = | k2
g ! # LU - ] L
= r . L
- | P ]
- . i gat '__ I-H-\-H"'\-\.
1 e, ___._____
=¥ : . . s
oy | L1 bits
L H'EI_ & ENGIA @
10¢ —— : B double a}
g — L\, J*limon [ ) 0
CMS 2008 5 g0 1000 1500 2000 2500 3000 3500
10 1P 10 Dimuon invariant mass, GeVic?
P, (Gevic)
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Odcpch-nailH PEKOHCTPYKUUA: UCTOPUUYECKUI CKaH AN

efficiency t 1.2< 1] < 2.

| | |
2002 | 2003 i 2004 2005
| | |
100% —T i i i . S
95% T ' ! Y
| o ¢ =% |
50 % | ® | | MiooH c p; =1 TaB
|
5% ! &® | i
| | |
80 % . i i i
! i | | i | ! | i | release
N 6.3.[]: 7.3.0 7.6.1 : 3.0.1 3.2.0 3.4.0 i 8.7.3 modif
dPt/Pt i i |
T+ | i
+ @ I |
| | |
€1 | | |
| | |
15% — : : :
P e e a
i | | |
| |
+ ® | * |
- i i % | *x K
|
L | | | | | | | | | | SLLER
1 |
| i | | i | | I | | release
-HLT | | l
# - GMR
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[MpocTpaHcTBEeHHasa HeBbipaBHEHHOCTb (misalignment)

[9%]
(]

(3]
O_\\II‘\\I\‘IIH‘IIH|IHI|HH_

——e—— Perfect alignment

——4&—— 10 pb "' misalignment scenario
——=—— 100 pb misalignment scenario
----=--- 100 pb™ track-based algorithm, 3 trials

OcTato4yHas HeBbIpaBHEHHOCTbL (Nocre
reofe3nyecKkoro BbipaBHMBaHUA):
400 mk no paguycy n ~1 mm no ocu Z

N
[$5]

N
(=]

d CueHapun HeBbIpaBHEHHOCTH
OETEKTOPHbIX CUCTEM ONS
10 pbt n 100 pbt

—
o

3 Cuenapui ocTatoqHon 4001000 1500 3000 3300 30008806 4000
HeBbIPaBHEHHOCTM Mocne npoueaypsl Z mass (GeV/c?)

o

Dimuon core resolution (A M/M, %)
o

BblpaBHMBaHWS C NOMOLLIbIO Tpekepa . . 0O O B 20
(pacnagel W) ans 100 pb! S off-line pekoHCTPYKUMA |
c_>).' a8

* BnnsiHMe HeBbIpaBHEHHOCTU Ha § - Icisglgt?gg,e\}o?i (2006)
3(PPEKTUBHOCTbL TpUrrepa T R L 4; -
npeHebpexuMo Mana o S T
947 \: i
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Pe3ynbTaTbI Nepsoro umkna
paboTbr LHC (2010-2012)

Total certified good data set
d 5.32fb1 @ 7 TeVv

d 20.65fb-1 (@ 8 TeV

~88% of delivered lumi

CMS Integrated Luminosity, pp
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https://cms-results.web.cern.ch/cms-results/public-results/publications/

MapameTpbl nepBoro umkna pab6ortbl LHC

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

3% 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
j'*,-'\.-*l No ﬂ-b“.r’F {H) N = no. protons per bunch = 1.15x10"
= — f = revolution frequency = 11.25 kHz
e, 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

NMpumep coObLITUA C Napoy MIOOHOB

Run / Event: 205694 / 416479300
M(p*) = 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,

pt = 502.25
eta = 1.542
phi=-0.28

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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PZBYJ'I bTATbI NeEPBOro LUUKNA

paboTbr LHC (2010-2012)
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Standard Model of

FUNDAMENTAL PARTICLES AND INTERACTIONS

tandard Model is a quantum theory that summarizes our current knowle

matter constituents

FERMIONS pi
Leptons spin =1/2

Ma: Electric|
GeV charge |

vyl (0-043x10° 0
€ seaon 0000511 -

miade o= (0.009-0.13)x10% 0
& moon 0.106 y

Quarks

Flavor

Yyl pesvest | (0.04-0.14)x10-9

1/2, 3/2, 512,

| Approx

spin =1/2

Electric
charge

in units of h, which is the quantum

05x10°#J s

on in units of the proton’s charge. In I units 4

1, Of ¥y, labelled by the
y with its production. Each is a defined
quantum mixtus V. and Vi for
which curren Fur
owerful clues 1o puz

properties of net pe
f stars and gal

on
about matter and antimatter and th

Mancr and Annmanev

a ponding an
or — charg
in but opy

/pe, denoted by
). Partic

Particle Processes

These diagrams are an artist's conception. Blue-green shaded areas repress

e*e” — BOBO

ctric charge of the proton

Property

Acts on:

Particles experier

Particles

Strength at §

\

t the cloud of gluons

1

of fundamental pa

Structure within
the Atom
Quark

Size <10%m

Electron

a4 Size <10-8m

i
\Neuh’on
»1) E. 8 and

Proton
Size = 107"5m,

Nucleus
Size = 1074 m.

@5
= @
&

ad
d
~— Atom

Size = 10-°m

f the proton and neutrons in this picture were
10 cm across, then the quarks and electrons
would be less than 0.1 mm in size and the
entire atom would be about 10 km across.

Properties of the Interactions

hown relative to the strength of the electromagnetic force for two  quarks separated by

Weak Electromagnetic
Interaction

Interaction

s (interactions

(Unified Electroweak spin = 1

Mass — Energy Flavor
Al Quarks, Leptons

Graviton
(ot yet observed)

1041
10=41

Bang. Why
forho tiny a

Electric Charge
Electrically Charged

and by decay rates of unstable particie
force carriers

BOSONS spin=o0, 1, 2,
P —
Electric ==l

% Name
charge charge

(also called "color charge -an have strong
ns. Each quark carries three types of
\arges have nothing to do
ctr

by exchanging
s, color-charged partic
fnteract by exchanging gloons

Quarks Confined in Mesons and Baryons

additional qu:
are the particies seen to emerge

Color Charge
Quarks, Gluons

Gluons

|

.

NMpouecc Openna-fAHa

v’ ceyeHue

v’ yrnoBble pacnpeaeneHuns
v acummeTtpusa AFB

v/ cnabbin yron cMmellnBaHusA

C.B. LLimaToB, UccnepgoBaHme npoLiecCOB NapHOro poXXaeHust MIOOHOB..., UAU PAH, 23 ceHTabpsa 2019, Tpouuk

37



CMS

CuctemaTtuka namepeHmu npouecca A

CuctemaTnyeckne apdekTbl

v' KoHeuHoe paspeLleHne JeTeKTOPHbIX CUCTEM koppekuun (unfolding) ¢

v’ MianyyeHune B KoHe4HOM cocTosiHuM (FSR) MOMOLLbI0 MaTpWL, OTKAMKA
Y AkcenTaHc nonyyeHHbIx Ha MC

v' HeBbIpaBHEHHOCTb AETEKTOPHbIX CUCTEM

v' HanoxeHwune cobbiTnn (pile-up)

v' Koppekuns umnyrbca MIOOHOB } Mpouenypa nocnenosaTensHoil

—2000 ’
v Oh(PeKTUBHOCTL = at {3 = 8 TeV, CMS Simulation !
v HeonpepgeneHHoCTb (hoHa O, [l
Sources ete” ptu~ i 600 . iy
Efficiency 29,05,07 1.0,04,1.8 = 107
Detector resolution 1.2,54,1.8 0.6,1.8,1.6 o
Background estimation 2.2,0.1,13.8 1.0,0.1, 4.6 E 2A()
Electron energy scale 02,2420 — =
Muon momentum scale — 0.2,1.7, 1.6 a 120
FSR simulation 0.4,0.3,03 04,0.2,0.5 102
Total experimental 3.7,25,14.0 1.6,25,5.4
Theoretical uncertainty  4.2,1.6,5.3 4.1,1.6,5.3 60
Luminosity 26,26,26 2.6,2.6,2.6
Total 6.3,6.7,15.3 5.1,3.9,8.0 30
I D—3
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CMS

CeueHue npu 8 TaB B o6nactu Z-nuka (n6H) {&N?

T

Ceuenne B obsiact 7 1mka

pre-FSR, ¢ yueToM €4¢
post-FSR., ¢ yueToM €g4ec
pre-FSR, 0e3 yuera €4..
post-FSR, 6e3 yuera €4

1135 4+ 11 (skcm.) + 25 (Teop.) = 30 (cBer.)
1115 + 11(3kem.) + 25 (Teop.) £+ 29 (cBeT.)
571 + 6(3kcn) + 1 (Teop.) == 15 (cBer.)
558 + 6 (skci.) £+ 1 (Teop.) £+ 15 (cBer.)

ete™

Ceuenne B obsiact Z V- 1mKa

pre-FSR, ¢ ydeTroMm €g4.0
post-FSR, ¢ ygeToM €4¢e
pre-E'SR, 6e3 yuera €,
post-F'SR, 0e3 yuera €,

1141 + 11 (3kcm.) £ 25 (Teop.) = 30 (cBeT.)
1101 £+ 11 (skcm.) + 26 (Teop.) + 29 (cBer.)
572 + 6 (3kcm.) + l(TEDp) + 15 (cBeT.)
551 + 6 (3kcm.) &+ 1 (Teop.) + 14 (cBer.)

ptpT +ete”

Ceuenne B obnactu ZY—mnmka

pre-FSR, ¢ yueToM €4,

1138 4+ 8 (3kcm.) + 25 (Teop.) £+ 30 (cBert.)
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Cfdonor — o.0001  0.007 001 0.1
EMPDF with CMS DY data at & TeV', @ =10 Ga¥

Bl =
NNFOF dala + GRE D 3 TewT Tey'

