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d KomnaKkTHbI MIOOHHbIN corneHoua
v/ BO3MOXHOCTM MO namepeHuto Yactuy, (detector performance)

O Kak ocyuwiectBnsietca obpaboTka n aHann3 gaHHbIX

Habop AaHHbIX

obpaboTka n oTbop AaHHbIX

CpaBHeHWE C Teopunen (MoaenmpoBaHme) = reHepaTopbl COObITUN
aHanu3 AaHHbIX

ANANE NI

puMepsbl pe3ynstaTtoB akcnepumeHTa CMS
cTaHOapTHada Mmogernb
nouck 6030Ha Xurrca
cynepcuMmmeTpus
domnsunka 3a npegenamm CM = OONONHUTENbHLIE U3MEPEHMUS,
pacCLUMPEHHbIN KarnmMbpoBOYHbIN CEKTOP,

D N NI NI N

d  OxungaHus 1 nnaHbl
v' Habop OaHHbIX
v usmka



JKCNEepUMeHT
"KoMnakTbIV MHOOHHBIU coneHoua"
Compact Muon Solenoid
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Ixcnepumenm CMS

CMS
A Compact Solenoidal Detector for LHC

FORWARD
CALORIMETER

[crysTaL ecar | [rcac |

Bec

HAuamemp

AnuHa
MazHumHoe rnone

Total weight 1 12,500t.
Overall diameter: 15.00m
Overall length : 21.60m
Magnetic field : 4 Tesla

SUPERCONDUCTING
COIL

CMS-PARA-001-11/07/97 Jie.pp

.ueTeKTOprle CUCTEeMbI CINMPOEeKTUpoBaHbI ANA USMEepPEeHUA.

12500t
15.00 m
21.6m
3.9 Tesla

dHEeprmm n UMnynbcCca d)OTOHOB, AJIEKTPOHOB, MIOOHOB, Cprﬁ, a TaKXXe 3Ha4YeHUM

HepgocTawLwen (NoTepsAHHON) 3Heprun A0 3Ha4YeHUM HecKonbKux TaB



KomnakmHbiti MrooHHbIU ConeHouod - CMS

CBEPXNPOBOAALLUA CONEHOUA ANEKTPOMAIHUTHbLIN KAITOPUMETP
anametp 15 m CUNHTUNNUpYoLwme kpuctannsl Powo,
AnvHa 21.6 m . 76 TbiC.KaHaNoB

none 4 Tecna KpeMHWEBLIWN CTPUMOBBLIN NPeafMBHEBLIN AEeTEKTOP

18 kB.mMeTpoB, 144 TbiC. KaHaroB

AOPOHHbIN KANOPUMETP

1 NNacTUYECKUN CUMHTUNNATOP/NaTyHb
’\‘ 8 TbIC. KaHanoB

I —

3BPATHOE APMO
TPEKEP

KpeMHUeBble MUKPOCTPUNOBbLIE "+,
N MUKCErbHble AEeTEKTOpPbI

223 KB. METPOB

10 MNH. KaHarnoB

MIOOHHAA CUCTEMA:

LMNTMHOPUNYECKAA TOPLEBAA W YA o 5
kamepbl U3 ApeiichoBbIX TPY6 KaTOOHO-CTPUMOBLIE Kamepbl NEPEOHUN AOPOHHbLIN
250 kamep 540 kamep KAITOPUMETP

192 TbIC. KaHanoBs 310 TbIC. KaHanos KBapLeBOe BONOKHO/>Keneso
PesncTtuBHble nnaHapHble kamepbl ongd tpurrepa - RPC - 760 kamep 2 TbIC. KAHANOB



A PheKTUBHOCTb padboTbl AETEKTOPHbLIX CUCTEM
B2011r.

PIXEL TRACKER
STRIP TRACKER |
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dusnvyecKkme oobLEKTbI

MtOOHbI (MonepeyHbIn MMMYbC) Jet
ONEKTPOHbI (3Heprnsa n nonepeYHbIi UMNysibe)
POTOHbI (3HEpPrus)

CTpyu (3Heprus)

[ToTepsiHHaa aHeprus (aHeprus)

Hadrons are
clustered
together to

CO000

make jets

+ as3uMyTarbHbIA Yron 1 NONsdpHbIA yron 7= -k [t-an (5)]
(nnn nceBOoOLICTPOTA)

CMS — ycTaHoBKa C 4n-reoMeTpuen,
nokpbiBatowas 360° no ¢ n |n| < 5.0 (0.89)




HekoTopblie undpbl U onpeaeneHus

JdunddepeHumnanbHoe ceveHmne

- N(8)dQ
o scattered
P ) do(0)=
A particles N
beam - ____:___::;/,‘.’..,«/ - 0
S ———————— —'.-'/—\:\ 8 ‘rI' !:E
“:\‘\ EanHuua name peHn N cedyeHunsa: 1 ba PH = 1028 2
0 is the scattering angle \S::\\

XapakTepucTuka ny4ykoB Konnaigepa — CBETUMOCTb (NKoBas):
L=fn n,/4noc.0

f — yacToTa CTONKHOBEHMIN CTYCTKOB MY4KOB, N1 U N2 — YACNO YacTuL, B CrycTKax,
Oy M 6, — MoNepeyHbIN pa3mep nyyka (LunpuHa p-Hus [aycca)

EaonHnua namepenunii nMKoBon cBeTUMocTu: cMm2ct (ceetumocTb LHC = 10-33cm2c?
(npoekTHas - 1034cm?ct)

CBeTMMOCTb 33 onpeueneHHon BPEMEHHOW NMPOMEXKYTOK — UHTerpanbHas
CBETUMOCTb: Ly, = Lpeai *T (6apH)

Yucno B3aMmodencTemMn Npu AaHHOW CBETUMOCTU: R = ¢ * L



O6paboTka U aHanU3 AAHHLIX



CeyeHusna npoueccoB npu aHeprum LHC

a LHC Js= rate 'E'Uf“fﬂ'ﬂr
barn g1 10 V7

E GHz <10 '®
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Cucrtema Tpurrepa (OH-navH otoopa coobiTnn) CMS

Detectors

@ Front end pipelines|

Readout buffers

Switching network

Processor farms

G |

CMS: 2 physical levels

YpoBeHb-1 (Level-1): /
YPOBEHb AEeTeKTOpPOB, OTOOP . =
Nno oAHOBPEMEHHOMY HaJfIn4unio &
CUrHaroB B TeX UJIIN UHbIX

CHYNTbIBAOLWUMNX KaHanax,

naeHTUMKauma yactTuy u otoéop no
rpyobiM oLeHKaM KoOopAuHaT U 3Hepernu

Tpurrep BbLICOKOro YpoBHSA

(High Level Trigger): f?/
BblYUcnuTenbHble hepmbl Ans Lk?
ObLICTPOU PEKOHCTPYKLUUN U

aHanusa coObITUn, OTOOpP NO

3afaHHbIM NOpPoramMm Ha KUHeMaTU4yecKue
XapaKTepucTUKM YacTul (aHeprus,
UMMNYNbC, Yros, U30JIMPOBaHHOCTb U
T.4.), TONONOrMmn coobLITUN },,

=
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Online: Cucrtema Habopa AaHHBLIX Ha NUHUKU ¢ IBM

* MHOro-ypoBHeBbIV TpUrrep - 3aNyCK YCTAHOBKU
* dunbTpaumsa poHa
* YmeHblueHue obbema AaHHbIX
* ®aktop Online nopasneHusa - 107

* MeHro Tpurrepa
» Bbrbop uHTepecyrowmx cobbitum
* unbTpaUUa HeuHTepeCHbIX CObLITUM

B akcnepumeHte CMS noTtok
OaHHbIX C ETEKTOPA YMEHbLUAETCS
c 1000 TB/sec (1TB=1012 Bytes) Ha
BXO4e Tpurrepa nepsoro ypoBHA A0
100 MB/sec Ha BbIxoge Tpurrepa
TPETLEIO YPOBHA.

