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CMS Overview

CMS Public Physics Results:
https://twiki.cern.ch/twiki/bin/view/CMSPublic/PhysicsResults

Outline:

e CMS Experiment

e Studies of Electroweak and QCD processes
e Results of searches for Higgs boson

e Searches for New Physics

e Heavy-ion physics

e Conclusions
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CMS Detector

MS

A Compact Solenoidal Detector for LHC
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Detector: Compact Muon Solenoid (CMS)
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Statistics of Integrated Luminosity
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CMS Total Integrated Luminosity, p-p
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Peak luminosity 7.6 x 1033 cm =251

Data taking efficiency > 90%
e Plans: to get ~ 30 fb~ ' before end of 2012
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Performance plots (Tracker)

Track reconstruction efficiency for single muons as a function of pseudorapidity n
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Performance plots (Calorimeters)

PF Jet pr resolution

ECAL Clustering and

Bremsstrahlung Corrections
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% Progress in ECAL calibration

July 2011 March 2012 July 2012
EPS Moriond ICHEP
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For the golden categories, both photons in the barrel and no conversions:

FWHM/2.35 = 1.04 GeV (0.87%) approaching the nominal value.

A. Lanyov CMS Overview XXI International Baldin Seminar 10.09.2012 8



Performance plots (Muon system)

CMS Prellmlnan/
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Dimuon Mass Spectrum
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CMS Publications

CMS Physics Publications




Standard Model
(Electroweak & QCD)
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Inclusive W and Z boson cross sections

CMS Prellmlnary
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Measured Drell-Yan Cross Section EWK-11-007
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Generally good agreement between data and theory (NNLO calculation with FEWZ)
2D differential distributions d?a /dM dy also measured
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Diboson Production (SMP-12-014)
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Measured cross sections:
o(pp — ZZ) = 8.4 £+ 1.0(stat.) &= 0.7(syst.) &= 0.4(lumi.) pb (for mz € [60,120] GeV)
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Consistent with the standard model prediction.
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Summary of Electroweak Physics Results

— | : T =
'8_ = W ! L. CMS 95%CL limit -
s | i i 3 7 TeV CMS measurement (statdsyst) B
— —Oo— . . =
§ 10 = ! : Z ! ¢ 8TeVCMS measurement (statdsyst) 3
© - =] —Oo— ¥ —— 7 TeV Theory prediction 7
= 10°E = =1j : —— 8 TeV Theory prediction —
o S =2j _Q_ ! i =
© s = L 22 . Wy . CT
@ 10°k . 23 | | A ! | —=
w = 5 R S ; : =
[ I -} : 23] 1 H | 1 [—
(73] B ! . 1 :I F : 1 1 |

@ Lol =4); - = WW- 5 : |
S 10°g 3 =4 Lox Wz
O = : ' i L 77 3
© 10 ' ! : . (125),
5 = ot A T T = ZZ ) 3
S - E; >30GeV ' Er>10GeV ; ; ! —
'8 1L- | In®1<24 | AR(y,)>0.7 | L&
§ F | e
. i 491! 49" -

! -1 . 1 1 . 1)
10-1 —— | 36, 19 pb | 36 pb 35" 11tb 30 1b'1: 47 b | —
JHEP10(2011)132 PLB701(2011)535 CMS-PAS-EWK-11-010 (WZ) hep-ex:1202.1997

JHEPO1{2012)010 CMS-PAS-SMP-12-005,
CMS-PAS-SMP-12-011 (W/Z 8 TeV) 007, 013, 014 (WW Z7)

A. Lanyov CMS Overview XXI International Baldin Seminar 10.09.2012 16


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

dN,_, /dn

A. Lanyov

Multiplicities of Charged Hadrons

AT

o °® o o o
7 TeV -
|
® ° Mg, . ..),4404 e o
2.36 TeV ABi &0
Oe” @Y nﬁ.ADAlsgééAA.é Doy Do
O O
0.9 TeV
CMS NSD
ALICE NSD
UA5 NSD
1 | 1 1 | 1 |
-2 0 2
N
QCD-10-006