E‘ 1.3

B CP) I B,

i i | i il
0.001 » AN 0.1

0.0001
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€3 AcummeTpusa “Bnepen-Hasag” (1)

Eur. Phys. J. C 76 (2016) 325

q &

Yz g N A SR R R I N I
— 7 N (g — ¢4y i - -
2[’(_}591{' Z il (91 9_4 ) e N T .
0.5 — T, -
a I I S
do Ara? 3 I N ]
= “A(1+ cos® ) + Bcos I NN |

d cos 3s [8 ( ) ] - o 1
£ 0.0 = \.l. ‘\‘ :': o

V-A CTpyKTypa cnabbix TOKoB, 0bycroBrneHHas ) I 1
HapyweHnem P-4eTHOCTN, AaeT aCUMMETPUIO MO Yrny - .
BblfleTa NenToHa OTHOCUTENbHO (PUKCUPOBAHHOIO 05 ir dd — ete™ 0% /4
HanpasneHna (KBapka) I

Ll | Lol i 1 | LAl i I | [ l.l\.l’.l i : 1
100 200 300 400 500 600
C.M. energy (GeV)

1 do 0 do
O —0B IU dcosﬁ'dcosg o f—l dcost?dcosg 3B

Arp = = =
1 4o 0 do ’
or+05 [y 78sdcosf + [0 725dcosf 84 35 yanpaBneHne aBMKeHNs KBapka

L' do NPUHUMAETCS HanpaBrieHne OBUKEHNE
r = /D d(cos g)d(ws ) g _20r 2 gets oumiooHa (DY/Z’/G*/...), 4To NnpnBoANT
J 5 SHL Uy K NOSIBINEHMIO HeomnpeaeneHHoCTy
A

BblOOpa HanpaBneHns, KoTopas

0
0B / d—ad(cos 0)
y d(cos 6) ”
MakcumarnbHa npu n =0
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AcnmmeTpua “Bnepepn-Hasan’ (2)

Mpu 6onblnx maccax A e = 0.61

Eur. Phys. J. C 76 (2016) 325

CMS Preliminary

L=197fh"at {s=8 TeV

E 1(;3_!:;3:::'9&'%:1&:'? L=197f"at (s=8TeV E 1?4:3&;;?:;::1:1# L=197f"at (S=8 TeV % 2000;33 < M(u*u) < 150 GeV. Iyl < 2.4 Iilg?:irf;;m-)
0.8F- i E;';HEG 08F i mHEG € = [ Background
0.6F 0.6F I =3
ot I B e
DE- R T IGE u.- E_
e S 1000
-0.2F 0.2 =
-0.4F 0.4f- , , =
© o —_— — — 500
E 1.5 E 1.5 = E
g e 1*, = 4 =
(=1
0o . , N “os 7 °7 08 06 04 02 0 02 04 06 08 I
ol 100 200 300 1000 2000 50 100 2000 300 1000 20 .
M(i~1) [GeV] M(i*F) [GeV] COSBg
o CMS Preliminary L=197fb"at {s=8TeV CMS Preliminary L=197 M at {s=8 TeV |y| bins ‘
< E'a < Systematic Uncertainty | 0-1 [1-1.25]125-15]15-24
OO e POWHEG L 1 Ko vt b 1 I, e s Mo S i el
0e Y [ 08 e ! Background 0.062 | 0.080 @ 0209 | 0.051
9 L - - Momentum correction | 0.006 | 0015 | 0020 | 0022
oy I Unfolding 0.001 | 0.003 | 0004 | 0.003
.2 02 Ve Pileup reweighting | 0.002 | 0004 | 0003 | 0.004
-0.4 4 '
o : . 4’5 == Efficiency scale factors | < 0.001 | 0.002 | 0008 | 0.005
=15 = S15F -
3 s pp——t= [ s e t—— PDF 0001 | 0.004 | 0008 | 0047
Sosl ] Sesf | o QEDFSR | <0001 | 0001 | 0001 | 0002
50 100 200 300 1000 2000 50 100 200 300 1000 2001 h B
M(I*T) [GeV] M(i-F) [GeV]
v' Cornacue gaHHbix u npeackasaHnn CM B NLO POWHEG
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| Yron BanHbepra sinZ0,, I
'DreII Yan yield = F [lepton angular (cos@.g), dilepton rapidity (Y), dilepton mass (s)]

do +1—x(Y,8,c05 0%3)
pp—ITI— X CcS e Z

Aeven 2 ()% ine
dY s doos Oig [Gqg (S, COS“U5s, SIN“Oeff) +

q=u.d,s,c,b
Dyg(s.Y) x 6389(s. cos O, sin?fer )] X Fog(s.Y)

dilution facé i | -
(reflects the fact that sin “fog = 0.2287 = 0.0020 (stat.) = 0.0025 (syst.).

Nparton factor
(takes into
account flavour-

the quark direction is dependence)
generally unknown and
is taken as the boost Systematic uncertainties in the measurement of sin® Oy
direction of the dilepton Source Correction | Uncertainty
system) PDF - +£0.0013
FSR - +0.0011
LO model (EWK) - +0.0002
LO model (QCD) +0.0012 +0.0012
Resolution/alignment +0.0007 +0.0013
Acceptance and Efficiency - +0.0003
Background - +0.0001
PRD 84, 112002 (2011) Total +0.0019 +0.0025
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Pe3ynbTaTbI Nepeoro Uukna
paboTbr LHC (2010-2012):
NOUCK PU3UKU 3a paMKamu CM B KaHane
napovi MHOOHOB

1

dea/dM {pb/GeV)

[ M,, = 1026 GeV

| EXO-11-019 (Res)) |

C.B. LLimaToB, UccnepgoBaHme npoLiecCOB NapHOro poXXaeHust MIOOHOB..., UAU PAH, 23 ceHTabpsa 2019, Tpouuk 47



Tsixenble pe3oHaHCbI (1)

JHEP 04 (2015) 025, arXiv:1412.6302

N,—n N

. R 0
E(m|Rg,EvL [w,wn,pB,x ug) = & I::F | | (Hslij[—tﬂfs{mr'mi [, w) + F?B B(”IEM;P;K:]}
] ' i=1 !
. - =
dou: mretnHpm o _olpp = Z X = U+ X)
Noe —

oclpp =2+ X = 0+ X)
v C 95% CL ncknoyeHsl

= Z.oy C Maccoii meHee 2.90 TaB = Gy« C Maccoun meHee 1.27 TaB (c=0.01)

= ZY Cc maccoun meHee 2.57 TaB

= G,k C Maccon meHee 2.73 TaB (c=0.1)

20.6 fb™' (8 TeV, pu) + 19.7 fb' (8 TeV, ee) 20.6 fb' (8 TeV, up) + 19.7 fb™' (8 TeV, ee)

U B e B e T UM L B B o B B S B
-CMS B Median expected = CNS NN saees Median expected

i I 68% expected i - ) I 68% expected T

) 95% expected i : 95% expected _
107 7 E 10° oo G K/NIp=0.1 =
""" Z'sem E n " G W@:O.m E

o ] —rmo Gy KIV,=0.05 ]

= 95% CL limit —— 95% CL limit .

o(pp—=Z'+X-ll+X) / o(pp—Z+X—=ll+X
<

—_
Q
(=]

o(pp—Z'+X-l+X) / o(pp—Z+X—-ll+X

T [IIIIH|

[ IIIIII|

107 & —
- . R - 10'7:— =
Co Lo b v b o b Ly 1‘>"~1 T L - ~, . -
500 1000 1500 2000 2500 3000I 3500 Coo b b b e b el o T
M [GeV] 500 1000 1500 2000 2500 3000 3500
M [GeV]
v/ XOpOoLLO COornacylTcsi ¢ pedynsratamMmu B KaHane ¢ 2 hoToHamu
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CMS

Tsxenble pe30oHaHCbI (2)

JHEP 04 (2015) 025, arXiv:1412.6302
MaccoBble orpaHn4eHns MoryT BbITb pacLIMpeHbl HA NPON3BOSIbHYIO
TEOPETUYECKY0 Moaenb (B NpubnmkeHnn y3koro pesoHaHca)

_ 4CMs 20.6 fb™ (8TeV, uu) + 19.7 fb (8 TeV, ee)
m V2 172 >
Ti+j— = E[Cﬂwu(s‘j ﬂffl;j + C,_rg'w,_rg(.f?? JLIV)]T o 10 :_3888 gg¥
5 3800 GeV
‘ | 3700 GeV
gﬂ u2 w2 B f+f_ 3288 ge¥
i - — - _ . . . e _
v = S(gv +9140)BLTT). 3500 Ge¥ ;
g,.;, 10 -2| 3300 GeV
o dq2 d2 + 57— 13200 GeV e )
Cd = 7{Q1' + g4 )B(f [ j 3100Gev LR } (’
3000GeV \“‘7}' 3L
[2900GeV B¢ \
2800GeV M “\ \
B — \
KoadhchmumeHTsl W, 1 Wy coaepxar o N
2600 GeV = ~ s
nHdopmaumio o PDF u siBnsitoTcs 10 |2s00Gev &7, VL)
MOAENbHO-HEe3aBUCUMbIMN BENUYNHAMMU Mixing angle: : \, '\, \ | |
i (-m/2,-1t/4) IR \ | \ |
- (-1/4.0) \ AL T U O O O
-eme- (0.1/4) 1531 T T O O R O
10_4 1 (TlE |’T|c\\)\\‘ \l\ \_\\_islww‘l‘.\\‘l‘ ‘l |‘| \| |I\‘II\ ‘
[lpencraBneHne B NpOCTPaHCTBE 107 107 1072 10"
(W, 1 Wy ) MOXET TakXe NMomMo4b B

pasgeneHnn mogenen (B cnyvyae obHapyXeHusi curHana)

C.B. LLimaToB, UccnepgoBaHme npoLiecCOB NapHOro poXXaeHust MIOOHOB..., UAU PAH, 23 ceHTabpsa 2019, Tpouuk



CMS

CpaBHeHUue npenenos

Tabauma 6.36. Orpannuenns (95% C.L.) na maccol pesonancos (B 3B/ c?).