C Takown CKOpPOCTLIO JaHHble DyayT
3anncbiBaTbCs HA MarHUTHYHO

NIEHTY VNN, BO3MOXKHO, Ha AUCKM B Tpurrep L1 - — 75TB/c
TEYEHUN HECKOMbKUX NEeT S Tpurrep HTL — 0.1 T'b/c

nocreayioLWero aHanmes, O MOTOK ~ 3lleTtab/ron
C.B. lUmaToB “Pe%/anaTbl akcnepumeHta CMS Ha LHC B UEPH”, X Winter DIAS-TH
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CxemMa NnoToKOB COObLITUN
~ Pbyte/sec

E‘( Online System

Tier 0 +1

~ 100-1500 MBytes/sec

France Center - "

2-10 Gbps
Tier 2 ﬂ _ _

Physics

data cache 0.1-10Gbps |

B
i

_.h:?-. Fup Pl
Workstations = Tier 4

CERNOQutside Resource Ratio ~1:2
TietO(Z Tier1(Z Tier2) ~1:1:1
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Cxema o6paboTKn U aHanu3a gaHHbIX
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Mo3auka B3anmoaencrTsBus

o “Hard) Scatterfnig =

2__S outgoing pa

ton Z__5

.,~

initial-statce

radiation

LS
-~

C.B. lUmaToB “Pe3ynbrartbl akcnepmumeHta CMS Ha LHC B LEPH”, X Winter DIAS-TH School, Qy6Ha, 5 ¢eBpansa, 2012
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[Mpouecchbl B aapOHHbIX B3aMMoaeuCcTBMX

KECTKOC paCCCAHUC

A
s S ——
s pacnajabl NAapTOHOB, THIA
S B t—> Wb
E o NapTOHHbIE JTUBHH
/
Qo b ye
e
N X Sy
\\\-\ \
N
[MnoTte3a pakTopmnsauunm PYHKUMS bparmeHTaumm
d&ab—md / -
2
E_dp < fa/A(a,Q E@fb/stb,q $———®D,.€.Q"
”apTOHHb'e beHK'—'-V'V' CEYEHME XKECTKOrO

hacnpegeneHna (PDFs) paccesHus
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YTO Mbl HE MOXEM TOYHO NocYUTaTb?

O CeuyeHune xecTKoro npouecca B Bbiclwimnx nopsagkax KX (K-factor + nsnyvenve B
Ha4YanbHOM/KOHEYHOM COCTOSIHUN)

0 PDF — ¢ouT akcnepmMeHTanbHbIX JaHHbIX + YpaBHEHUA 3BOSTOLNN

L KoHcTaHTa B3aumMogencTBuma - UT aKCNnepuMeHTarnbHbIX JaHHbIX + YpaBHEHUSA
aBonLMn

0 OyHKUMA pparmeHTauum - PUT aKCNepuMeHTanbHbIX JaHHbIX

0.5 . In Q2
1 S » \ ¥ ’
i Theory | o =] | - . e
o (Q) RE Data = = 4 ! |mpI|C|tIy L’
YS | 1h = - - ‘l
i ]Z}.cl.j|11[nl_=_llnf;|1|l:.hcnt[crlng F DGLAPE DGLAP o transition
e ¢ Annihilation fo T , L’ .
0.4 1 Hadron Collisions e 7 ! CCFM region
o Heavy Quarkonia | IEIJ ! ,,‘ PP
L M Ad --_.—’
: ’ﬁ"%]?; [:-'_3“'-.-12? E 7 _-__—" G.LR
0.3 gcp [3#5Mev-———oia20p 1 L2 e BEKE . saturation
=1 4,7 211 MeV 0.11831 7] non-perturbative (confinement)
O . ) ] . | (1 )
181 MeV — — 0.1156 n(l/x

DGLAP: Dokshitzer—Gribov-Lipatov—Altarelli-Parisi
0.2 i ] evolution towards larger Q2 and (implicitly) towards smaller =

BFKL: Balitsky—Fadin—Kuraev—Lipatov
evolution towards smaller = (with small, unordered 2)

I " . ] CCFM: Ciafaloni—Catani—Fiorani—Marchesini
01 L s interpolation of DGLAP and BFKL

| | GLR: Gribov-Levin—Ryskin
l- 0.2 fm 0.02 fm Ol"'}%oz fm nonlinear equation in dense-packing (saturation) region,

10 :
Q |GeV] where partons recombine, not only branch



Yto ewe?

d MHoXecTBeHHble B3auMoaencTBus oc=0,+ 2 o
7

d “Msarkne” B3anmoaencteua (Q? < 1 aB?)

Hadronization,
hadron decay

Hard interaction

Parton
showers

Underlying
event / multiple
interactions

C.B. lUmaToB “Pe3ynbrartbl akcnepmumeHta CMS Ha LHC B LEPH”, X Winter DIAS-TH School, Qy6Ha, 5 ¢eBpansa, 2012
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[[eHepaTOopHaa mMo3auka

Hard Processes

Resonance Decays

Parton Showers

Underlying Event

Hadronization

Ordinary Decays

General-Purpose

HERWIG

PYTHIA

ISAJET

SHERPA

Specialized

a lot

HDECAY, ...

Ariadne/LDC, NLLjet

DPMJET

none (?)

TAUOLA, EvtGen
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To4yHaAa HaCTPOUKa reHepaTopoB (npumep)

x 5

4.5
4
3.5
3
2.5
2
1.5

CMS, ppNs=7 TeV
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Events / 5 GeV

U3BneuyeHne poHa U3 gaHHbIX (data-driven method)

HLE L e e > rrryrrrryrrrryrrrrprrrrprrr T rrrrprrr 7]

oL — [ - — -
10 =" CMS preliminary \s =7 TeV JLdt=1.1 fo! 3 0] CMS preliminary \s=7TeV |Ldt=11fb"
1 04 _E-'r * DATA ?_ 8 1 02 + DATA _E
, i ',. Ziy W ] .g - tt + other prompt leptons -
1078 s = o jets ]
) \‘ - tt + other prompt leptons ; |_|>J 10 : E
10 jets _§ E .
10 E B 7]
E 1 E_ [ [ _E
1 _ | |
10 (= E
10?2 “ \ = - -

1']-3 I |I I | § 1']_2

200 400 600 800 1000 1200 200 300 400 500 600 700 800 900
m(u’i’) [GeV] m(ue/e’w’) [GeV]
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HeonpepeneHHOCTU B aHanuse

Teopus

Qg

QCD and EW high-order corrections (K factors)

O  Parton Distribution Functions (PDF)

O Hard process scale (Q2)

O Cut efficiency, significance estimators..

OKCMNEePUMEHT

O Energy MisCalibration = performance of e/y/hadron energy reconstruction.

O Misalignment effect = increase of the mass residuals by around 30%

O Drift time and drift velocities

O Magnetic and gravitational field effects = can cause a scale shift in a mass
resolution by 5-10%

O Pile-up = mass residuals increase by around 0.1-0.2 %

O Background uncertainties (variations of the bg. shape) = a drop of about 10-15% in
the significance values

L Trigger and reconstruction acceptance uncertainties

23



Pesynbtarter 2010-2011 r.r.

CM. Aetajium B

CMS News Archive



http://cms.web.cern.ch/news/category/382
http://cms.web.cern.ch/content/cms-physics
http://cms.web.cern.ch/content/cms-physics
http://cms.web.cern.ch/content/cms-physics
https://twiki.cern.ch/twiki/bin/view/CMSPublic/PhysicsResults
http://cmsinfo.jinr.ru/

Habop AaHHbIX

B 2010 r. Habop AaHHbIX npoxoaun ¢ 30 mapTa No 3 HOAOPSA ANA PP-CTONKHOBEHUM
(~40 n6H 1) n ¢ 8 HOAOPA No 6 pekadbpsa ana PbPb-conkHoBeHUn (~7.8 MKOH™).

B 2011 Habop paHHbIX npoxoauso ¢ 14 mapTta no 30 oKTAGPA ANA ppP-CTONKHOBEHUN

(~5.22 p6H ) n ¢ 12 HOAGPA no 07 gekabpa ana PbPb-ctonkHoBeHun (~ 158 MKOH™).

CMS Total Integrated Luminosity 2011 (Mar 14 09:00 - Oct 30 16:10 UTC) 186“5 Total Integrated Luminosity 2011 (Nov 12 06:59 - Dec 07 09:22 UTC)
L ! ! ! T T T T
P — Delivered 5.72 fb™" | : : : T — Delivered 167.001 ;b~
< : : : 2 160
- gl 2 — Recorded 157.879 ;b™
140 -
4 120 |- ~ 26 -2¢-1 |
L, .. = 4.5x10% cm2s
3 100 - B
80 - d
21 60 1
1 aor |
20+ B
0 . i 1 1 Il 1
3 a © U 9 1}
o L 200 3010 i o s unt 221} 213 0212 01112
Date Date

AddekTMBHOCTL Habopa AaHHbIX ~91% Ana pp-cTonkHoBeHMn n ~94% ana PbPb-
CTONKHOBEHUM
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dusmka Ha CMS

dunsnyeckmne uccnegoBaHusa konnadopaumm CMS oxBaTbiBalOT BCe BO3MOXHbIE

HanpaBrieHns PU3NKN BbICOKUX IHEPrumn U OCYLLECTBIIAIOTCA B paMKax
COOTBETCTBYHOLUX rpynn oopadoTkn U aHann3a AaHHbIX

KBaHTOoBasa xpomoauHamuka (QCD Physics)

dPusuka manbix yrnoB (Forward Physics)

Punsunka B-agpoHoB n kBapkoHueB (B-Physics and Quarkonia)
AnekTpocnabble B3anmoaencteua (Electroweak Physics)
Pu3suka t-kBapka (Top Physics)

Bbo3oH Xurrca (Higgs Physics)

CynepcummeTtpusa (Supersymmetry)

Jk3oTuKa (Exotics)

Pusunka Taxenbix NoHoB (Heavy lon Physics)