CMS Overview

XXI International Baldin Seminar

dP,

Sl N TeV © 7

°oCMS

¢

[T \Huﬁum\ Ll

-7\\\‘\\\‘\\\‘\\\‘\\\‘\\\‘\\\‘\\\‘\\\l
107020 20 60 80 100 120 140 160 180

n
QCD-10-004

10.09.2012 17


http://cdsweb.cern.ch/record/1266262
http://cdsweb.cern.ch/record/1309522

Inclusive Jet Cross Sections (QCD-11-004)

Inclusive jet cross sections
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ay(M,)=0.118 | MSTW2008 PDFs | B, = 1y = Prjg

shae f‘h 7++ +ﬁ¢f+&+ﬁ+

—o=
—o—

1102 Jaquiaydas

ojuisey/b10°abioyday sioaloid)/:dny woiy paurelqo aq uea ainby SIY) JO UOISIAA 1SaJe| au}

NLO plus non-perturbative corrections | pp, pp: incl. threshold corregtions (2-loop)
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Results are in good agreement with NLO pQCD until jet pr ~ 2 TeV.

Used in general fits of collider data by fastNLO Collaboration (ArXiv:1109.1310).
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https://cdsweb.cern.ch/record/1431022

QCD Studies with Dijets

Dijet angular

Dijet azimuthal

L] L] L] .
Dijet crqss SCCLIONS| . distributions decorrelations
1o LIVIS I’ICIIIIIIIIdIV L 4 I IU NS — [ 1EV dllU- K R 0
10 T T ‘ g L=29pb" Vs=7TeV [y|<1.1
= - 507~ —+— Daa cMs 2 E o
o 1014 F — & |- I QCD prediction s=7TeV 8 2 CMS pI™* > 300 GeV
% F —— A"=5Tev L=36pbe 812 156
i o Iy, [<05 . 1 T N =5Tev P - I . g gt
L ' _ F -H: E \ S B {
010"F o 05<Jy [<10(x10) 15 .. M, >22TeV (+05) o [ E # ;¢
GOSN 15 0 T B N e e S o R
- o D <Y X -+ b i e s s <|§ E 200 < p™ < 300 GeV
—107F o 20<]y <25 (109 13 —+— o 1:; | b <P <SR
x r i R i 18<M; <22Tev  (+04) WE A N
8108F NLO ONP N 055 .. o o tteeed
£ ] | e —— E e e BN RE
6 E o ! e e |
-O:z ; ; 0.4; 14<M; <18Tev (+03) 2% 140 <p™ <200 GeV
> 10°E = o 155 L e
o R M = ¢ ¢ ¢ B P
S 2? i L L1<M, <14Tev  (+025) Oggzifg“““g;i““we
Nb 10°F E 0-3; 085<M, <11Tev (+0.2) — pPa—
o - = L e 2F 110 <p™ < 140 GeV
1 E - 065<M, <085 Tev (+0.15) 155 0+
— = [ === 8 . A A S SIS 294
102F G 05<m, <06sTeV (01 TR e
I = e .5« A
r = E L
L e i o E
10_4 ; ; = ’0F.35<M” <05Tev (+0.05) 2; 80<p¢ax< 110 GeV
- ] ol T o
5 - NNPDF2 1}.[ |.1 (p‘Tl p )/ - = 0.25 <M <0.35 TeV 1.5;, T ) ot
10- ! \\\\\ ! ! 7” 051?.:,;f:!!! llﬁﬁ L
3 I I I B I B St 4 bt
E !
10 M (GeV) 2 4 6 8 10 12 14 16 /2 on/3 5n/6 n
i 14| cos 6*| Xi
Il Lo, — ZICOSY | dijet = PYTHIAG D6T HERWIG+-+ [rad]
Xdljet 1—| cos 0%| o PYTHIA6 22 & MADGRAPH P
A PYTHIA8 Systematic Uncert.

Results are in good agreement with NLO pQCD until invariant dijet mass 5 TeV.