Motenn Kanan ptp~ | Kanan ete™ | Kanan pp~ @ ete”
Vs = 8 TsB, Lyt = 20.6 pou—! [80, 48]

Zsgnr 2730 2670 2900

Zy 2390 2340 2570

RS1 rpasuton (¢ = 0.10) 2560 2500 2730

RS1 rpasuron (¢ = 0.05) 2120 2130 2350

RS1 rpasuron (¢ = 0.01) 1130 1250 1270

\ﬁ —7ue& TEBB; ﬁint

— 5.3 ot (7 TsB) u 4.1 pou~! (8 TsB) [82)]

Zssu - — 2590
Zy - - 2260
RS1 rpasuron (¢ = 0.1) — — 2390
RS1 rpasuron (¢ = 0.05) — — 2030
Vs =TTsB, Line = 5.3 pon—! [84]
Zssm 2150 2120 2330
Zy 1820 1810 2000
RS1 rpasuron (¢ = 0.1) 1990 1960 2140
RS1 rpasuron (¢ = 0.05) 1630 1640 1810
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Hepe3oHaHCHble curHanbl (ADD): cnekTp

JHEP 04 (2015) 025, arXiv:1412.6302

pp>up | Ldt=206fb" {s=8TeV

5
>10||||||||||||||||||||||||
()
M ]
@104 g‘pubsﬁshed .Drell Yan

~10°

GCJ1 0? . tt +single top
U 10 —— ADD A=3.6 TeV

1 « data
10"
10
107

4
10 500 1000 1500 2000 250C

M,.(GeV)
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= Hepe3oHaHCcHble curHanbl (ADD): npeaenbl

JHEP 04 (2015) 025, arXiv:1412.6302

20.6 fb'(8 TeV, pu) + 19.7 fv'(8 TeV, ee)

= oL | | | | "] Muow | Opexex| Ar Ms (HLZ)
g i CMS LU TN 1 K (GRV) [ n=2[n=3[n=4|n=5|n=06] n=7
o - . T, my, > 1.9 ToB, o, < 0.19 G6u (0.19 om oxkng.) npu 95% CL
E 5[ ==ree 1 10 Owxcun | 371 | 346 | 442 [ 371 | 336 | 3.12 2.95
o - 4 1.3 Ok 3.84 3.69 4.57 3.84 3.47 3.23 3.06
= F =—ee + up 1 10 Haon. | 3.72 | 348 | 443 | 372 | 336 | 313 | 2.96
E 450 ] 13 HaGo. | 3.85 | 3.70 | 458 | 3.85 | 348 | 324 | 3.7
B 7 et e, mee > 1.8 TaB, 0, < 0.18 $6u (0.18 oH okua.) npu 95% CL
. 1 7o Owain | 375 | 373 | 447 | 3.75 | 3.39 | 3.16 2.99
- 1 1.3 Ok 3.88 3.91 4.61 3.88 3.50 3.26 3.08
4-__------ 1 10 Haou. 3.77 3.75 4.48 3.77 3.40 3.17 3.00
- 4 13 Hatu. 3.89 3.94 4.63 3.89 3.52 3.27 3.09
R 1 prpmwmete™, my > 2.0 TsB, o, < 0.09 d6u (0.10 b6H oxuz.) npu 95% CL
35— — 1.0 Ok 3.99 3.88 4.74 3.99 3.60 3.35 2.17
i 1 1.3 Ozxu. 4.13 3.13 491 4.13 3.73 3.47 3.28
L 1.0 Habu1. 4.00 3.90 4.75 4.00 3.61 3.36 3.18
N | | | | Aeeapeas 13 HaGn | 414 | 415 | 493 | 414 | 374 | 348 |  3.30
2 3 4 5 6 7
Mep

95% CL npegenbl Ha oyHOaMeHTarnbHbIM MacluTad rpaButauum B 3EKTUBHON TEOPUN
COCTaBnAlT (O119 pasnuUYHbIX CXEM

,1'2
nepeHOpPMM1POBKH) A=t _ Mz * log (ME ) , NED = 2;
v’ ana Mg ot 4.9 fo 3.3 TaB ang n=3-7 T - _2 M4 nep > 2,
v ona/lA;—4.1TaB ”ED_Z
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LQ1(ej) x2

LO1 e+ LD (vj)
LO2i{pj) x2

L2 (pj)+LO2{vj)
LO3vb) x2
LO3(th) x2
LOQ3itt) x2
LQ3(wt) x2
Single L1 (=1}
Single LO2 (k=1)

RBS1(yy), k=0.1
RS1{ee,pp), k=0.1
R31(jj). k=0.1
RS1(WW —4j), k=0.1

CMS Exotica Summary (95% C.L.)

Leptoquarks

CMS Preliminary

SSM Z'(1T)

SSM Z'(jj)

SSM Z'(bb)

SSM Z'(eel+Z'(pp)
SSMW'(jj

SSM W'(Iv)

SSM W (WZ—Ivll)
SSM W'(WZ—4j)

coloronijj) x2
coloron(4j) x2
gluino(3j) x2
gluinoijjb) x2

Multijet

Resonances

stopped gluino (cloud)
stopped stop (cloud)

HSCP gluine (cloud) i

Sk gl cowd i e
q=2/3e HSCP Particles
g=3e HSGP

chargino, ctau=100ns, AMSB
neutralino, ctau=25cm, ECAL time

3 4 TeV

0 1 2
j+MET, vector DM=100 GeV, A
j+MET, axial-vector DM=100 Ge\, A |
j+MET, scalar DM=100 GeV, A
y+MET, vector DM=100 Ge\, A DGrk Mojﬁer
y+MET, axial-vector DM=100 GeV, A
0 1 2

1+MET, £=+1, SI/SD DM=100 G&V, A
1+MET, £=-1, S1/5D DM=100 G&V, A
I+MET, £=0, SI/SD DM=100 Ge\i, A

4 TeV

3 4 TeV

Large Extra
Dimensions

ADD (y+MET), nED=4, MD
ADD (j+MET), nED=4, MD
ADD [ee uu), nED=4, MS
ADD (yy), nED=4, M3

ADD (jj), nED=4, M5

QOBH, nED=4, MD=4 TeV
NR BH, nED=4, MD=4 TaV¥
QBH (jj), nED=4, MD=4 TeV
Jet Extinction Scale

String Scale {j)

4 TeV

Excited
Fermions

Compositeness

dijets, A+ LL/RR
dijets, A- LL/RR
dimuons, A+ LLIM
dimuons, A- LLIM
dielectrons, A+ LLIM
TeV dielectrons, A- LLIM
single &, A HRCM
single y, A HNCM
inclusive jets, A+
inclusive jets, A-

0123458678 910111213141516171819 TeV
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CMS

Pe3ynbTaTtbl nepsoro umkna
paboTbr LHC (2010-2012):
NOUCK HOBOU (PU3UKU B KaHAse
MHOXeCTBEHHOro poxAeHUs CTpyw

54



OObpa3oBaHUue YepHbIX AbIP

In large extra dimension models V2. — u\fr+2,n

i i 24Pl Mp
« Gravity stronger at small distances .
- Horizon radius larger 1 Mpy 8T (2£2)] ™
« For M~ TeV itincreases from 1038 fm to 104 fm 'S VaMp | Mp n+2

For these BH R, << R and they have approximately higher dimensional spherical
symmetry

At the LHC partons can come closer than their Schwarzschild horizon

¢

Black Hole Production

o~ TS
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CMS

MexaHu3mMbl 1 3BONOLUUSA

C.B. LLimaToB, UccnepgoBaHme npoLiecCOB NapHOro poXXaeHust MIOOHOB..., UAU PAH, 23 ceHTabpsa 2019, Tpouuk

Pa3bunerune Y[ n anstepHaTMBHbIX OOBEKTOB MO Kaccam, B COOTBETCTBUMN C
Pa3HOWN (PU3NKOM ABNEHUA U OTNNYAOLWENCH NOCTAaHOBKOW 9KCNEPUMEHTOB MO

OOHapYy>XeHMI0 BO3MOXHbIX CUrHanoB

u «Hopmaanaﬂ» KBa3uknaccudeckas Y[, IHEPIrnn XBartaet ans cobniogeHus

yCrnoBuA OTXo4da AOCTaTOMHO Adarneko oT oyHA4aMeHTanbHoro macwurtaba
(«XOpOLUNIM TPaHCMTaHKOBCKUN pexumy»), YL ¢ 6onbLlion 3HTPONUEN, TeEpMarbHbIN

CNeKTp

= KBaHTOBasi Y/, poxxaeHne B6rm3m nopora, Mmanas SHeprusa U HTponus,
KBa3uKnaccmyeckoe onmcaHne HeNnpUMeHMMo, yCurieHme poXXaeHua asyx- 1

TPEXCTPYUHbIX KOHJUrypauumn ¢ 6onbwmmm p;
= CTPYHHbIN Wwap (NpOMeXYyTOYHOE COCTOSIHME B 0B1acTn Mexay BbICOKOSHEpPreTny-

HbIM paccestHnem CTpyH 1 obnacTteto poxaeHust KH4[1), pukcmpoBaHHas TemnepaTtypa
B NpoLecce 3BonoUMn, MHad goopma CnekTpoB oMHAaSIbHbIX YacTuLl