N3y4yeHne TouHOoCTU U 3hpheKTUBHOCTU peructpaumm hnsmyeckmx o6 bLEeKToB
(nenToHOB, POTOHOB, CTPYN, NOTOKOB 3HEpPruu u T1.4.) n cospgaHue MO Ha
OCHOBaHMN HOBbLIX aNrOPUTMOB AJIA PEKOHCTPYKLUMUMN COObLITU NPOCUXOAUT B
pamMkax cneuyuanbHbIX rpynn (Physics Object Groups) — Tracking, Electron and
Photons, Jet and Missing Energy, Muons, Particle Flow, B-tagging and Vertexing

26
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Nyonukaumm CMS

¥ Published @ CWR Pipeline (PAS) _ Pipeline PAS |
- = 20 30— “OTKpbITME” CTaHAAPTHOM MOAEnu B ee
i — 2010 MCccriefioBaHne Ha HOBOM MacluTabe
QD —_— aHepernu
EWK
o8 — — MNOWUCK “HOBOW” (pU3UNKKN
HIG
e 1 - * 06030H Xurrca, SUSY, Ok30Tuka
BTV "7 76+4 analyses published/sub
EGH m— 5 CWR ]
e — — + 18 Pipeline
oET p o + 59 Public PAS | I Published [ CWR Pipeline (PAS) Pipeline PAS |
TRK S
0 10 20 30 40
BPH ‘ ‘
HIN s D
2011 5 analyses published/sub
QCD 2 CWR
~ 120 paboT ObI MPUHATLI UNK + 101 in the pipeline
: BK + 15 Public PAS
HanpasneHbl B J. High Energy Phys,
Phys. Rev. Lett., Phys. Lett. B,
Eur. Phys. J.

C.B. lUmaToB “Pe3ynbrartbl akcnepmumenta CMS Ha LHC B LEPH”, X Winter DIAS-TH School, Qy6Ha, 5 ¢eBpansa, 2012 27


http://cdsweb.cern.ch/collection/CMS Papers?ln=en

Standard Model of

TTposepka CTaHAAPTHOU Moaenu

FUNDAMENTAL PARTICLES AND INTERACTIONS

The Standard Model is a quantum theory that summarizes our current knowledge of the physics of fundamental particies and fundamental interactions (interactions are manifested by forces and by decay rates of unstable particles)

matter constituents
spin = 1/2, 3/2, 5/2,

Quarks  spin =1/2
Approx.
Mass
GeV/c?

FERMIONS

Leptons spin

Mass
GeV/c?

Electric

Flavor
charge

Flavor
charge

Vet (0-0.43)x10-0
€ dlecton 0.000511

¥ fhier a8 (0A009-0.13)x1079'
E) muon

y, hoaviest, |
<H' neutrino*

0.106
(0.04-0.14)x10-¢

i 1777

See the neutrino paragraph below.
Spin is the intrinsic angular momentum of partices. Spin is given in units of h, which is the quantum
unit of angular momentum where h = hv2x = 6.58x10725 GeV s =1.05x10"% J

Electric charges o given n units ofthe proton's charge. In S unis the o
is 1.60x10°1¢

ric charge of the proton
 coulomb

The energy unit of particle physics is the electronvolt (eV), the energy gained by one
electron in crossing a potential di

mc?) w
the proton is 0.938 Ge

Neutrinos
Neutrinos are produced in the sun, supemovae, reaclors, accelerator
collisions, and many other processes. Any produced neutrino can be
described as one of three neutrino flavor states Ve, ¥y1, of Vr, labelled by the
type of charged lepton associated with its production

quantum mixture of the three definite mass neutrinos V.V, and ¥ for
which currently allowed mass ranges are shown in the table. Further
exploration of the properties of neutrinos may yield powerful clues to puzzles
about matter and antimatter and the evolution of stars and galaxy structures.

Acts on:
Particl

Matter and Antimatter

For every particle type there is a corresponding antiparticie type, denoted by
a bar over the particle symbol (unless + or — charge is shown). Particle and
antiparticie have identical mass and spin but opposite charges. Some
electrically neutral bosons (e.., 2%, 1, and 1), = ¢& but not K° = ds) are their
own antiparticie:

Particle Processes

These diagrams are an artist's conception. Blue-green shaded areas represent the cloud of gluons,

ding at high
via a virtual (mediating) W boson. This hilate to produce

s neutron  (beta) decay. 50s via a virtual Z

experiencing

Particles mediating

10
strength at {
 s107m

Structure within
the Atom

Quark
Size < 10-'9m

Electron

Nucleus
Size <10'%m

Size = 1074 m.

u
60

€

~10-15
=— Ao Size = 10-'°m

Size = 107°m
If 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

Weak
Interacllon(Elec“mak)

Electromagnetic
Interaction

BOSONS

Unified Electroweak spin

Name Mass
GeV/c?

X
photon
wr
w#

80.39
80.39

91.188

force carriers
spin=0, 1, 2,

Strong (color) spin

Electric |

Electric
charge \

charge

Mass
GeV/c?

Color Charge
Only quarks and gluons carry "strong charge"
(also called “color charge") and can have strong
interactions. Each quark carries three types of
color charge. These charges have nothing to do

ith the colors of visible light. Just as electrically-
charged particles interact by exchanging photons,
in strong intetactions, color-charged particies
interact by exchanging gluons.

Quarks Confined in Mesons and Baryons
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hadrons. This confinement (binding)

charged constituents. As color
energy in the color-force field b jon
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The strengths of the interactions (forces) are shown relative to the strength of the electromagnetic force for two u quarks separated by the specified distances. B%{0b), and njg (cC)- Thekr chargjes ar
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Y10 HOBOro o CM moxet ckazatb LHC?

AHeprua CToNKHOBEHUS Ny4YKoB NpoToHoB Ha LHC B 3 pa3a bonbLue
(nonpoekTy B 6), aHepruu Konnangepa npeabiaywero nokoneHus TaBaTpoH
(1.9N3B B Cc.Uu.M.)

CTonkKHOBeHMA NpoToHoB npu 7 TaB no3BonsalT uccrneaoBaTb
3aKOHOMEPHOCTU POXKAEHUA NIeMEeHTaPHbIX YacTUL B HOBON KNHEMaTU4YEeCKOMN
obnactu

v No KBagparty nepegaHHoro 4-x umnynbca (Q?)

v nNo gorne nepegaHHoOM aHeprum (x)

OaHHble LHC no3BonsalT npoBepuTb NpeackasaHna CtaHgapHou

MoAerniu B HOBOM AMana3oHe 3TUX KUHeMaTU4eCKUX nepeMeHHbIX U

YTOUYHUTb rpaHuLbl npemeHnmoctn CM

v’ KOHCTaHTbI CBSA3M (BEPOSATHOCTM POXAEHUS YacTUL)

v’ 3HauyeHud yrna BanHbepra

v BEPOATHOCTU (LUMPWUHBbI) pacnaaoB pe30HaHCOB

v NPOCTPAHCTBEHHbIE pacnpeneneHunsi POXXAeHHbIX YacTul, BKIo4Yas
pasHble BO3MOXHblEe aCUMMETPUM BbISIETA HacTuULy

v gpyrmne napametpbl CM
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“OTKpbiTHe” CTaHAAPTHOM MoAaenu B KaHane p+p-

® 6 _| ] triggem%)ths
=10°F 2011Run L=1fb "
% 7 CMS \s=7TeV =
8.10 _§' Bs_>M+M-
) - Yy -SSR
£ 10° = I low p_ double S
S 3 high p_ doubl SEE=Sis
I ]

10°

10— B 2010 (L ~ 10%2cm?ct) atn pesynbTtathl Gbinm
nony4yeHsbl 3a 7 mecsues, B 2011(~ 1033 cm?ct) — 3a

11 2 74 Ipu SHeprvn 7 ToB ~ ToB: terra incognita (Hossie
[Mpn nepexoae Ha MNPOEKTHLIN PeXMUM paboT HaCTULB!, AOMONHUTENbHBIE
10° (~ 1034 cm?ct) — Bcero 4 yaca npu aHeprum 14 TaB Pa3MEPHOCTV, TpaBUTaLA U Apyie

HOBbIE Teopui)

1 10 10
dimuon mass [GeV]

B TedeHum mnepBbIX HECKOIbKHMX MecsaneB padorel LHC Obl1 3apeructpupoBan psif
pe3oHacoB (0T ®-Me30Ha A0 Z-0030HOB), CHOYCTS €II€ HECKOJbKO MECSIEB Oblia

3a(hMKCUpOBaHa Mapa MIOOHOB C MHBapHaHTHOM Maccod ~ 3B — Hayanmoch ucciaenoBaHUE

HOBOM 00siacth 1o Q2 31



MHOXeCcTBeHHOCTb YacTtuvl

lNMepBble pe3ynkraThl 3KCnepnmMmeHToB Ha LHC npu 7 TaB Obinn onyo6nmMkoBaHbl B

utoHe 2010 r. (arXiv:1005.3299v1, PRL)