Quark compositeness: lower limit on the contact interaction scale:

AT
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= 5.6TeV, A~ = 6.7TeV at 95% confidence level.
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Ratio of the 3-jet to 2-jet Cross Sections (QCD-10-012)
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are in good agreement with SM for all values Hy between from 0.5 to 2.5 TeV

(extending to an Ht range that has not been explored before).
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Hadronic event shapes (Phys. Lett. B 699 (2011) 48)

Event shapes provide information about the properties of hadronic final states
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Event-shape variables:

Central transverse thrust
ZilﬁL,i'ﬁT‘

ZipJ_,i
Centralzt|hrust rr|1in0r

S|P ixfr e

Iime = iDL
3 bins for leading jet pr:
(90-125, 125-200, > 200 GeV)

Tic =1 — max,

Pythia6 and Herwig+-+ predictions agree with the measurements in all three momentum bins,
ALPGEN, MADGRAPH and Pythia8 curves have some deviations from the data.

These measurements provide input for improvement of currently available models

of QCD multijet production.
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http://cdsweb.cern.ch/record/1325624

“Ridge effect” observed for the first time in pp collisions.

Particle correlations: wide An region, narrow A¢ ~ 0 region

(c) CMS N =110, p =0.1GeV/c (d) CMS N =110, 1.0GeV/c<p_<3.0GeV/c

g
s 3l
cg -4

4

Pronounced structure at large An
around A¢ ~ 0 !

Experimental manifestation of the new coherent effects
in proton-proton collisions

—> Flow of possible explanations using different mechanisms
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Higgs boson

FERMIONS BOSONS
First Second Third
10° Generation Generation Generation
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o o L@ zl
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Timeline for Higgs Searches at CERN
& 201142012 Analyses by CMS

e LEP excluded My < 114 GeV (2003)

e LHC exclusion, using 2011 data — 127-600 GeV
30 peak at ~ 125 GeV (CMS-PAS-HIG-12-008)

e it of precision electroweak measurements
(March 2012)

e On July 4, 2012, CMS and ATLAS
reported 5o observation (each)
of a new boson with mass about 125 GeV,
consistent with the SM Higgs boson.

e Papers submitted to publication on July 31:
Phys. Lett. B716 (2012) |1} 30!

A. Lanyov CMS Overview XXI International Baldin Seminar

6 March 2012
.

m i = 152 G?V

| Aaf]s)d =
57 . % —0.02750£0.00033
1 L% - 0.02749+0.00010
4 % % e incl. low Q® data
(\I>< |
5 3
2_
l_
JLEP LHC
0 excluded K excluded
T T T
40 100 200
m,, [GeV]
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https://twiki.cern.ch/twiki/bin/view/CMSPublic/Hig12008TWiki
http://www.sciencedirect.com/science/article/pii/S037026931200857X
http://www.sciencedirect.com/science/article/pii/S0370269312008581

SM Higgs: Cross sections & Branchings
Expected cross sections for SM Higgs boson
lozg T T T T ‘E% 1) 17 — :E 3 102‘ T T T \Eg
T ¢ Vs=8Tev I £ f\bb iE m& F e \'s = 8TeV | :
10k L2 | £ WW — Faq 4
g = 5 £ o E
Tor 1 &10%1 1
g - 10" 3
® 1 E 7 ]
; ] | 102
L 4 10-2 -
101 E ]
i N ] 10°
-2 4 -3 I I L L TR R T 4/ I A“" |
107, ‘ -3 197700 200 300 500 1000 107100 200 300 100
80100 200 300 1000
M, [GeV] M, [GeV] M, [GeV]
H VBF " VH ttH
. ¢ “ q VR g 3 ——
W, Z
t,b - - = 2 S A H
H
W,z
9
q - - q q g TTETT——— 1
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5 main channels:

Summary of the subchannels, or categories, used in the analysis of each decay mode.