Kaxablh BO3MOXXHbIN CUeHapun — npegmeT nccregosaHnsa n MC mogenmpoBaHus
(npoaHanunaupoBaHo boree 20 cueHapue, nodTn 2000 TOYEK B MPOCTPaHCTBE

napamMmeTpoB )
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CMS
CurHan

SM Process BH decay
= Multi-jet and hard leptons events

Tﬁ/: 1> =) = High spherical

. / ] "”.\\.z/.c = High energind o
q / q :_,. _’ o f
7/&1 :__,/ ,/ \«\ q Experimental observables
‘,//f l\x< which are sensitive to these
features
E. =Esinéd
Njet
S; => E;
i=1

Jets, photons and leptons,
E; > 50 GeV
Missing E; > 50 GeV
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Oucnneun cobbITUN

CMS 3D real event visualisation,
N = 9 BH candidate

S;=2.5TeV (Run 165567,
Event 347495624)

CMS Experiment al LHC, CERN

Data recarded: Mon May 23 21:4626 2011 EDT
RurvEvent. 165567 ( 347495624

Lumi saction: 280

OrbiYCrossing: 73265863 ( 3161

CMS: the transverse view,
N = 10 BH candidate

S:=1.1TeV (Run 163332,
Event 196371106)

CMS Experiment al LHC, CERN
Diata recorded: Sat Apr 23 08:05:38 2011 EDT
RunfEvant: 163332 / 196371106
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CMS

CnekTp S;(data-driven)

The CMS analysis 2012-2013. 12.1 fb-1- JHEP 07 (2013) 178, arXiv:1303.5338

. CMS Vs = 8 TeV L=12.1fb’ 8 CMS Vs = 8 TeV L=12.1 fb"
>10 - >10"g
8 Multiplicity N = 2 8 E Multiplicity N> 2
S10° ¢ Data 810" ¢ Data
N - N=3 Fit Rescaled | Photon+Jets N - Photon+Jets
a P L —— Background
2 . — Background M ttoar L10°L _ M ttbar
010 Uncertainty B V-+Jets e ¥ Uncertainty W V+Jets
L ) L B min
----- Mp =2.0 TeV, Mg = 5.0 TeV, n = 4 10° = Mp=1.5TeV, My "= 55TeV,n =6
4 h
10 —-My=25TeV,M"=45TeV,n=2 | [ - Mp = 2.0 TeV, MB“;;“ -50TeV,n=4
min 4 .
........ MD = 30 TeV, MQBH = 40 TeV, n= 4 10 —_— MD - 25 TeV, MBFT-:n - 45 TeV, n= 2

........ M, =3.0TeV, MQBH =4.0TeV,n=4

10° e g o
- 102 = mm . %,
10EE 10;? .-l.—.lgi'_[__:-i“‘"
C = 1, &
Z R L C L. L'!..
L Rt L_tt,
1E| | L1l L1l \P- --l—! l+| (I} I B | 1—E| | | | | | || | { | |_L'-{U
ol ol
= Ofm -“‘-‘ = OW
: ' 3
-2 | [ ‘ [ ‘ [ . ‘ [ ‘ [ ‘ [ ‘ [ | | | -2 | [ ‘ [ ‘ [ ‘ [ ‘ [ ‘ L 111 ‘ [ . | | |
2000 2500 3000 3500 4000 4500 5000 5500 2000 2500 3000 3500 4000 4500 5000 5500

S. (GeV) S; (GeV)

doH: KOHTpOnbHas obnacTtbl.9 < S; < 2.3 TaB
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CMS
- S;c N obbekTaMm B KOHEeYHOM cocTossHUM (1)

. CMSVs=8Tev  L=1211b" . CMSis=8Tev  L=1211b" JHEP 07 (2013) 178, arXiv:1303.5338
E Multiplicity N> 3 E Multiplicity N> 4
810' ¢ ¢ Data 810'¢ ¢ Data
* 85 —— Background & 65 —— Background .
é 0 E Uncertainty § 0 E Uncertainty The CMS an alyS|S 2012'2013,
“1105% ------ Mp = 1.5 TeV, M™" = 5.5 TeV, n = 6 “ﬂosé ------ Mp = 1.5 TeV, M™" = 5.5 TeV, n = 6 12.1 fb-]_.
o e Mp=2.0TeV, M =5.0TeV,n=4 o e Mp=2.0TeV,MI""=5.0TeV,n=4
4 : 4L
1078 —-Mp=25TeV, M = 45TeV,n =2 107§ —-My=25TeV,M™" = 45TeV, n =2
10° 7 ........ M, = 3.0 TeV, M7 = 4.0 TeV, n = 4 103% ........ M, =3.0 TeV, M7". = 4.0 TeV, n = 4
10°E 10°E
105 102
1L 1L ﬂ 100
:\\\\‘\\\\‘\\\\‘\\\\‘\\\\ \\‘\\\\-'J'L :\\\\‘\\\\‘\\\\‘\\\\‘\\\\\\\\‘\\\\L\_L
® 3 ® 3
= 0 = 0
535 s 1r—_—-——-_-—-—
-2‘\\\\‘\\\\‘\\\\‘\\\\‘\\\\‘\\\\‘\\\\‘\\ ‘\\\\‘\\\\‘\\\\‘\\\\‘\\\\‘\\\\‘\\\\‘\\
2000 2500 3000 3500 4000 4500 5000 5500 2000 2500 3000 3500 4000 4500 5000 5500
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TTepcneKkTuBLI UCCeA0BAHUU

LHC / HL-LHC Plan

LHC
I 1
Run 1 | | Run 2 | | Run 3
LS1 EYETS 14 TeV
13-14 TeV "1
splice consolidation injector upgrade o
7 TeV 8 TeV button collimators cryo Point 4 %rtfrlfar&'iton
R2E project Civil Eng. P1-P5 regions
2011 2012 2013 2014 2015 2016 2017 2018 2019 2020 2021 2022 2023
radiation
damage
_ _ 2 x nominal luminosity q
75% experiment nominal luminosity | | experimentupgrade | | ——— 1
nominal beam pipes phase 1
luminosity |

(W) < 21

(n) = average
number of
pile-up

pp interactions
per BC.

(1) = 40

Start of run 2
parameters defined:
13 TeV,p*=0.5m

(n) <

60

High

Luminosity

LHC

HL-LHC installation

2024 2025

experiment upgrade
phase 2

2026

14 TeV
energy
5to7x
nominal
luminosity
2037
integrated
luminosity

()

= 140

Parameter 2010 201 2012 design value
Beam energy 35 35 4 7

p*inIP 12and5 (m) 2.0/35 1.5/1.0 0.6 0.55

Bunch spacing (ns) 150 75/50 50 25

Max. number of bunches 368 1380 1380 2808

Max. bunch intensity (protons per bunch) 1.2x10" 1.45x 10" 1.7x10" 1.15x 10"
Normalized emittance at start of fill (mm mrad) =2.0 =24 =2.5 375

Peak luminosity (cm~s™) 2.1x10% 3.7x10% 7.7%10% 1x10*
Max. mean number of events per bunch crossing 4 17 37 19

Stored beam energy (MJ) =28 =110 =140 362
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CpaBHeHuve cucremMaTumk

Teopua: Systematic errors
* QCD n EW nonpaBku BbICLLUX MOPAAKOB e os0d T T T T
(K factors) ;Eg o251 - - EE:):E scale r;‘f i
* CTpyKkTypHble pyHKUun (PDF) 3 - EW I 1
* Beibop macLuTaba xecTkux e i s e O s .
B3anmopencTeuii (Q3?) E 0.15 - T ,»”f i
D o0 T ##r::fi,'#;_,- i
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* HeBblpaBHEHHOCTb AETEKTOPOB | ]
 MaruutHoe none LU e .
 HanoxeHune cobbituii (pile-up) 1000 2000 3000 4000 5000
» OWNBKN TpUrrepa n PEKOHCTPYKLNK Di-muon invariant mass, GeV/c®

* HeonpeneneHHocTn poHOB (popMbl CriekTpa)

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

M,+,-, | Detector | Statistical | Statistical | Statistical | Theor Syst.

erba | -1 -1 -1
CTaTucTM4ecKme onbKY NpeBsbILLatoT Tevy/e | smoaring | 16 10fb 100 &
= 0.2 510~ (025 LIV 00026 (058
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HE3MEKTUBHOCTbIO AETEKTOPA - 210 | 00089 | 037 ol | 003 0.063
= 2.0 0.017 0.56 0.15 0.097
= 3.0 (L2 .6d 0.134
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| '\'/irtual graviton production

3 two muons in the final state
Q PYTHIA + CTEQS6L, LO +K=1.3

Q Full (GEANT-4) simulation/reco +
L1+HLT

Q Theoretical uncert. (QCD AK: 0.05 %,
EWK: 9+13.5%, QCD-scale: 4.8-7.7%,
PDF: 5.6-6.8%)

O Misalignment, trigger and of f-line reco
inefficiency, acceptance due to PDF

The “counting” estimator for significance:

Seo = 2x (NG + Ny - N )

Ser, = 2((Ns+Np)In{l +Ng/Ng) — Ng)

Ng — number of signal events, Ng — number of bck.

events
Ambiguity due to different estimators is 2-40% =

Mg reach up 8.6% depending on S/B

Significance

Significance

CtaTtncrtnyeckas 3HaummocTb curHana (ADD)

. —+— 1000 fb" — :
e —~— 300 fb’ o
F —+— 100 ‘_‘1"" . Belotelov et al.
s~ oM CMS NOTE 2006/076
g 11 CMS PTDR 2006

= —«— 011"
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ADD Discovery Limit

’

|. Belotelov et al.
CMS NOTE 2006/076
CMS PTDR 2006

I'IIT'I Tl

10 1 11IIIIH‘I‘.'I'U I '“”‘I'DC
Integrated Luminosity, b

.
_ =

Mg, T'>B 3000 4000 5000 7000 10000
n—23
1 ¢pou! 69 22 7.7 1.7 —
10 dpou~! 219 68 24 52 05
100 p6u—! | 694 215 78 166 1.6
300 por~t | 1201 373 133 29 28
1000 por—' {2193 680 243 52 5.0
n—~06
1 dpou—! 4 41 10 016 —
10 pout 4 13 32 051 —
100 p6u—t | 141 41 10 1.6 —
300 ot | 243 70 18 282  —
1000 p6r—' | 445 129 32 51 34
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CtaTnctnyeckas sHaummocTb curHana (RS1)

0 two muons/electrons in the final state e 107
Q Bckg: Drell-Yan/ZZ/WW/ZW/ttbar
0 PYTHIA/CTEQ6L A

Q LO + K=1.30 both for signal and DY o
Q Full (GEANT-4) simulation/reco _
O Viable L1 + HLT(trigger) cuts

O Theoretical uncert. (QCD AK: 0.05 %, EWK: .

|. Belotelov et al.