T 0.65 TTT T T TTTT ﬂ T III |
| | i | ] i
L CMS _ - - CMS | 7 =  uainsp ©) NAL B.C. inel. Mg—
& Y C ISR inel. m r ]
| * o P ® 060  x uainso K ¥ STARNSD & ISRinel. .
T TeV C 6 4 UASNSD & UAS inel. =
b N : z;?::: T EM CDFNSD & PHOBOS | 1
0.55 - T % ALICENSD ¢ ALICE ine
® @ Hgfr\é ® » = @ CMS NSD ([n|<2.4) 50
L M —_ - T @ CMSNSD
= 2.36 TeV Adej, @01 § Tt
— 4y — 0.5+ 11 = -
3 Umfﬁ'j%%@%@é@b wogs || & - 1118 4F
= | 0.9 TeV | = o ] % N
o 045 . = 3l
- S = -
| CMS NSD | 04LC B o
- o ALICE NSD - =
I T 035 —— 0.413-0.01711 0.00143 In? 1:_@.--9# ''''''' = 981+ 0.201 Infs) ]
i O UAS NSD | . - 413 -0. n(s) + 0. n*(s) - /2,807 - 0.315 In(s) + 0.0267 In’(s)
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l l I (:]3-I Ll Ll Ll U—l L1 Lol L
2 0 2 10 102 10° 10* 10 10° 10° 10°
| NS [GEV] \S [GeV]

PocT nnoTtHocTb Yactuy, ¢ aHeprueu (ot 0.9 oo 7 TaB) npoucxoaut
ObicTpee, YeM npeackasbiBasica pasfMYyHbIMMU MOAOENAMM.
Bbina BbINOSfIHEHA TOYHaA HacTponka moaenen ana MoHTte-Kapno
MoaenupoBaHUA.
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[lepBble HeoXnaaHHble pe3dynbTtaTbl LHC:
“ridge”-adphekT B pp-CTONMKHOBEHUAX

arXiv:1009.4122v1 [hep-ex]

MinBias high multiplicity (N>110)

(b) MinBias, 1.0GeVic<p <3.0GeVic (d) N>110, 1.0GeV/c P, <3.0GeVic

R(AN,AQ)

Figure 7

Pronounced structure at large év around d¢ ~ 0!

Hexotopble mapbl 4acTui] mpu O0JbIKX A1 OKa3bIBaAIOTCSI COOPHEHTHPOBAHHBIMHU IO
HaIIPABJICHUIO CBOETO JBWXEHHS BJIOJIb OJHOIO M TOTO € a3UMYyTAJIbHOIO yIJia (o, Kak
eciii Obl YaCTHUIlbl ObUIM HEKOTOPBIM OIPEACICHHBIM 00pa3oM acCOLMUPOBAHBI BMECTE,
POXAAsACh B TOYKE CTOJKHOBEHHS.



LHC — cpabpuka top - KBapKoB

[TapHOE poxaecHue
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Pu3nkKa co CTpysasmu

1| oMs Experiment at LHC, CERN
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Pe3yabrarsl B XopouieM COIJIACUHA €
NLO PQCD BnjioTs 10 3HaueHH i

MHBAPUHATHBIX Macc ABYyX cTpyin ~3 THB !!!

”’, X Winter DIAS-TH School, AlybHa, 5 deBpans, 2012
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=\ Lumi

MHoroctpyunHbie cobbiTusi npu 7 TaB

) ALPGEN + PYTHIAS tune DBT
anti-K, R=05 L eimim= HERWIG++ tune 2.3
Combined Stafistical and Systemafic Uncertainty

arXiv:1106.0647
m I 1 L I 1 | L I I T I L T I I I _I
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Q V=7 TeV e s = PYTHIAB tune 2C -
= L,,=36 pb* = 1 mm MADGRAPH + PYTHIAB tune DET :

]

H, = Z-pﬁim

Pe3yabTarsl B X0pouieM COIJIACUHA €
npeackazanuaMu CM 11d Bcex 3HAYEHU U
H: or 0.5 10 ~ 3T3B
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TTouck 6o30Ha Xurrca

cM. aetanu nekumro A.B. Kopbrtosa Ha RDMS cemuHape
07.12.2011


http://rdms.jinr.ru/section.aspx?id=22

Bo30H Xurrca:. cevyeHus n pacnaabl

5 \s=7Tev B skcnepumeHtax ATLAS u CMS 6030H
=10 =
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I
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B E w
7 YY o
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C.B. lUmaToB “Pe3ynbrartbl akcnepmumeHta CMS Ha LHC B LEPH”, X Winter DIAS-TH School, Qy6Ha, 5 ¢eBpansa, 2012 40



Oxunpgaemas KapTuHa (MogenupoBaHue)
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C.B. lUmaToB “Pe3ynbrartbl akcnepmumeHta CMS Ha LHC B LEPH”, X Winter DIAS-TH School, Qy6Ha, 5 ¢eBpansa, 2012
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CtaTucrnyeckmu aHanums

CobbITne (pesynbsrart) HasblBaeTca “CTaTUCTUYECKMMU 3HAYUMBIM™, ECITU OHO BpPSAL
N NPOU3OLUSIO Cry4YanHo

p-value - BEPOATHOCTb MONy4YnTb Pe3yrnbTaT, Takon Kak HabntogaeTtcs (Unu Bbllle)
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Look Elsewhere Effect

What is the chance that the top card in at least one of N decks is Queen of Hearts?

Global p-value

The fact that the two answers are not the same is known under a fancy name
Look-Elsewhere Effect. The ratio of the two probabilities = trials factor.

e Large fluctuation more likely when we test many mass points
— run background-only toy MC to account for correlations

e Trial factor ~ 17.6 in this example (10K toys)
Dot = 0.010 (~ 20) = prpp = 0.173 (~ 0.40)

C.B. lUmaToB “Pe3ynbrartbl akcnepmumeHta CMS Ha LHC B LEPH”, X Winter DIAS-TH School, Qy6Ha, 5 ¢eBpansa, 2012 47



Ucnonb3yemble KaHanbl

Table 1: Summary information on the analyses included in the combination (¢ = e, ).

My range Lumi sub- My reso-
Channel (GeV /c?) (lb~1)  channels lution
H — 7y 110 — 150 4.7 4 1-3%
H— 171 110 — 145 4.6 9 20%
H — bb 110 — 135 4.7 5 10%
H— WW — fviv 110 — 600 4.6 o) 20%
H—Z7Z — 4f 110 — 600 4.7 3 1-2%
H—Z7Z — 2021 190 — 600 4.7 8 10-15%
H—Z7Z — 2{2v 250 — 600 4.6 2 7%

| 130 — 164 L
H— ZZ — 22 { 200 — 600 4.6

g
¥ S

o




Events / (2 GeV/c?)

entries / 5 GeV/c®

lMpepenbl Ha maccy bo3oH Xurrca:
BKNag pa3fimvyHbiX KaHanoB
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“OxoTta Ha Xurrca’ B 2011 r

B HacTosiLlee BpemMsa akcnepumMmeHT CMS ucknro4vaeT cywectBoBaHue 6030Ha Xurrca B
Avana3oHe macc: 127-600 MNB npu 95% C.L. (128-525 IMB npn 99% C.L.)

—
o

i CMS Preliminary, \'s = 7 TeV —e— Observed
Combined, L_ =4.6-4.7 fbr ) B Expected £ 1o

T e e e e e e ]

I
------- Expected + 20 i

{555 LEP excluded ‘

Q Tevatron excluded

: CMS excluded !

| Lll~i!

I

95% CL limit on c/c,,

e

Yo |

i 3

3 3 . f W AR N R RN NN RN . o
10 200 300 400 500 600

Higgs boson mass (GeV/c?)

OXugaemblv Npegen B crny4vae
oTcyTcTBUS 6030Ha Xurrca

3eneHble 1 XXenTble obnactu
cooTBEeTCTBYIOT 68% 1 95%
CTaHOapPTHbIM OTKNOHEHNAM OT
oXuagaemoro npeaena

NyGnunyHble pe3ynbTaTtbl COBMECTHOrO aHanu3 AaHHbIX 3KcnepuMmeHToB ATLAS m
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C.B. lUmaToB “Pe3ynbrartbl akcnepmumeHta CMS Ha LHC B LEPH”, X Winter DIAS-TH School, Qy6Ha, 5 ¢eBpansa, 2012
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CtatTucrnyeckmum aHanum3 n3odbITKa COObLITUU

[nsa oueHkn npeBblWeHNs COBbITUN NCMOSb3YIOT TECTOBYIO CTAaTUCTUKY (UNU CTaTUCTUKY
Kputepus):
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(KpuTtepus): —1107
[ obs
_ 5 S EC —
2=\ 10757 cws Preliminary, V5 = 7 Tev =
- Comhined,Lint:4.6-4_TTb'1 .
4L —=
p-value: 10 = Interpretation requires look-elsewhere effect correction Edrﬁ
. 1 e e E o A AR ]
po = P30 > 30™) = 5 [1—erf (zm-—-ﬁ)] 3 f ]
2 1 [ ]+10 from fit |
® i
B 0 ’

10 115 120 125 130 135 140 145 150 155 1

60
Higgs boson mass (GeV/c?)
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NMonck 6o3oHa Xurrca CM ¢ 4ma chepmmnoHamu

Combined, L =1.1 b

- Standard model with 4
- generations of fermions

"y
o

| CMS Preliminary, Vs =7 TeV

I- T IIIICI:ILISI{E}blselr{rEI(jI |

B CL Expected + 10

1 - CL Expected + 26
| ---=--- Bayesian Observed |]

Limit Ggs0,/Ogpa

CMS PAS HIG-11-011

‘IOUI II 200

300

400 500 600
SM4 Higgs boson mass (GeV/c?)