Excellent mass resolution

1-2%

Worst mass resolution

Largest cross section

Decay Production No. of my range Int. Lum. (fb—1)
mode tagging subchannels (GeV) 7 TeV 8 TeV
untagged 4
vy 110-150 5.1 5.3
dijet (VBF) 1or 2
Z7 untagged 3 110-600 5.1 5.3
untagged 4
WW 110-600 4.9 5.1
dijet (VBF) lor2
untagged 16
TT 110-145 4.9 5.1
dijet (VBF) 4
bb lepton, EIV** (VH) 10 110-135 5.0 5.1

e All 2012 analyses were “blind”:

analyses were fixed before looking at the signal region.

In order to avoid the possibility of an unintended bias, all selection criteria in the analyses of the 2011 and

2012 data were fixed before looking at the result in the signal region. >

e Most of analyses have been re-optimized compared to 2011.

A. Lanyov

CMS Overview

XXI International Baldin Seminar

CMS Preliminary Ys=7TeV,L=5.05f";\s=8TeV,L=5.26fb"

Events /3 G

80 100 120 140 160 180
my [GeV]
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http://cdsweb.cern.ch/record/1471016

Higgs — vv (HIG-12-015)

S s (s=7TeV,L=51fb"'(s=8TeV,L=5.31fb"
_I T T T T T I T T T a

O > . - p-value

L I Unweighted . CcMS Vs=7TeV,L=51fb'\s=8TeV,L=53b?
o) B 1 o 1
1500 f 3 F N
1500k AVl \\ W a\\V/ | 1
E : § 10-1 2\] \\ /V o )
2 | S Jloooemamr=t 20
-01000__ 102?~.-'~ ..... .~‘M" ....... v oo
GJ - ~ o
Q | -
-g') B 10-3 ; A4 30
S 500 __ § Data g —— Observed
; | — S+BFit I Y Exp. for SM Higgs Boson
—~ [ e B Fit Component Al
@ [ o " 107E 7 TeV Observed 45
@ | B8 +20 4 C \"4 8 TeV Observed i
S~~~ O|||""I""I""I""I" 5 vl b b e b b b L
n 10,

110 120 130 140 150 110 115 120 125 130 135 140 145 150
m,, (GeV) my, (GeV)

e Significance: 4.10 (expected 2.80)

o Lixcess at ~ 125 GeV

e Very consistent between 2011 and 2012

e Resulting strength at 125.6 GeV: p=o0/osy = 1.6 £ 0.4

e v alone excludes almost full mass region

e Cross-checked with two alternative analyses (simple cuts and MVA) = Compatible results
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Event display for Higgs — ~~

CMS Experiment at the LHC, CERN
Data recorded: 2012-May-13 20:08:14.621490 GMT
Run/Event: 194108 / 564224000
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A. Lanyov

Higgs — ZZ — 4¢ (HIG-12-016)

e Clean channel:
2 high-mass pairs of opposite-sign
isolated electrons or muons

coming from Primary vertex

e Narrow mass peak:

Very good mass resolution 1-2%

e Background:

— irreducible: ZZ

— reducible: Z + jets, Zbb, tt, WZ
e Small Branching ~ 1072 at 125 GeV

CMS Overview

Events / 3 GeV

XXI International Baldin Seminar

CMS Preliminary \s=7TeV,L=5.05fb"Ns=8TeV,L=526f"

12 e Data 58 mes
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. | |zyzz
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4 _— ®
2
[ ]
0 n |
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MELA distribution

. . . CMS Preliminary {s=7TeV,L=505f";{s=8TeV,L=526fb"
MELA (Matrix Element Likelihood Approach): @ pTTTTTTITTI I T
S 1.8F * 3
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Higgs — ZZ — 4¢ (HIG-12-016)

Number of selected events and background (mass range 110-160 GeV)

Channel de 4p 2e2y1 40

Z 7 background 2.7+ 0.3 5.7 + 0.6 7.2 4+ 0.8 156 £ 1.4
Z+X 1.2+ 0.9197 2.3718 44732
All backgrounds (110 < m4r < 160GeV) | 4.0+1.0 6.6 £0.9 9.7+1.8 20£3
Observed (110 < m4, < 160 GeV) 6 6 9 21
Signal (mpy = 125 GeV) 1.36 £ 0.22 | 2.74 £ 0.32 | 3.44 £ 0.44 || 7.54 £ 0.78
All backgrounds (signal region) 0.74+0.2 1.3£0.1 1.9£+0.3 3.8£0.5
Observed (signal region) 1 3 ) 9