10 — 7
~10%, QCD-scale: 11-17%, PDF: 10-46%) / CMS NOTE 2006/104
| CMS PTDR 2006
O Misalignment, trigger and off-line reco m"’/
inefficiency, pile-up, acceptance due to PDF 1000 1500 2000 2500 3000 3500 4000
Dimuon mass, Ge\V
Koncranra ¢ | Merog onenxn | 1 b ' | 10 dpbu T [ 100 pénT | 300 bou !
_ ] ) ] o — sp ' 0.75 1.20 1.69 1.05
The binned maximume-likelihood fitting: 0.01 St 077 | 121 | 17 197
Sy 0.78 1.23 1.73 1.99
S.p 1.21 1.72 2.30 2.63
S = ,V.-’Q 11‘1':'5.5»+b ."L'g.} 0.02 Ser 1.22 1.72 2.31 2.64
' ' St 1.22 1.74 2.34 2.68
_ _ _ S.p 1.83 2.48 3.24 367
In a good agreement with counting methods 0.05 S L& | 240 8% !
S; 231 311 112 152
0.1 Ser 2.36 3.13 1.14 454
Sy 2.36 3.16 1.23 473 —
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[Mpepenbl Ha napamMeTpbl cueHapua RS1

Tty rYr Yy r Yy gy vy vy erevyprrry iy vy vy gpveya

CMS Discovery Limit of

Randall-Sundrum Graviton G->m

|. Belotelov et al.
CMS NOTE 2006/076
CMS PTDR 2006
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O TeV! Extra Dimension Model: I. Antoniadis,

Npeoenbl Ha maccy Z°

Ad 70 Ne1, 61 (2007)
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CpaBHeHMe npeackasaHHbIX U HabngaeMbIX npep,eno:

e

---------------------------------------------------------------------------------------------------------

Limit on Z'(SSM) Mass, TeV
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Spin-1/Spin-2 Discrimination

Spin-1 States: Z' from extended gauge models, Z,« kil bdiodl

Spin-2 States: RS1-graviton
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Az YyBCTBUTEMbHA K COOTHOLLEHUIO BEKTOPHOM M akCuanbHON COCTaBNALLEN

B3anMOOENCTBUA

.k

TECT Ha NpUcyTCTBUE “HOBOU” PU3UKK
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= BbiBoabl 1 pesynsTaTthbi (1)

[lpeonoxeHa, obocHOBaHa W pAeTanbHO paspaboTaHa nporpamma PU3nYecKmnx
nccrieqosaHum akcnepumeHta CMS no nposBepke cTaHO4ApPTHOWM MOAENU U MOUCKY
HOBOM OU3KMKM B KaHare C napod MIOHHOB B KOHE YHOM COCTOSIHUM,
obOpasyLwmxcs B CTONIKHOBEHUAX MYyYKOB MPOTOHOB npu aHeprun 14 TaB B c.u.m. B
pamMKax aTux paboT nony4veHbl crieqyroLwmne pesyrnsrarThbl:

1.C y4yeTOoM BNUSAHUSA B3aUMHOW HEBbIPABHEHHOCTU OETEKTOPHbLIX cucTeM ycTtaHoBkM CMS n crneumdukm
B3aUMOOENCTBUS MIOOHOB BbICOKMX SHEPINIA C BELLECTBOM YCTaHOBKN pa3paboTaHbl U ONTUMN3UPOBaHDI
MeToabl OHNamH W oddnamH oTbopa MIOHHLIX Map CO 3HAYEeHUAMU WHBAPUAHTHOWM Macchbl 00
HecKkonbkux TaB.

2.Ha paHHbix MoHTe—Kapno 1 gaHHbIX TeCcToB Ha nyykax SPS v rmobanbHOro ceaHca Ha KOCMUYECKUX
MHOOHaX MpWU BKMNHOYEHHOM MaArHUTHOM rMofie NpPOBedEeH LUMPOKOMAaCLWITAOHbIM TECT MNPOrpamMMHOro
obecneyeHns CMS ons mooenupoBaHus, PEKOHCTPYKUUM N oTOOopa CcoObITUK, coaepKallnX MIOOHbI C
nonepeYHbIMMU UMNynbcaMmun 40 HECKOSbknx TaB.

3.BnepBble npoaeMoHCTpupoBaHa BO3MOXHOCTb 3KCMEPUMEHTANbLHOIO U3MEPEHUS CedeHUs rnpouecca
[dpenna—AHa n NpoCTPaHCTBEHHOW acMMMETPUM BbIfieTa MOOHA B 0bnactn MHBapUaHTHLIX Macc Ao
Heckonbkmnx TaB, koTopble ObiNM HegocTynHbl Ana mamepeHust oo LHC. PaspabotaHbl MeTOAUKU
N3MepeHNsa cedveHuns rnpouecca [penna—AHa M NpoCTPaHCTBEHHOM acUMMETPUM BbIfleTa MIOOHA,
BKNOYass MeTtodbl rnogasneHna POHOBbLIX MPOLECCOB U KOPPEKUUK CcUcTeMaTUYecKux 9ddeKTOoB,
CcNocobbl OLEHKN 3KCNEPUMEHTANbHbIX CUCTEMATUYECKMUX NOrPELLIHOCTEN.
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chas BbiBoAbI 1 pe3ynbraTthbl (2)

4. PaccuutaHbl TeopeTudeckue MOorpeLwHoCTN BblMUCIEHUN ceyeHua npouecca [dpenna—AHa,
CBfI3@aHHble C  HETOYHbIM  3HaHMEM  (YHKUMW  pacnpeferieHnsi KBapKOB U [JIHOOHOB,
Heo4HO3Ha4YHOCTbIO Bblbopa wkanbl KX, KOHEYHOM TOYHOCTbLIO ornpeneneHnsa beryuen KOHCTaHThbl
cBs3n KXI.

5. C y4yeTOM BrUSAHUSA cCUCTEMATUYECKUX IGEEKTOB, CBS3AHHLIX C PErMCTPUpYIOLWEN annapaTypou,
METOAOB OTOOpa M PEKOHCTPYKLUMW MIOOHOB W TOYHOCTU TEOPETUYECKUX BbIMUCIIEHUIN BrepBble
nokasaHa BO3MOXHOCTb HabnogeHus CUrHanoB OT MHOrOMEPHOW rpaBuTauumn, nNpeackasbiBaeMblX
cueHapuem ¢ bonbWrMK OoNoNTHUTENbHbIMU n3MmepeHusamu (mogenb ADD). PaspaboTaHa meToanka
NomMcka CUrHasioB HOBOM (PU3MKM HEPE3OHAHCHOro TUna B KaHare C napou MIOOHOB B KOHEYHOM
COCTOSIHUW.

6. C y4eTOM BIUAHUS cUCTEMATUYECKUX IPGEKTOB, CBSA3AHHLIX C PErMCTPUpYIOLLEN annapaTypou,
MeTo4OB OTOOpa M PEKOHCTPYKUUM MIOOHOB M TOYHOCTU TEOPEeTUYECKUX BbIYMCIIEHUW BMNepBble
NnokasaHa BO3MOXXHOCTb HabMoaeHUs TSXenoro pe3oHaHCHOro COCTOAHUSA CO CMMHOM 2 Ha npumepe
MOAEeNnM MHoromepHou rpasutaumm RS1, OCHOBaHHOW Ha runotese «CTAHYTbIX» OOMOMHUTESNbHbLIX
NPOCTPAHCTBEHHbLIX U3MEPEHUN C METPUKOM MHOFOMEPHOrO NPOCTpaHcTBa aHTU—aAe Cuttepa AdSS.
Takke BrepBble MoOKasaHa BO3MOXHOCTb HaOMOOEHUS TSXKEeNnoro pPe3oHaHCHOro0 COCTOSHUS CO
cnMHOM 1 Ha npumMmepe npeackasaHun pacluMpeHHbIX KannbpoBOYHLIX Moernen, OCHOBAaHHbIX Ha
rpynnax TBO E6 u SO(10). PaspaboraHa mMeTogMKa MOUCKA CUrHaNoOB HOBbIX PEe30HAHCHbIX
COCTOSAAHUM CO CMWUHOM 2 U CMHOM 1 B KaHane ¢ napo MiOHOB B KOHEYHOM COCTOSAHUN,

lNpeanoxeHHaa nporpamMmma wuccnegoBaHWM Jierfla B OCHOBY COOTBETCTBYHOLWMUX [naB
KOHUeNnTyanbHbIX AOKYMeHTOB Komnnabopauum CMS "CMS Physics Technical Design Report
Vol.l: Detector performance and software"”, "CMS Physics Technical Design Report Vol. Il
Physics Performance", onpepenawwmx cTpaTterMio U MeToAbl Hay4HbIX MUCCreaoBaHUN

KonnaGQPauuu.
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= BbiBoAbI 1 pe3ynkTaTthbi (3)