CMS Experiment at LHC,CERN
Data recorded: Mon Aug 2 05:02:51 2010 CEST
Run/Event: 142132/92434735

e j Py = 48.8 GeV
pr =63.7 GeV ‘L
MET
49.9 GeV
WW — 2|2v

B npegnonoxeHuu cywectBoBaHUA 4 ro nokoneHus ¢depMmMoHOB
“3aKkpbiTaa” obnactb maccbl m, = 120-600 B npu 95% C.L.

C.B. lUmaToB “Pe3ynbrartbl akcnepmumeHta CMS Ha LHC B LEPH”, X Winter DIAS-TH School, Qy6Ha, 5 ¢eBpansa, 2012
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Cynepcwvw\eTpmsu

CMS Experiment at LHC, CERN Partlcles
Data recorded: Tue Oct 26 07:13:54 2010 CEST
Run/Event: 148953 / 70626194

\ Lumi section: 49 A
Jet pT: 393 GeV|
\ JetpT. 468 GeV X

N
. \/ Supa‘symnetnc
— 7/ \ ' "shadow " particl
\, ’
[Jet pT: 34 GeV| 4

’

”
MHT: 693 GeV
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NMouck 6o3oHa Xurrca MSSM —> 17t

MonyyeHHble AaHHblIe PacWMPAIOT 06NacTb NnapameTpoOB, UCKITKOUYEHHbIE
TaBaTpOH BHM3 No tan U 3Ha4YNTEeNbHO NPOABUratoT ee No M,

CMS Preliminary
1.1 7 \Js=T TeV
1,T,~channel

10°

—a— Observed
— (10x)H—=11, m =120 |
Bl
CdZ =1
[ i

10

Events [ 20 GeV

| IE-I]UI - IﬂrDD
m,;, [GeV]

0 100

200

CMS PAS HIG-11-009
CMS Preliminary 2011 1.1 fb

-----

PN po73b!
I LEP

MSSM m™ scenario, M
h -

150 200 250 300 350

m, [GeV]

400 450

C.B. lUmaToB “Pe3ynbrartbl akcnepmumeHta CMS Ha LHC B LEPH”, X Winter DIAS-TH School, Qy6Ha, 5 ¢eBpansa, 2012

= 7+"" 95% CL excluded regions

=" ] CMS observed

------- CMS expected

¥=1Te"u'

500
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“Joomapk” vacrun, MSSM

Cynepnons Bo30HbI depMUOHbI SUA(3) | SU.(2) | Uy(1)
Gauge
G gluon: g¢,0=1,2,3 gluino: §a 8 0 0
VK weak: WK (W'",Z) wino, zino: ww*,2) 1 3 0
V([ hypercharge: B(1) bino: 5(/'") 1 1 0
Matter v ~ . "
L 2 {4 =(H.e) S {4 =(H.e), 1 2 -1
1, L & =g o e =¢ 1 1 2
Matter . )
Q, %’ ?, =(v,d), _g Q = (uv.d), 3 2 1/3
U, S =& S Y = u; 3* 1 -4/3
D, “ |D =d, D =df 3* 1 2/3
Higgs two higgs doublets "
H, H, 5 [A 1 2 -1
wn oS
Hz H, -Eg A 1 2 1
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Kanauabl pacnaga vacrun MSSM

Sparticle

Decay mode

Observables
jet + photino

squarks

~nNo ~O
9. > 9+ 4,

~No ~i
g —> g + 4

jet + chargino

g >qg+g

jet + gluino

t >c+ 4

2 collinear jets + £,

. > b+ 4

2 b jets + 2 leptons + &,

f':—>b+ qloff_'

~0

4 jets + £,
lepton + photino

sleptons

/ >/ + 4,

~

~t
[, > H + 4

neutrino + chargino

2 jets + photino

gluino

g —>qg+qg+r

~e

g > qg+r
0

jet +photino

chargino

o
. —> e +H, + 4,

electron + neutrino + photino

0

9" > g+qg' + 4’

2 jets + photino

neutralino

qg) > g’ + X

2 leptons + £_, 2 jets +&, ,
2 leptons + 2 jets + &, ,
& (invisible channel)
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[MepBble noucku SUSY

NMony4yeHbl orpaHUYeHns1 Ha NPOCTpPaHCTBO napameTpoB MSSM:

m,, >555TaB u
CMS Preliminary

Vs=7TeV, [Ldt~10"
I | I I I I I

CMS Preliminary

Ranges of exclusion limits for gluinos and squarks, varying m(i")

:G-\ ?00 | I I I I l I I 1 | Tl - ] l lﬂ:l_l' I -
9o — 2011 Limits CDF 2,7, tanp=5, y<0 u - :
7 TL:g—aqy (Fp+jets, 1.1fb .gl_
> — =R 3
()] 600 === 2010 |_|m|tS S\ DO g,q,tanﬁ_&ud) T1: it MT2. 1.1fb~" alui
O I LEP2 ¢ i =
N tang =10, A =0, u>0 % . 2: -0 [op 110 ' squark [
N | T -
r 500 e — T2: =g B, + jets, 1110, soIEIRRN
S Jets+MHT 1 Tibbbb: g—bey” [E45 110 1, gluino I
) Razor (0.8 6°) o Tibbbb: -t (W72, 1116, gluino [N
400 ’ g (1000)Gev
| 1 Tinu:g ey 1515, 0980, gluino ]
- Tith: §—gqil " [I717, 0.98 b ', gluino | ]
3001 o ] Tz o (248,098 guino [N
T W N e : > T52z: j—gq7" ||ZB, 2.1 o', gluino
'\.':1.: 4 'l( o) a *MU'“"LeptOn ...."'-.... \ I
200 T2 R ) e T e IS 5z gt [+ ets L1 o
AT LTt -...gq’-i@'fff;ev - T52Z: ij—qyvs a, 11707, gluino
R T [ PR -1 A
0 200 400 600 800 100 ~ Tifttg=tin [P, 117 7, gluino, 1
5 0 200 400 600 800 1000
mo (GeV/ C ) Mass scales (GeV/e' )
For limits on m(§).m(3) > >ml| (and vice versa). o= —g"0 A4
m(i* (i) =2 wid}
m(i")is varied from 0 GeV /' (dark blue) to m(j)-200 GeV/e* (light blue).
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Pe3rome no CynepcummeTtpumn

ecnu B TTpupoae cyulectsyeT cynepcummeTtpus,
Hapywarowascs npu 1 T3B

TO OHa MoxeT 6bITb OTKpbLITA B Gnuxavlee
byayuiee

CMS u ATLAS cnocobHbr 3aperucTpuposathb
HOBbIE YACTULILI B AUGNA30HE MAccC A0
Heckonbkux T3B

C.B. lUmaToB “Pe3ynbrartbl akcnepmumeHta CMS Ha LHC B LEPH”, X Winter DIAS-TH School, Qy6Ha, 5 ¢eBpansa, 2012
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JK30TUKaA




Y10 nwem?

d PacwmpeHHble KannbpoBOYHbIE MOOENN
v' HOBbl€ KannbpoBo4yHble 6030HbI (Z' nd W’)
v' HOBble ABaxabl 3apskeHHble 6030HbI Xurrca (H++, H--)

d HononHutenbHbIE N3MEPEHUS
d 4oe nokoneHune
O JlentokBapku

... n MHOroe gpyroe
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U O

JKCnepuMeHTaribHbleé CUrHanbl

Di-lepton, di-jets and di-photon resonance states (new
particles) in RS1-model (RS1-graviton) and TeV-1 extra
dimension model (ZKK)

Di-leptons, di-jets continuum modifications (virtual graviton
production in ADD)

Single Jets/Single Photons + Missing ET (direct graviton
production in ADD)

Single Leptons + missing ET in WKK decays in TeV-1 extra
dimension model (WKK)

Back-to-back energetic jets + Missing ET (UED)
4 jets + 4 leptons + Missing ET (mUED)
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CMS

TsaXXenble pe30oHaHCbLI

 Extra gauge bosons predicted by extended gauge models (left-right symmetric models
and GUT-inspired models)

1 Kaluza-Klein graviton excitations arising in extra dimensions models with curved bulk
space (Randall-Sandrum model)

» Small extra spatial dimensions, Curved bulk space (AdS; - slice)

» Well separated graviton mass spectrum

0 Kaluza-Klein excitations of SM gauge bosons in large flat extra-dimensions (TeV-1
Models)
» Bosons could also propagate in the bulk
» Fermions are localized at the same (opposite) orbifold point: destructive
(constructive) interference between SM gauge bosons and KK excitations

L Tecnicolor

Signals: di-leptons/di-jets/di-photons resonance states in high (~TeV) invariant mass range = new
particles would be observed as a bump, excess in the mass spectrum

The excellent momentum and energy resolutions are required !!
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HoBble pe3oHaHcbl: RS1/TeV?