Q
=
[
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local p-value
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A. Lanyov CMS Overview

e Significance: 3.10 (expected 3.60)
e [ixcess at ~125.6 GeV

e Resulting strength: u = o/ogy = 0-7t82§

e 7/ alone excludes almost full mass region
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CMS Experiment at the LHC, CERN N
Data recorded: 2012-May-27 23:35:47 271930 GMT
Run/Event: 195099 / 137440354 \




Higgs — WW — fvév (HIG-12-017)

- — -1
> CIMISI __ I\FIS—l ?Tel\/’lLl_l5f1lftl) CMSH—WW Vs=7TeV,L=49" {s=8TeV,L=5.11"
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(D) i ¢ d bw o —s=— Observed -
O 40} ata . - S Expected (68% .
o F [] my =125 GeV © gk e (08%) 3
WW C O xpected (95%) ]
~ o 7 2 [ Expected for m =125 GeV I
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GC) S0 top j £ Bt =
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20 1 = | :
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e Broad excess compatible with presence of 1 xSM Higgs
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% Higgs — 77 & Higgs — bb

95% CL limit on a/ag,,

CMSH- 1t Vs=7TeV,L=4.9fb* ys=8TeV, L=5.1fb* CMSH-bb YVs=7TeV,L=5.0fb* ys=8TeV, L=5.11b’

8 [ L I L I L I L I T T T T T T T T T T T T T°T a E 8 [ T T T T I T T T T I T T T T I """"" a
C —=— QObserved u n - —=— QObserved N
7E 5= Expected (68%)|[] % 7E 5= Expected (68%)|[]
N S Expected (95%) pust N S Expected (95%)
6F 4 ° e6f =
- 1 E : .
S 0 = 5 ]
C ] CI) C ’
4 = 4+ .
C ] § C
3 o 3
2E 2F .
1 - 1F -
0 1111 I 1111 I 1111 I 111 | I 111 | I 111 | I 111 | : 0 : 1 1 1 1 I 1 1 1 1 I 1 1 1 1 I 1 1 1 1 I 1 1 1 1 :
110 115 120 125 130 135 140 145 110 115 120 125 130 135
m,, (GeV) m, (GeV)
7T — No significant excess wrt SM background

Sensitivity close to 1xSM Higgs (improved by about 70% wrt 2011)

bb — Two b-jets, large background is reduced by requiring an associated vector boson
Analysis improvements wrt 2011 ~ 50% in sensitivity
Results: broad excess compatible with presence of 1xSM Higgs
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Higgs — Combination of All Channels
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% Higgs — Signal strength

g / O'SM CMS (s=7TeV,L=511f" ys=8TeV,L=53fb"
% 2.5?.M.S. L B .\FT.:TTG.\G ITT.S? Tb_: .\(?.:?TG.V.ITT?? .fb_:_ lo per Channrgf 125.5 GeV
L) - | 68% CL band| ]
E 2-0__ ] H— vy S
= C ]
D 15 -
g . ] H— zZ
1.0F 1
B ] H— WW
0.5F -
4 H— 1t
0.0 _
-0.5;_ _; H%bb 1 1 I 1 1 1 1 I 1 1 1 1 1 1 1 I 1 1 1 1 I 1 1
_I 11 | I 11 1 1 I 11 1 1 I 11 1 1 I 11 1 1 I 1111 I 11 | I_ -1 0 1 B 2 f. 3
110 115 120 125 130 135 140 145 est fit o/ogy,
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The fitted o of the excess near 125 GeV i(s)_ consistent
= 0.87 +=0.23

with the SM scalar boson expectation:
OSM

Signal strengths in 7 and 8 TeV data are consistent.
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Higgs Couplings Cy vs Cp

20 |
CMS Preliminary I c

Vs=7TeV,L=5.1fb* 18 zl
— — -1

V\s=8TeV,L=5.31b 16C}l

14 First measurement of the scaling

12 of fermion vs vector couplings
10 of the new boson
cy ~1,¢cp ~ 0.5

(when interpreted as a Higgs boson)

N

Consistent with the SM Higgs boson.