Peanusaumns u passutue nporpamMmmbl oU3NYECKUX UCCregoBaHUM dKcnepume
CMS no npoBepke cTaHOapTHOM MOAENn U NONCKY HOBOWMMU3NKM B KaHane ¢ napowu
MIOOHHOB B KOHEYHOM COCTOSIHUM Obina pa3BuTa BO BpemMda obpaboTkm U aHanusa
9KCNepUMEHTanNbHbIX [daHHbIX, MNOMy4YeHHbIX Komnnabopaumen CMS Ha nydkax
cTankmBaloLNXCA MPOTOHOB npu 7 n 8 TaB B c.Uu.M BO BpeMsi NepBoOro arana
pabotel LHC (RUN1) B 2011 r. v 2012 r. B pamkax atux paboT nony4eHsbl
criegyrowimne pesynerarhbl:

7. BnepBble unamepeHbl auddepeHumanbHoe cedeHne do/dm npouecca Hpenna—-AHa B obrnactu
3Ha4YeHUNn WHBAPMAHTHOWM Maccbl napbl nentoHoB oT 15 pgo 2000 3B wn gBaxabl
andpepeHuymansHoe cedeHne do/dmdy B obnactn macc ot 20 go 1500 3B v 6eicTpoThl naps! |y| <
2.4. W3mepeHus pOBaxabl AudpdepeHumanbHOro CeYeHMA MOKPbIBAKOT AuanasoH  3HayYeHuin
macliTabHon nepeMeHHon beépkeHa 3 x 1074 < x < 1.0 n nepeaaHHoro Yyetbipexumnyrnbca 6.0 x 102
< Q2 < 7.5 x 10° '3B2. AnddepeHumanbHoe ceveHne namepeHo B bonee LNMPOKOM AnanasoHe 3 X
102 < Q2 < 3 x 106 '3B2. IamepeHa aHepreTnyeckasi 3aBMCUMOCTb CEYEHUNA.

8. C pekopaHOM TOYHOCTbI N3MEPEHbI UHKITI3UBHbLIE ceYeHnst poxaeHna Z0—6o3oHa 0Z = 986.4 + 0.6
(ctat.) £ 5.9 (cuct.) £ 21.7 (Teop.) £ 21.7 (cBeT.) NOH npun 7 TaB n 6Z = 1138 £ 8 (akcn.) £ 25 (Teop.)
+ 30 (cBeT.) N6H npun 8 TaB/c.

9. BnepBble M3MepeHbl 3HaAYEeHUs1 MPOCTPAHCTBEHHOMW acMMMETPMM BbifieTa nentoHoB AFB ans
BENUYMHbBI MHBAPUaHTHOM Macchl fienToHHoM napbl 40 < m < 2000 MaB u 6bicTpoThl Napsbl |y| < 2.4.
BnepBble B kaHane ¢ napon MIOOHOB U3MeEPEHO 3HavyeHne adpdpekTUBHOro yrna BanHbepra sin206eff,
koTopoe coctaBusio 0.2287 £ 0.0020 (ctart.) £ 0.0025 (cuct.).
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CMS

BbiBoAbI u pe3ynbTtaTthbl (4)

10.

11.

12.

13.

14.

YCTaHOBSMEHbI BEPXHUE Mpefernbl Ha CeYeHue POoXAEeHUA HeuTparnbHbIX KannbpoBOYHbIX 6O30HOB
pacLUMpeHHOro kKanmbpoBOYHOro cektopa Z' € pacrnagoMm Ha napy JIenTOHOB W MNOJSTyYeHbl
NPUHUMNWASIbHO HOBbIE 3KCMEepUMEHTalnbHble OrpaHU4YeHna Ha MaccCbl Pe30HaHCHbLIX COCTOSAHWIK CO
CMNMHOM 1 B 3aBMCMMOCTM OT KOHCTaHT CBA3M MOAESien pacluMpeHHON KannbpoBodHoM rpynnbl E6 u
CUMMETPUYHOU «J1eBO—MpaBomN» MOLESN.

YCTaHOBMEHbI BEPXHME Mpedenbl Ha cedYeHne pOoXAOEHUs Kanyua—KneWHOBCKMX BO30YXOEHHbIX
COCTOSIHUM MHoromepHoro rpasutoHa GKK ¢ pacnagom Ha napy nentoHOB W MONnydYeHbl
NPUHUMNNASIbHO HOBbIE 3KCMEPUMEHTanbHble OrpaHUYeHNa Ha MacCbl PE30HAHCHbLIX COCTOSIHUKA CO
CMNHOM 2 B 3aBUCUMOCTU OT KOHCTAHT CBHA3M B MOAENU AOMOSHUTEMbHLIX MPOCTPAHCTBEHHbIX
namepenun Pangann—CaHgpym, tun 1.

YcTaHOBMNEHbI BEPXHUE Mpedesribl Ha CeYyeHne rnpouecca PoXaeHUs nap MHOHOB C BUPTYalbHbIM
obmMeHoM rpaButoHamn GKK ©  nonyyvyeHbl MpUHUUNMaNbHO HOBbIE  3KCMEPUMMEHTarnbHbIE
orpaHuMyeHns Ha oyHaaMeHTanbHbin MaclwuTab MHoromepHown rpasutauum AT n B anstepHaTUBHOM
onucaHum MS B 3aBMCUMOCTM OT YmMCra OOMNOSTHUTESbHbIX n3mepeHu n B mogenu ADD.

BnepBble MogenbHO—He3aBMCMMbIM CNOCOBOM nornyyeHbl BepxHue npeaenbl (95% CL) Ha ceyeHus
NPOLECCOB MHOXECTBEHHOIO POXAEHMA YacTul, B 06nactm 3Ha4eHUn NOSIHOM NonepeyvyHon 3Hepruu
ST ot 1.5-5.0 TaB anga knaccoB cobbITUX ¢ MHOXecTBeHHoCcTbio N > 3, 4, 5, 6, 7, 8, 9, 10.

BnepBble B KonnangepHblX 3KCNepuMeHTax nonyveHbl BepxHue npegensl (95% CL) Ha ceyeHus
npoueccoB 06pa3oBaHUs KBA3MKIIACCUYECKUX U KBAHTOBbLIX MUWKPOCKOMUYECKUX YEPHbIX Ablp, a
Takke CTPYHHbIX WAapoOB B pPasfMyHbIX MOAESbHbIX MpeanonoxeHusx. BnepBble nomnyyeHbl
OrpaHMYeHnst Ha NPOCTPaHCTBO NapamMeTpoB (Maccbl 00bLEKTOB, PyHOaMeHTanbHbIM MacwTad MD un
YMUCNO AOMONHUTENBHLIX M3MepeHun n) ansg MYl B mogenax HU3KOSHEpPreTU4eckow rpasmuTauunm
ADD 1 RS1
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CMS (PhTDR vol.1 u vol.2) — koopaguHaTtop (NUHK-NEPCOH) aHarnmM3onB
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onpegensownn Bknag (responsibility) B naydeHne MC, tpurrep,
Nn3yyeHne npoCcTpaHCTBEHHOW HEBbIPABHEHHOCTU OETEKTOPHbBIX CUCTEM

obpaboTka n aHanus gaHHbIx Npu 7, 8, 13 TaB — onpegensowmn
BKIlad B UccrieqoBaHus ¢ napon MHOHOB, OTBETCTBEHHOCTb
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CpaBHeHMe anropuTMOB PEKOHCTPYKLMN MIO

Tabamoa 2.1, Cpapmcane peamanam Al /pr) s onspousoro MIooHs © pr 1000 T'sB/c? npw mc-
O EI0BAHKN PAIIHYHEX amroprrsos |4].

Meroxn Log Likelihood | RMS, I'sB/c| o, [3B/c
Tracker only —18.37 266 149
OCMR. — 90,94 249 750 Tabauna 2.3, Cpamenne nesraox semnaet B 1/ pp) s paammsEx amropnTvon peroacTpy KIHe 1o
TMR _91.03 D60} 748 pannn CRAFT208 |34,
PMR —21.50 190 80.1 AJTOpHTM o, %o | RMS, %
Tune N —21.62 197 6.7 Tracker only [5.520.1 ] 7.640.2
Tune P —2201 176 4.0 CMR 6.1£02| 95403
TPFMS 5.240.1| 6.9+0.2
PMR 5.540.2| 6.9+0.2
Sigma switch | 53401 | 74402
Tabmauna 2.2, Cpapnenne penmanns AL pr) ans ogueounoro seoona o pr = 10 B/ cn TMR 01201 | 73402
SOBAHIH PEIINTHEX BATOpITMOR |54). Tune P 504011 ReE02
Meron Log Likelihood | RMS, I'sB/c| &, I'sB/c
Tracker only —17.60 0.158 0.183
GMR —17.30 0.251 0.188
TMR —17.40 0.174 0187
PMR —17.14 0.244 0.189
Tune N —17.30 0.199 0187
Tune P —17.34 0.204 0187
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dpa go LHC

okcnepumeHTel Ha LEP, SLC, Tevatron, KEK yctaHoBuMnn, 4TO  Hawe MOHMMaHue
dm3nyecknx npoLeccoB HaxogUTCA B OTMYHOM COrflacuM  C  3KCNepuUMeHTanbHbIMU
OaHHbIMK B obnacTtn aHeprmn Q ~ 100 B
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172 d/ 172 S/ 12 b/ 1 ” ~
J » MexaHnsm HapyLeHNs anekTpocnadou
own strange bottom photon
0.511 MeVic? 105.7 MeVic* 1.777 GeVic® 91.2 GeVic* CM M M eTp M M (M exa H M 3 M XM rrCa) H e ﬂo Ka3a H
@1, ®. @ @ (6030H Xurrca He HanaeH)
diacton uon i 2 boson » CM wumeeT pag HeOOCTaATKOB UM HEpPELUEHHbIX
wn <2.2 eVic? =0.17 MeV/c? <15.5 MeVic? 80.4 GeVic? BOI—IpOCOB, KOTOpre OquMﬂHO He MoryT 6b|Tb
SL e L e W peLleHbl B pamkax camont CM
E ﬁl,‘“{ﬁﬁﬁg neutrino nelﬁ?l}i‘no W boson

[ maBHbIMKM 3agadvamu omnsmdeckon nporpammel CMS aBnstoTcs
» [lonck 6030oHa Xurrca B ananasoHe macc ot ~115 3B go 1000 3B
» [Mounck HoBown (hunaunkun 3a npegenammu CM
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Two-particle Interaction on the 3D-brane

2/d

M, ~10%%% x10™Y" sm

Extra dimensions can be large enougR#+ M ™
~ um for a flat space
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Hierarchy

First formulated by S.Weinberg 76

to
the “naked” higgs mass

v heavy (M)

— Sm? o A2 A2 <
! ) ! very large contributions

T light (m) 102 10-1 1018 i

must be compensated by
a bare mass value mg:

2 2 2 4 ) A2
Fromthe gauge sector m; =m, -I-(ng T+, 8 + )

How large the UV scale A can be? = Two standard UV cut-offs )

T

) ~1072—=1073* Absolutely unclear what can provides fine-tuning at such
a small level |

[ry'
A
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Higgs bosons as a SM particle

Higgs boson was observed in decays OSSNSO o OHS st esnt sesTen o ne!