L.Randall, R.Sundrum (RS1 scenario), Signals:

PRL83 3370 (1999)

Narrow, high-mass resonance states in di-
(] Bulk lepton, di-jet, di-photon events:

Planck

5D curve space with AdS; slice:
two 3(brane)+1(extra)+timel

I. Antoniadis, PLB246 377 (1990): TeV-!

O Multi-dimensional space with orbifolding
(5D in the simplest case, n=1)

0 The fundamental scale is not planckian:
MD ~ TeV

O Gauge bosons can travel in the bulk

qd,99 —> G —>e'e 'y ,yy, jet+ jet

do/dM (pb/GeV)

2000 3000 4000 GO0 Lilelela]

M, (GeV)

1g—10 I

Qg > Zux —>e'e 1w, jet+ jet
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HoBble KannbpoBoYHbIe 0030HbI (Z'/W')

e /'is an additional heavy gauge boson, predicted in many extended
gauge theories, excluded mass: ~ 1 TeV (direct searches)

» expected properties
of studied models

CMS
PTDR 2006
Model | I'/M | Z'—pu+p— | o . Br, full interference, b
Yo BE in {(PYTHIA)
1TeV/c” | 3TeV/c” | 5 TeV/ic
s 3.1 3.0 610 2.8 0.050
7 (0.6 4.0 340 7 0.032
Z 0.7 34 370 1.8 0.035
Z, 1.3 5.7 500 2.2 0.038
LLEM 2.2 2.3 500 2.3 0.040
Zarry | 1.6 8.6 740 3.7 0.077

z y within the sequential standard model

S5

Z”; ZU, Z? arising in EEi (and SO(10)) GUT groups

Vi and'ZMM arising in the framework of the so-called “left-right”

LRM

and “alternative left-right"'models {QH =g, chosen)

k-factor used: 1.35 (mass-independent)
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JlenToHHbIE Napbl

New Physics (Z'/Z/6yy) contributions to
SM processes:

L Pr = 491 GeV — — _
e qq — Il gg — 1"l
. = = q \\ EH' q - {‘+
\“\\\\ (_; | ...,' Iy ; o
I CMS PAS EXO-11-019
P - A2 Gev | J ya AN o
L \ [ M,, = 1026 GeV ‘ 7 / ¢ g ¢
@}5E||||||||||||||||||||||||g :hﬂ‘||||||||||||||||||||||||
3 10 =1 CMS preliminary “s =7 TeV JLdt-1.1 " 3 5 10 CMS preliminary Vs =7 TeV det=1_'1 b
2 . ]l DATA § g
w105 E % 10* | oara
= oL Ziv se'e 3 Zip—pp
IE 10° 22 = S 10° =
- - tt + ather prompt leptons 3 w - tf + ather prompt leptons ;
10° jets (data) 3 10° E
10 - .
107 E
- | 3
10°E [ E
1u-3 _ PR T [N T T NN TN TN NN TN TN TN N S IR | ¥ | |I |
m(ee} [GaV] m(u1w) [GeV]




[Mpepenbl B KaHane ¢ napov rienToOHOB
R, Eﬂ{pp—i-z'+_¥—hff+.¥}

olpp—=Z+X —={{+X)

CMS PAS EXO-11-019

+ CMS preliminary, | Ldt = 1.1fb”
204 .

ee+LL
| - ]
[*]
(ned :

-- median expected
68% expected -
0 33 B °5% expected

Lsen ]
Z'y
I G IﬁE:EL 1

Gy K/M,=0.05 —
—— 95% C.L. limit
0.1 N

0.2

200

| |
1000 1500

M Gev]
A 7’ with standard-model-like couplings can be excluded below 1940 GeV, the superstring-inspired
7’ below 1620 GeV, and RS Kaluza—KlIein gravitons below 1450 (1780) GeV for couplings of 0.05
(0.10)

C.B. lUmaToB “Pe3ynbrartbl akcnepmumeHta CMS Ha LHC B LEPH”, X Winter DIAS-TH School, Qy6Ha, 5 ¢eBpansa, 2012
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NMapbl hoTOHOB

CMS PAS EXO-11-038

2

Entries/20 GeV
=

107

102

200

CMS Preliminary eobserves
—Diphatan
11fblat7 TeV = +jet
- B Dijet
#=Syst. Uncertainty

.

|| IIIIII| 1 1 -IIIIII

300 400 500 oS00 70O 800 900 1000
M, [GeV]

RS graviton o [pb]

Q

—L
Q
]

--------- median expected
68% expected |
95% expected

—— Gy k=0.10

— 95% CL limit

\
% CMS Preliminary
\\1.1 fb'at 7 TeV

1 ]III.I.II

L

N\ 4
. 4

Loy v o bow v v ey w b o by w o 1o wy

600

800 100012001400160018002000
M, [GeV]

RS Kaluza—Klein gravitons below 1.7 TeV for couplings of 0.10

C.B. lUmaToB “Pe3ynbrartbl akcnepmumeHta CMS Ha LHC B LEPH”, X Winter DIAS-TH School, Qy6Ha, 5 ¢eBpansa, 2012
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[Mapbl cTpymn

AL | | | L L — TETw T T T T T T T % T T T B
% e —E —&— CMS (1.0 1) Jé 0 L R\ LS Etrirlgll Flauunanlna- i
o - — Fit . E ----- Excited Quark
e 1k - A:ig_lumﬁﬂnlumn
r=9 S QCO Pythla + CMS Simulation 3 'I:I: 1 — - E; Diquark —]
E [~ JES Uncertainty 1 = - . o :.r -
© 17 E S (1.8 TeV) - - Excited Quark = m i . RS Gravilon i
_E _: £ - - String Rezonance E % | |
10° = £ - .
E . s S (2.6 TeV) 1 .©
u q° (1.5 TeV) : ta -
107 - L. - - © 10} N =
f e, el CMS (1.0 1b)
10 EE \'E:?Taﬂ."--f q‘[z.:i'l‘e‘ul']'\l EE § Je=7 TeV
10" ;_ Il < 2.6, lani<1.3 _; e L Ml<25,lanl <1.3 7
E -3 0 95% CL Upper Limit NA
- Wide Jats =] s - X
o  .E = 10° —— Gluon-Gluon LN s
e " - —=— Quark-Gluon ' = -y ]
;E - —=— Quark-Quark ) _ ’
= Ll I. i I Ll i I Ll i | | | L | I I. ke
B 1000 1500 2000 2500 3000 3500 4001 1000 1500 2000 2500 3000 3500 4000
Dijet Mass (QeV) Resonance Mass (GeV)

CMS PAS EX0-11-015
arXiv:1107.4771
Phys. Lett. B, 3 (704) 2011, 123

Model Excluded Mass (TeV)
Observed | Expected
String Resonances 4.00 3.90
Es Diquarks 3.52 3.28
Excited Quarks 2.49 2.68
Axigluons/Colorons 2.47 2.66
W' Bosons 1.51 1.40
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ttbar

All hadronic: KK gluon excluded 1.0-1.5 TeV, subpicobarn limits to Z’
masses above 1.1 TeV

olysered |imit (35% C.L]
central Lo expacted limit

cenbral 2o axpectied limit
Topeoksr &, 200 width, Hame af &l

Topdaler £, 1.2% widih, Hars & al

L + 3o Expected
....... KK Gluon, Agashe ot al

M praiminary, 396 a0 ST 1oy CMS PAS EXO-11-055
Gombined type 1+1 & 1+2 _;
I :‘;';::mgs = , L=l1dfb! CMS preliminary, va =7 Tey
£t Expested - o I median expectad mit

Eg
NN
kB
Eg
T =
o
a3 3
wonm
A
BE

1ot

25 3
tt Invariant Mass (TeVic?®)

Upper Limit 5, x BR(Z' — tt) (pb)
E‘D

limit on =(pp—Z° =) [pb]

=
]
[

CMS PAS EXO'11'006 1000 1500 2000 2500 A000

My [GeVi-]

Semileptonic: Z' topcolor excluded in mass regions 850-035 GeV,
960-1060 GeV, sub-pb limits set on o(pp — Z" — tt) for masses above
1.35 TeV
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WZ pe30oHaHCbI