N
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Higgs — Mass of the observed new boson

CMS ls=7TeV,L=511fb" (s=8TeV,L=5.31fb"
2 6 i | L | L | L | ||||||| T T T T 1
bcn [ Hoyy+Ho ZZ % Combined I
= - + H - yy (untagged)y
@) 5[ 4+ H - yy(VBFtag) []
- * H-2z 7| To reduce model dependence,
4-_ Jallow for free cross section in three
B - channels and fit for the common mass.
3 _| Measurement dominated by H — v~
I i ]
2 —
- + ]
O i | 11 1| | 111 | | | | 111 | | 111 | | 11 1 | |
123 124 125 126 127 128 129
m, (GeV)

My = 125.3 £ 0.4(stat.) £ 0.5(syst.) GeV
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Higgs — Spin/Parity Measurements

e Not yet really sensitive with the analyzed dataset.

No public results yet using the data

e Only known that the observation of v+ channel
excludes the spin 1 hypothesis

(Landau-Yang theorem) Generated experiments

. _ ZZ, 30 fb—1 at8TeV
e Spin 2 and Parity could be probed 0 qoorSSmton raiteen e epasenn
using angular distributions 2 800: E amo. Ml E

o 700§

o H — /7 — 4¢ projections:

using MELA Discriminator % :22 :
we can discriminate S E
between scalar and pseudo-scalar é 300k E
at 3o level with 30 fb~! at 8 TeV 200§ .
(assuming SM cross section) 100; E
e Other channels (WW, ~v) are being studied A8 Wel /L,)
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Spin/Parity Measurements in WW and ~+ Channels

Y. Gao, A. Gritsan, Z. Guo, et al., Phys.Rev. D81 (2010) 075022 — considered separation in ZZ channel
%S. Bolognesi, Y. Gao, A. Gritsan, et al., arXiv:1208.4018 — added WW and ~~ channels (see also ICHEP’2012)

L T T T T ] 016j T T T T —]
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0.06[ =
0.04— —
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1 1
5:””””H”””‘””””””””: 5: =
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= 3 3 significagie 3£ E
3 2 50 = ﬁ D oY T TN ) =
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15 3 S s 3
e = e ' =
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0., vs bkg [oO] 0., vs bkg [oO]
Scalar vs Pseudoscalar — Scalar vs Spin 2 —

ZZ: Expected 4.10 at 35fb~1 WW & vv: Expected 2.50 at 3D fb—1
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Higgs — Summary and Outlook

e CMS observed a new boson consistent with a SM-like Higgs boson,
more prominently in vy and ZZ — 4/ channels

— Used data corresponding to up to 5.1fb~! at 7 TeV and 5.3fb! at 8 TeV.
— 5 decay modes: vy, ZZ, WYW~, 777~ and bb.

— Excess observed: local significance of 5.0 0 (expected 5.8 o)

— Fit gives M = 125.3 + 0.4 (stat.) + 0.5 (syst.) GeV.

— Results are consistent (within uncertainties) with expectations for a SM

Higgs boson.

— A new era starts for the measurements of its properties,
including also spin and parity determination.

e All the remaining mass range from 115 to 600 GeV is excluded at 99% CL.

e No evidence of BSM Higgs bosons and improved limits are obtained in

different scenarios.

e CMS and LHC are on track to get a total of ~ 30 fb~! by the end of 2012.
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Search for

Exotica (BSM)
at CM.S /
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Events / GeV