2 35 - Data 1 =
v'bosons: yy (5.76), ZZ (6.85), WW (4.35) S Iz+3< g 3 Vi
v'fermions: bb (2.6c) and 1t (3.20) § o T2 LR e

==
i i + P 3
Higgs is 0" state (J%) ot E
Higgs width: < 22 MeV gm F
. qu-: model e
(4'15 MeVin SM) gm = 0 T b hdtod AT e
S b | 80 100 120 140 160 180 S o
m,, (GeV) my, (GeV)
VSvli?hnaSLII\itrength 's fully compatible Couplings fits SM predictions
19.7 0" (8 TeV) + 5.11b" (7 TeV) > CMS 19.7 b (8 TeV) + 5.1 b (7 TeV) 197178 TeV)+ 5110 (7 TeV)
Combined CMS m, = 125 GeV | + Observed CMS h A ]
#=100+014 B, = 0.96 v | ¢ SMHiggs )\f ~ hfﬂlf/b’ )
H— vy tagged 15 r WZ E
w=1.12+0.24 i === 58% CL 4
. 2
H > ZZ tagged —95%CL | gy ~ Kv2mj v
pw=1.00+0.29 - ---SM Higgs N
1 ]
H— WW tagged i 3
pn=0.83+0.21 r E
Ho e lagged 0.5 M. e)fit |
w=0.91+0. 3
L =68%CL 3
H — bb tagged - _ —95%CL | |
W =0.84+0.44 0- . : ] . - L C vl ol _
TS S S R T TSR N R S
0 0.5 1 15 2 0 0.5 . 0.1 1 10 100

Best fit o/, Particle mass (GeV)

No significant signal non-SM Higgs: any additional Higgs will indicate new physics
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CMS

Measurements of a; and weak mixing angle

Ratio of 3-jets of 2-jets, 3-jet mass & inclusive jets x-sections
constrain as (NLO only) up to so-far unprobed scales Q ~ 1.4 TeV

YN 05—
i:‘ 9, + CMS Fl’32 ratio —>— HERA
0 = —i— CMS tt prod. —{1+— LEP
L-'r.“’m‘ S 0.20 —A— CMSincl. jet —— PETRA |
=y [ —— CMS3-jetmass —Y— SPS _
i —O— Tevatron |
0.15L EPJC 75, 186, 2015
dosy /dpT T} EPJC 75, 288, 2015
Ry = ooy Jdpr as(Q) CMS-PAS-SMP-14-001
pT1 + P - e
Q=(pria) = —F5— 0.10 | : :
I as(Mz) = 0.1171+£3-3975 (3-jet mass
(Mz) 0.0050 (3] )
The effective weak mixing angle 0.05L B os(Mz) = 0.1185 4+ 0.0006 (World average) i
is measured with ' —— S

_ ET, 100 1000
Drell-Yan processes PRD 84. 112002 2011 Q [GeV]

sin? B¢ = 0.2287 + 0.0020 (stat.) = 0.0025 (syst.)
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PDF-related Studies

A lot of PDF constraints with DY, jets, top etc sl
F x,, = (M/13 TeV) exp(+y)

. . . 10°F Q=M M =10 TeV _+
Inclusive W and charged Inclusive jets i *
asymmetry o CUS_5010 '(7Tev) MC method bl ]

. CMS NNLO HERAPDF metheod NO 80 o ) E :Egm g:gwms Jels 10 —
(& - 1 HERA I+l DIS Q= mj, X Py T 10°F
> | BN HERA 141 DIS + CMS W 8 TeV ;6{]—— : 8 100 L
0.4 |- - "0 | | N :
T4l arXivi1603.01803 xg|  EPJC 75,288, 2015 © ol
0.2 20t 10 ?M=10Gev
10} - w0 b
0 % !
£ 04 e
e 12} ] B U
8 1.1 5 00—
5 | g-02f
s 097 \ 10- 109 05 T
m0-8 . _3 L . IIHI\|_2| : “HH‘_A‘ L — % ¥ FTDY
10 10 10 10 100y o =t
o _ _ *  the uncertainty in the gluon _ _F I &3
asignificantimprovement in the distribution is significantly % £| > &
valence quark distributions in reduced for x > 0.01 ZaotLl o o
the range 103 <x < 10! gmé o oo
R
PDF4LHC15 recommendation: MMHT, CT and NNPD "’E ?
improve significantly agreement "OE £ i’
due to new data T gt et R
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CMS

QCD: jet physics

Compared to Powheg + Pythia8, NLOJet++

and LO MC

Agreement with NLO is in general better

than LO

CMS | g eomomsniie. com

72 pb" (13 TeV)

< 2.57

= L CMS —e— Data

4(;; - Preliminary o QEESEEF S
2 “lanti-k,R=07 — MMHT2014
b - T Exp. uncert.
o rly| < 0.5 ---- Theory uncert.

&)

—
T T T

©
\\m\\

MR |
1000 2000
Jet P, (GeV)

200 300

Ratio to CT14

= 4
=
%

CMS-PAS-SM P-15-067’9«; ©

2

72 pb' (13 TeV)

=10
B CMS - ly|<0.5 (x10%)
O 108 Preliminary -m- 0.5<|y|<1.0 (x10°)
2 ESfHa
g 11 PH+P8 CUETM1 —¥- lo<lyl<2.0(x19,
& 10 Rty ey
S 1 09 = — 3.2<|y|<4.7 (x10°%)
©
“° 107
_:_ie e,
3 ~Fhg, Oy
107 E. . -=='_!-
10 T -
10
10° | |
72 pb" (13 TeV) 200 300 1000 2000
2.5_C s bt Jet P, (GeV)
tCM —e— Uala
- — HERAPDF1.5
- Preliminar - -
antik, R204  — UMATOTs Different behaviour observed
i Xp. uncert. . ..
V<03 +oo- Theory uncert between the two jet radii,

—
[3))

—
:

h

i

u

]

]

!

1}

;

:

.

i

:

:

'
.
-—
siee:
.

0.5/

e

200 300

1 1 1 |
1000

2000
Jet P, (GeV)

Indication of soft (out of
cone) effects, it confirms
earlier studies at 7 TeV

PRD 90, 072006, 2014
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CMS

Rare decays: B</B? —»up (Run 1)

Iln the SM: PRL 111 (2013) 101804
Br(Bs —up ): (3.57+0.30)x10°
Br(B® -»up ): (1.07+0.10)x10-10

F
FH+ f.!f Lot B{B }
Jhi' . st ELP.-L 10° grre

CMS-L=51b"{s=7TeV,L=201" {S=8 TeV 10°

BB — p p)=

-h
H

4.30 (4.80 exp.) : ,‘f:‘":,DF Tc".é.t.f.o." LHC

-h
)

e oo bkg
----- semileptonic bkg
--=+= peaking bkg

Y
(=)

BR = 3x1o’9 o

10%® cm?s

—
-----
- —————— ——————— " —

S/(S+B) Weighted Events /( 0.04 GeV)

events / sec for L

jllAl LllLllJ

0 ' :
99 5 51 52 53 54 55 56 57 58 59

m,, (GeV)
BB — ') = (3.0550) X107 LHCb: (5~5%)
BB — utpu )< 1.1 X 1079 £/ f. = 0.256 = 0.020
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30 years history

Bs/B%—pup (Run 1)

= F -
- £ m‘g X e .: e
CMS and LHC-B combined EF Trx, va Y,
w E
+07 C & T TR
_ -3 - & 13
B(B, = pu)=28_55 x 102 (6.20) | SM:37 £02x 10° L 1o Tk e
+16 10 o 0 E o Mt e
B(B—:- uu) :3_9_1.4 X 10-9 (3.2¢0) | SM:1.1 £0.1 x 10- ) U3 =
Eé 10 ® CLEO £y Belle ot #“"'
=L * ARGUS O BaBar .
CMS and LHCb (LHC run ) = _F|vvlas . Lrich SM: B > - .
(:C : T T T [ T T T T L ——— . E 1o “*ir CDF % cus -ﬁ_
%60-_ B.: 6.20 - Daa E EE IE:-?& l':}l ELL;?:_HCb SM: B® — utu- ¢
s L 8 = Signal and background ] o v v v v T v v v Ty e o o ey e Ty oy oy ]
050' B . 320 l:lgs]"WH_ ] 1885 1820 1885 2000 2005 2010 2015
: B8 ] CMS and LHCb (LHC run ) vear
o L = += Combinatorial bkg i & 0.9 CT T T [T T T [T T T T[T 111 T T T 1 T T T T T T T T T 1 T 113 40 T
c 40 . . — | = 1 =
sy (m Semileptonic bkg. . e - - g
3 r = = Peaking bkg. . ; 0-8:_ = ¥ 30
- — = - 1
5" 1 L 07F =
s F ] E .
3l - %Z 0.6 , 5 1%
Tor N @ _F A 1
0 i 055 3 % 4 0o 2
B : ;s w©, = B(B; — u* ) [107]
] “E B 3 410 . . . .
5000 5200 5400 5600 5600 03F = g sh\ [ sm
JHW[MEWLZ] C q
' 0.2 o 4 8 20
The measured ranching 01f- 2 )] c
frac“onsofbgthdecays 0B N N N PP S B R :
0 1 2 3 4 5 6 7 8 9 0 0.2 0.4 0.6 0.8

are compatible with SM
predictions.