CMS PAS EXO-11-041

. CMS Preliminasy 2011 ) v
= I T T T T
= JLm =115
= & it W +Jets
~ 1o myy g
= W lels W L= 3
= W 600
2
i [
1
7
1o -
A
- TW]_‘“ Sequential SM: | M|, =784 GeV
0 200 S0 SO0 B0 1000 1200
M, (GeV) Technicolor: | M, = 384 GeV
= 400 CMS Prelmaminary 201 | WJim 7TeY
> . : E :I"""'l"" L | 'I"'I'_'
3 . e : IL di=1.15f"
— 350 ] o s 1
g 3] I.'l.'l 101 = W Limit = T84 Gc\-'__
£ g o - ]
008 3 : \ :
250 Fi I ~115 8" . \ T
2 //;//-//l e Ldt l.l- ﬂ) : ]{]‘ :_ - _._._._._'_:
S iz CMS Preliminary 2011 ys=7 TeV - : i . E
DT | L o9&y _ = 5 Exp. Limit N
2007 %/74 95% C.L. limit (exp) : — — ]
sris 959%, C.L. limit (obs) 4 - N + 23 1
ls -llllLli]llllLJ'ljilL' lJl'lLlejll- ]{]1 I 1 I’ 1 I I 1 I 'l L 1 1 1 1 k I L i i i I L 1 L I 1
?00 320 340 360 380 400 420 440 460 300 400 S04 (00 To0 800 Q00
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(Lepton-Lepton) + (Jet-Jet) Resonance

A

Run: 163761
LS: 26
Event : 16515605

\ ) CMS PAS EXO-11-002
5. . Pl S
o NS " o
\

WR and heavy neutrino from LR models

CIE Prelrmmary

T T T T T

Events/80 GeV
n

=)

g

500

1000

I T I T
240 pt' at 7 Ta¥ ]
ey
oa Enmpprin’ |

::|- 5
@ 1200+ My =M,
CEE Probminany S, -
Tali =
: =

| i i e | i L
“ BOD 1000 1200 1400 1600
My, [GeV]

1500 2000

M) [GeV]

C.B.

LUmaToB “Pe3ynbrartbl akcnepumeHTta CMS Ha LHC B LEPH”, X Winter DIAS-TH School, y6Ha, 5 c¢eBpansa, 2012
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CMS
Hepe3oHaHCHble CUrHan.ol

Q ADD-graviton contribution in the SM processes (Drell-Yan,
diphotons productions)

Q Compositeness

Signals: excess in di-particle spectrum
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Moanens ADD

N.Arkani-Hamed, S.Dimopoulos, 6.Dvali (ADD scenario),

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

O The real World is multi-dimensional: n flat -

Euclidian - extra spatial dimensions, the maximal
total number of dimensions is 3(our) + 6(extra)=9

O The fundamental scale is not planckian: M, ~ TeV

A We (all of SM forces) live on 3D brane (there is
another “parallel” hidden World)
d Only gravitons are multi-dimensional

4 M Pl n 32/n -17 /
R~M W -~ 10 ><10 sSm

Graviton contributions to SM processes:
qq —> 1I'lI”

|-

gg — |

N - Al
\"\_ p «
A (& & |:>

e~
~
7Y
-

A “Parallel” World

MTI VIiaue set

N

"Mirror"” Forces

multi-D gravnfon 4

R~ 1/,

/ ST 7

OLII World 3+1

Our World

Excess gbove di-lepton continuum!

}ID

. pb/30Ge
=

do/dM,__

2000 4000 6000 8000 _ 10000
M, GeVic
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NMpepnenbl Ha ADD-rpaBUTOH

CMS PAS EX0-11-039 Dimuons Diphotons

CMS PAS EXO-11-038

CMS preliminary s=7 TE'-..'.‘I- Ldt=118M1k"

> . _ _
310 S Ziy"—> pp Effective Planck scale (TeV) in ADD

20 ff and Diboson
- "Il:l4 Efactor | mpp =2 wep =3 mep=4 mm=5 nm =6 nep =7
a Bl ADD, Ay =28TeV 10 E¥) 34 28 6 X 22
o 10° } Data 1.6 15 37 3.1 28 26 24
F=
D
=
Ll

L L L N LU LILELEL BLELIL L N
CMS Preliminary sobsarved
EDiphoton
11t at 7 TeV gysje
B Dijet
B Syst. Uncertainty

500 1000 1500 2000 2500 3000
M, , [GeV]

200 300 400 500 &S00 TOO 200 900 1000
M., [GeV]

26 3.1 2.6 2.3 2.1 2.0
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=2 OpuHOYHbIe YacTuubl + Missing ET

Q Extra gauge bosons (W') predicted by extended gauge
models (left-right symmetric models and GUT-inspired
models)

- . . . . Hidden brane set
Q Kaluza-Klein graviton emission in large
flat extra-dimensions (ADD model) / o /

multi-D gravafon 3

A Technicolor .

Signals: lepton + MET, photon +MET, jet +MET % >MN\ /

Our World 3+1
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Mass = 1009 GeV

INlentoH + Missing ET

CMS PAS EXO-11-024

Signature is W-like at high mas
Background is SM W production!

W’ with SM-like coupling 1s exluded with MW’ = 2.27

TeV

Mr = /2 pl - ER - (1 — cos Agy,,)

T T I T T T I T T T I T T T I T T T | T
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B i, e zE
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®PoToH + Missing ET
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P e X é'

/’, - - = .
z Win'sg =
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CMS PAS EXO-11-058
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Cross section
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CMS Preliminary
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le:II 114ﬂ:‘-

| ——— n=d4, Theory LO

= n=6, Theory LO

— G5% CL Obs. Limit

= 95% CL Exp. Limit -
e n=6, Theory NLO [ =10 Exp. Limit ]
|:| +20 E:rp. leh

- n=d, Theory NLO

1

Limits on ADD models for several parameters

My (TeV) [no k-factor]

1.30 1.07 1.12 1.16

T2 14 18 18 2
M (TeV)
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Ctpysa + Missing ET
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Mukpockonuyeckme YepHbie AbIpbl

CME bt o Lotz SN
e rwosetond 2l Age T30 00 38 20N sy
MavEves N2 O VEITIIN

N=10 S;=1.1TeV
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Black Holes

& The CMS analysis - 2010, 35 pb:
| arXiv:1012.3375v1, Phys. Lett. B V697 (2011), p. 434
The CMS analysis - 2011, 1.09 fb:
recent CMS analysis - EXO-11-071
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CMS

40¢e nokoneHue




4th Generation

Decay channel Excluded Luminosity | Notes Reference
mass [Gev] | [fb]

b’-->t+W Lepton+jet | 495 1.1 EXO-11-036

t--=b+W dilepton 422 1.1 EXO-11-050

t--=b+W Lepton+jet | 450 1.1 EXC-11-051

tU-->i+7 Lepton+jet | 475 1.1 EXO-11-005
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dU3mKa TaxenbIX MOHOB

Hot and dense QCD
medium created in
heavy ion collisions

Scattered parton
probes the QCD
medium




MHOXeCTBEeHHOCTb B CTOJIKHOBeHUusx Hi .

=~ [ > N
¥ [ @ PbPb05S%ALICE - ppNSD ALICE R 1 =
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< | a AuAu(0-5%) BRAHMS + pp NSD CDF a4 8 : L 1 @
W [ * AuAu(0-5%)PHENIX ¢ pp NSD UAS5 < s0:15 :? - p— né o _ ""?
o 8 O AuAu-5%)STAR * pp NSD UA1 |, - 0 & ° ] ‘,-
= [ V¥ AuAu(06%) PHOBOS x pp NSD STAR - Te —3
:: o 8T ’ 1
< 'F 3aB. OT 3Hepruu § [y }
z 2 4 3aB. OT LieHTpanbHOCTH
2% X | 0 P-Pb276TeVALICE ©Au-Au 02TeV | =
L =) B ©
of (@ S 2~ * PpNSD 276 TeV @ 13
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u_ i =~ B =

Ll 1 N N L — L1 11 A N RSN SN AN RO S NN NN AN SRR NN S S AN SN SR SN R
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(N
PRL 105, 252301 (2010) OO @

Energy dependence

P-p ~ s>

A-A ~ s t° (most central)
Multiplicity dependence on centrality: similar trend as at
RHIC
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Perucrtpauusa pe3oHaHCOB B CTOJIKHOBeHUAX HI .

NoaaBneHne Bo30YXAEHHbIX COCTOAHMN Y
= arXiv:1105.4894 ; CMS-HIN-11-007 ; CERN-PH-EP-2011-074
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HabnrogeHue raweHna cTpyu B CTONKHOBEeHUAX HI .
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Significance

[IepcniekTuBBI OKMCKa 0030Ha XHUTITCA

CMS Preliminary: feasibility study

h NOT PUBLIC/
14 + )
| — ' @T TV e 115" @8 Tev
12 L —2'fb'1@'."'|'g‘||‘ e 2fb7 @ 8 TeV
_sfb‘@TTﬂv ....... sfhi@u-.l-gv
10 i — 10" @TTeV oo 10 fb" @8 TeV ]
8|
6f
4t
21
0 [

200 300 400 500 600
Higgs mass, m_ [GeV/c’]

with 10fb-1 at 8 TeV we can discover
the Higgs over the mass range
between ~115 and ~600GeV.

The first ZZ->4p event |

Invariant Masses

fo + py: 92.15 GeV (total(2) pr 26.5 GeV, ¢ -3.03),
Jo + i3z 92.24 GeV (total(2) pr 29.4 GeV, ¢ +.006),
o + 1a: 70.12 GeV (total pr 27 GeV),

ps + pq: 83.1 GeV (total pr 26.1 GeV).