B(BY — ur ) [107°]

BOis significant for 3000 fb-!

B(B® — u*p) [107]
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CMS

EWK Processes: Z + jets and dibosons

CMS-PAS-SMP-15-010 =

CMS Preliminary §§f§§ Data (25ns) CMS Preliminary %’ Dala (25ns)
—_ 251" (13 TeV) S —_ 2.5 (13 TeV) : '
8 —4— aMC@NLO + PY8 (£ 2/ NLO + PS) - —4— aMC@NLO + PY8 (=2 NLO + PS)
= 0]

g ] .

Z | e =
k=] . sl
5 10°F 2 ®
© 2 e jet

N -3 = . _

B I [ - Hr = 2 I, Pr

- A 8 i

- 107 ==

- -
10 = ol ——
- s, 1077 =
C c ———
C I
1073 = (DI
anti-k. (R =0.4) Jets = anti-k; (R =0.4) Jets
1l P >30 Gev. |y"| <24 P =30 GeV, |y | <24 3
- Z/v*— pu channel 1 0—4 = Ziy*— up channel
| { :l L 1 | L 1 I L 1 1 L 1 1 1 1 | 1
o C o C
s 1.5 © 1.5
2 L g
O C _ O
= 102222 VTSI I T TN T TS FITTD v v s i i S PII IS =
= A T TI oy yey P77 AL A Err ] =
® - ®
O C &) C
= 0-5__ []Stat. unc. (gen) = 0'5:_ []Stat. unc. (gen)
> 1 22 23 24 200 400 600 800 1000
N. H, N >1[GeV]
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CMS

2.3fb! (13 TeV)
T T T T ‘ T T T

300

= A T ]
2 - ~=— Data
_ ‘ r  CMS rreiiminary e ]
23fb" (13 TeV) £ so0L —= aMC@NLO -
- T T ||||||| T | ||||||L T I T T T ]TH Z r —~ POWHEG -
L n|<2.4, P, 25 GeV | B L
12 CMS Preliminary PDF set: NNPDF3.0 ._+__ — T A0 = FEWZ

A
(14
()]
—_—
@)
— ]
=
® -
QO 200 —
= & o
= CMS-PAS-SMP-15-011 -
© 100 - =
-.(_U' [ Ii<2.4,p 25 GeV =
Q_._ C \PD\F S\et: |NNIPD|FS|O 1 1 | 1 1 1 1 ‘ Il Il Il 1 ‘ Il Il #
(O] 0.0 0.5 1.0 1.5 2.0
LLI W
% ly™ " |
O 231" (13 TeV)
0_ E : 1T 17T ‘ 1T 17T ‘ T T T T | T r|!|\<2|4,lp o5 ‘Ge\‘:‘ T :
S 1z~ CMS Preliminary PDF set: NNPDF3.0 —|
© 3 I —
© s _ et
A T
= g I —
A © | | | |
; © C T T — T a
E S T [ e S|
3 o » .
Ll L] ug 1oF SIS TISS IS IHLINT,
09 ............ PR |
1 O 102 g_) L —t— i —t— i —t— i —t— i —t— -
% 1 1 ............ ) P
Q10 e e e 0 4}4.404‘6/79*/‘@‘ 4
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AcnmmeTtpua “Bnepepn-Hasan’ (7 TeV)

05 ' - 05 T -

[ Bom Level ] - ]

0D4F POWHEG (CT10) + PYTHIA [22) with PDF uncartainties —] 04F —

o | Diata with statistical & systematic emor bars 7 o m

0.3 b Dista with statistical error bars = 03F -
w02 = w 02f s =
L = '—i_’—: L - ]
bz . | T CMS E oF = CMS E

: Sfb'atys=7TeV RS B} Sf'atis=7TeV

01 ly| < 1.00 E -0.1F o 100<y|<125
N, )] S —— : - 02k ' :

(data - MCg,
R O PR3
{dma-MC}fUm
=T

50 60 7D 115![] 200 200 400 50 60 70D 1IEJD 200 300 400
M{IT) [GeV] M{I'T) [GeV]
0.5p . - 05p . -
04f I ] 04f =
0.3f _Eli = 0.3f —li
e ook Hex ] zod AT
< of L 1 <of L
e i -~ CMS E o r CMS =
: i 3 5fb’atVs=7TeV ++ 5fblatys=7TeV
01 : 125<|yl<1.50 a5 i _? 150 <yl =240
0.2k ' - -0 2 il : ——
E 2 | E—Z |
N 50 &0 70 100 200 300 400 - 50 &0 70 100 200 300 400
M(IT) [GeV] M{I'T) [GeV]

arXiv:1207.3973 ; Phys. Lett. B 718 (2013) 752
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CMS

Kinematics:

@ Oppositely charged electrons
@ |n| < 1.444 or 1.566 < |n| < 2.5

e HLT ECAL L1-trigger requiring an ECAL cluster with
minimum E7 between 10 to 17 GeV

Quality requirements:

@ Minimum supercluster E5 of 20 GeV

@ No missing Tracker hits before the first one

@ Reject when a conversion partner track close to the electron
°

Using shower shape variables

Isolation using the Tracker and calorimeters
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= Drell-Yan Angular Distributions

do

— A(1+4cos”8) + Bcos@

d cost

0 - angle between the lepton momenta and a z axis that bisects the angle
between the quark momentum and the anti-quark momentum in the Collins-Soper
frame Y) 4

// i 1, (I) /
B
' s < B %! FZ +I'+*+++ 4 ¢
\ s /// (5/ D‘G_ ‘ + ' + 4 + 4 ; —
+
P, 5 ¢
04 —

L]
CMS-PAS-EWK-10-011 |

1 21 0° | | CMS preliminary

1
a) 36 pb” at \Ws=T7TeV

] — —]
e data (uncorrected)

08 Ziy* = u'u

events / 0.08

02,

for pp collider the quark direction is unknown

o T

o . . = -
boost dI.I‘eC'[I.On of dimuon approximates C i Freroamotatoeyeyen e, }
guark direction -

© 05 | | . —
ugs -1 05 0 0.5 1
mistag probability (fraction of events with wrong quark cos 07cs

direction) — dilution effect is more significant for small values of dileption rapidity
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CMS

AcnmmeTpusa “Bnepepn-Hasan”’ (1)

arXiv:1601.04768 , Submitted to Eur. Phys. J. C

q £
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YHZ t 5 Z o 500DCMS Preliminary L=19.7fb at ys =8 TeV
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E :_ [l Eackground
? d ”3100003—
do 4ma’ 3 =
A(1 + cos® ) + B cos 6 -
dcosf  3s [ ( ) ] —
5000
V-A CTpyKTypa cnabblx TOKOB MPUBOANUT K HApyLUEHUNIO -
P-4eTHOCTM 1 acCMMMETPUN NO yrny BbiyieTta fernToHa e e b= =
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A 5 (s —my) 3ma(s) _ ry 5281
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l . 1000
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From Matrix Element to Likelihood

Theory N Model N Parton-level N Event N Detector N Data
Model Interpreter Calculator Generator Simulator Analysis
event theory measured true
data model visible visible
/ / momenta momenta
¢ l 1 Nt-‘ia d‘g *
Pj
EilHa) =
PEIH) = s X [H / (%)SZEJ] T({ps} {p;})
=1
e (21 fo(22)
T d” gy, fa(x1) (22
X [1:[1 / (2?1-)32Ek] ; 2ST129 (M, .a({pj} {Q£})|
. T
total invisible
cross-section parton momenta
distribution
functions 8
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CMS

: *5\ Cpengraue noTepu 3HEpPrud MIOOHA B BOJOPOIE, JKele3e H ypaHe

%ﬁf kakK yuxknusa sneprun Mioona (PDG)
[

1[}0{} T T Trrrm LI | T T TTTTTg T T T TTTTT T ':.;""'L

—
o=
=

1 I""IIIIII

[
=
1

L

dE/dx (MeV g~1cm?2)

e E
[}-1 1 1 1 IIIII| 1 1 IJIIAI-:III 1 |1I-II IIIIII 1 1 1 |||||| 1 1 L 11111
1 10 102 10 10* 10°
Muon energy (GeV)
A, JlanEn 20,08, 2003 25
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* MHOro-yposHeBbIU TpUrrep - 3anNyCK YCTAHOBKU 27
* BunbTpaums poHa /
* YmeHblweHne obbema AAHHBLIX Wity (G ‘.
* @aktop Online nonasneHus - 107 — N -

* MeHto Tpurrepa
- Buz6bop uHTepecyrowmx cobertum
* @unbTpauua HemHTepecHbIX cobbITUIA

B akcnepumeHTe CMS noTok
AaHHbIX C AeTeKTopa
ymeHbluaetca ¢ 1000 TB/sec
(1TB=10'?Bytes) Ha BxoAae
Tpurrepa nepBOro ypoBHs A0
100 MB/sec Ha BbIxoge Tpurrepa
TpeTbero ypoBHS.

CMS coObiTHe - 1MB

C Takon CKOpPOCTbLIO AaHHbIe
Tpurrep L1 - 75Tb/c

OyayT 3anucbiBaTbCA Ha
MarHUTHYIO FIEHTY UNHN, Tpurrep HTL - 0.1 T'b/c
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