Invariant Mass of 4u: 201 GeV
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Cuenapuu pazsutus LHC

300 fb~1/yr

2000 SLHC
1000 _ ,/
Ultimate _§/
~100 fb-1 per year ™= 2 Phase
— ~ -1
% oo 300 fb! 2
=
; \
E Nominal
= I ~50 fb-1 per year
é § Mike Lamont,
= E LLHCC upgrade session, 16/02/10
I= n
delivered == S S 8 S S S 8
(&N} (4N} (&N} (o] o (o] o o o

|
2020-2030 — High Lumi LHC
(High Luminosity (HL-LHC) Chamonix 2011)

* need to be able to integrate ~300 fb per year (1 fblper day) = peak lumi of 103 Hz/cm?
» the goal is to achieve 3000/fb in phase 2
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lNepebie cobbimus (Nnapa cmpyu)

CMS CMS Experimant at LHC, CERN CMS.~ CMS Experiment at LHC, CERN
‘.f’i Data recorded: Tue May 25 07:44:05 2010 CEST “.f”: Data recorded: Tue May 25 07:00:29 2010 CEST

x._e_-_'::.---':, Run/Event: 136100 / 166883841 ,._f_-:L--':f Run/Emgnt: 136100/ 131895112
= | Lumi section: 554 =1 | Lumi seMion: 441




lNpuHyun “Mampewku” — 4 T cmpykmypabl
demeKkmupyrowux csi0ee 8 Ma2HUMHOM roJie

 Tpekep — rerkoe BeLeCTBO

« ECAL — akTMBHOE BELLECTBO C
MaKCMMasibHO BO3MOXHbIM 3apsaaom Z —
cumMHTUNNMpytowme kpuctannel PWO

e Muon — Taxenoe BeLeCTBO MNOrJfioTuTend — 3.0 KENORMMETE
Kerne3o BO3BPATHOrO ipMa MarHuTa u —
S ROHHEIA K3 NOpLIIET
KOOpAMHATHbIE ra3oBble Kamepbl HCAL

= H1 oguH crnon oTAeNnbHO HE MOXET peLUunTb 3adady naeHTugukaumm n
N3MepPEHNS NapamMeTpPoB BCEX YacTul

= TonbKko B COBOKYIMNHOCTU CJ10€B BO3MOXHO BOCCTaHOBJIEHNE BCeun KapTUHbI
nepBNYHOIO B3aMMOOENCTBUA
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Peaucmpauyusi pyHOameHmMarsibHbIXx Yacmuy

dPyHaamMeHTanbHbIe YacTuubl CM B KOHEYHOM
COCTOAHUMN O0AKOT CUrHAsbI.

Y v (OM nuBeHb B ECAL,
HeT Tpeka)
e e (OM nuBeHb B ECAL ¢ Tpekom
B Tpekepe)
7 u (Tpek B TpeKkepe U MHOHHbIX
Kamepax)
g
g=u,d,s
g=c,b
t >W+b W +Db
VeV, V. HepocTatowasa aHeprua B ECAL+HCAL
T 2>1+v v HefoCTaloLWasa 3Heprua + sapskeHHbIN JIENTOH
W =21+ HeaocCTarLWana aHeprusa + 3apsHkeHHbIU NenTOoH +
Et~M/2
Z=2 1"+ napbl 3apsi)KeHHbIX FIeNTOHOB

2> vtV HepocTawowas aHeprua B ECAL+HCAL
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[Totoku manHBIX ¢ 3KcniepuMeHToB LHC

Level-1 Event Storage
kHz MByte  MByte/s

ATLAS 100 1 100 ~ 3lletab/ron

CMS 100 1 100 -~ 3lletabl/ron

LHCb 400 01 20

ALICE 1 25 1500
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CrexTp ¢ mapor MIOOHOB

S PO O Iy
73106 N ' Y(1,2,3S) T\
o 239 HoBble YacTuupbl,
G10° { JONOMHUTENbHbIE
o ;_ pa3MepHoCTH,
= rpaBuTaLmsa u gpyrue
10° = HOBbIE TEopuK

B Ha4yanbHOM pexnme pabotebl LHC (cBeTMMOCTb
~ 1032 cm?ct) 3Tn pesdynbTaThbl ObiNM NOMyYEHbI
3a 7 mecsueB

B 2011-2012 (cBeTuMocTb ~ 1033 cm?ct) Ha 3To
yxoau 2 OHs npu sHeprun 7 TaB

[Mpn nepexoae Ha NPOEKTHLIN pexum padoT ro0a ol

(cBeTMmoOcCTb ~ 1034 cm2ct) — Bcero 4 yaca npu 0?
aHeprumn 14 TaB i~ mass (GeVic?)
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SM Higgs Search in CMS

Explorable mass range at\/; =14 TeV with 10° pb“
taken at 103* cm~2s"

50 100 200 300 400 500 1000
HIGGS MASS GeV
LEP200
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>g0Gey [T H—» W
' +
Mar 98 H —77*» 4]

+
I > 22+ 41

H—»ZZ—% 11lvv! ! I

H —» ZZ, WW —» 11ji, lvjj D
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Example of the Expected Results

2011-2012: 8 TeV beams and up to 10 fb! of integrated luminosity
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In 2011 new physics can be discovered if exists
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Dijets and Missing E- @ 7 TeV

o 1 1 - CMSE t at LHC, CERN
» Dijet seleczf/on . _Jet Pt > 25 GeV, AD > 2.1, /n/ <3 iRum;r;;gm;ge:mmm
0, Lumi tion: 285 /
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flow
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g 10: noet)| < 3 7: g‘.? gty = 3 ?‘ “ = }‘r; S
w F :-][}tm‘n . L ) « Dot 2 ... ; SN e -._..
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CMS muon reconstruction performance was studied with Monte Calro and collision data

@7 TeV

Muon Reconstruction Performance

muons

10°
10°%
10°
10°
109

=
O

clﬂ T IIIII|T|

M—L

III|III|III|III
CMS Preliminary

II|III|III e
40 60 80

IIIIII|III|III|II
l —— Data, 31 ph-'
[ punch-through
B light
1 charm
[ b+ cascade)
B W +Jels)
O £ i+Jels)

others

1 IIIIIII| IIIII|,|]| 1 I_

Good agreement with MC prediction

GeV/c)

Py (

muons

1S MUO-10-

004

35

15

30"

25+

10+

xl‘lll[llslllllllllllllllllllIIIIIII
- ©MS Preliminary

T TTTT TTTT T
=~ Data, 31 pb " ||
[ punch-throughj_|
B light 5
— [ charm ]
[ b+ic cascade) |-
I Wi+Jets)
[ Z +Jets]

others i

2 -15-1-050 05 1 15 2

n

101



Observation of Diffraction Events

Energy flows: MC tunes

Forward jets: good agreement with theory

2

Data (Antidk , R=0.5 CALO)
W=7 TeV), 3.2 <n| <47

II. dt=171nb"

— m - = —
® 1 -[o(Data) ! G{NLO)J]
S, a3l mDataQCDDiets  CMS Preliminary - 1
o 10 A PRba20 Vs =7 Tev E - T 1-[o(Data) I ofHerwig)]
(D r muE\,rtH!a BEV E_ 1.5— O 1 - [o(Data) { g{Pythial)]
- la — H
S [ =u Phoj . . - # 1 - [o(Data) | ofPythiag)]
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PHOJET agrees better with the data (in forward region)
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JINR contributes in particular

* observation W and Z bosons as well as
high mass dijets in events with a large

rapidity gap
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NuBapuanTHas Macca
cucrembl N gacTun (¢=1):

N

MN(inV) o Z_: E°— (z rji)2

1=1

[Ipu pacmaae yactuubl maccbl M Ha N
gactuil: My (inv)=M

(cneocmeue 3aKOH08 COXPAHEHUS
SHepeuU U UMNYIbCa)
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lIpoxoxx0eHue yacmuuy Yyepe3 demekmupyroujue
cucmemsbl (npumep ycmaHosku CMS)

I
Select: om m am 3m 4m sm 6m 7m
Muon

Electron
“““ Neutral Hadron
Charged Hadron |
----- Photon %
)
4T )>>
Silicon
Tracker
Electromagnetic

it l:l I]' Calorimeter

Hadron Superconducting
Calorimeter Solenoid

Iran return yoke interspersed
with Muon chambers

Transverse slice
through CM5
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lpoxoxdeHue yacmuuy Yyepe3 demeKkmupyrowue

cucmemsbli (npumep ycmaHoeku CMS)

I | I I I | | I
om Tm Im im 4m sm Bm fm
Kizy:
Muon
Electron
Charged Hadron (e.g. Pion)
— = = = Neutral Hadron (e.g. Neutron)
""" Photon
Tracker
Electromagnetic
i llll Calorimeter
superconducting
Calorimaet Salendid

Transverse slice
through LM

Iran return yoke interspersed
with Muon chambsrs

T ] | I
RN, Fewmary 2

TR, L
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