(data-fit)/fit

A. Lanyov

. Search for Narrow Heavy Resonances in Dilepton Spectra (EXO-12-015§

=)
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CMS Preliminary, Vs = 8 TeV IL dt=4.11"
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3 8 TeV: 'y (4.1 b7 > CMS preliminary 8 TeV:ee (3.6 fb)
R0 T A T/—N T T T T B0 T UM T T T T3
c g (K e g ) """" median expected s £ N0 N median expected
24 R o = Z e — - 68% expected | o [ 68% expected |
o ( ) 95% expected N 95% expected N
Z'SSM ] ZISSM ]
10° 2 10° 2

—— 95% C.L. limit —— 95% C.L. limit

100} 10°F E
B0 T T000 18002000 2500 B0 TI000 18002000 2500
M [GeV] M [GeV]
8 TeV: ee (3.6 o)+ u*y (4.1 b7
Byoe s preliminary 7TeViee (50t (53M)
<} : mm meomes. 1 The lower dilepton mass limits at 95% CL:
r 95% expected 7
10°F = 3 2590 GeV — Z{g; model
= —e— 95% C.L. limit T
L 1 2260 GeV — Z{z} model
107

e b L e L LN
500 1000 1500 2000 2500 3000
M [GeV]

CMS limits are more restrictive than those previously obtained
with similar direct searches by the Tevatron experiments

or indirect searches by LEP-II experiments.
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% Search for leptonic decays of W’ bosons (EX0O-12-010)

W' — v Lepton-MET system: My = \/2 - plp - B (1 — cos Ady,)
Integrated luminosity of 3.7 fb~! at 8 TeV

% 10°F cs 2612'Pr'e|i_|r1ni'na;y' i'Di;)osoln Tt % 10°F  cws 2012 'Prelli_rln'ina'ry I '-'Di;m;ml IIII g 10| —— 95% Observed Limit BERERRRE
O 10° IL dt=3.67fb — O 10° IL dt=3.671b By a |- 95% Expected Limit
8 103 \E‘=8Tev — W->tv 8 10: \EsteV —W-1 E [ Expected + 10 ]
- 10 W - ev B T + single top - 10 W - pv B (T +single top 5 1 |:| Expected + 20 S
-ag 10° -QCD -ag 10° -QCD bé - E
o 10° BE=ws>ev o 10° BEw- i
Li 10* « Data Li 10* + Data i )
10° — W' - ev M=13TeV 10° — W - v M=1.3 TeV 107 E
— W'~ ev M=2.3 TeV — W - pv M=2.3TeV E ]
102 CMS-preliminary

Combined e + p 2011 + 2012 4
JLd =5.0/37fb™

. Vs=7/8TeV |
. ol s 10-3|E\\\\\\\ T T L L1 g

500 1000 1500 2000 2501 500 1000 1500 2001 1000 1500 2000 2500 3000
M; [GeV] M; [GeV] M, / GeV

A SSM W' with M < 2.85TeV was excluded at 95% CL
(with 3.5fb™t /s = 8 TeV data).
Combining 201142012 results does not improve further.
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Search for a heavy neutrino and right-handed W
of the left-right symmetric model (EXO-12-017)

CMS Preliminary 3.6 fbtat8 TeV
% """"""—o—Data(352)
= ~ tt (199

g C Z+(Jets) (72) 2200 CMS Preliminary 5 O fb (7 TeV) + 3 6 fb™ (8 TeV)
o B Other (24) ';' Frm T = Observed
N I~ . My, = 1.8 TeV (72) Q 2000 MNu > My Expected
P Q. - ]
% Z11800 E
T = 1600f =
L C N
1400F =
1200F =
1000}/ -
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800F =
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400 %/ff?;/ //////// _:
O 27 E 7 7777777 * ]
®© E ) ) ) ] M L1 N L1 L]
e OO 500 1000 1500 2000 2500 1000 1500 2000 2500 3000
M, [GeV] My, [GeV]

No excess over expectations from standard model processes is observed.
Combining 7 + 8 TeV data and electron + muon channels,

We exclude the region in the two-dimensional parameter (My ., My,) space
that extends beyond My, = 2.9 TeV
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Search for Narrow Resonances using the Dijet Mass Spectrum (EX0O-12-016)
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Lower limits on the masses of
different types of

exotic resonances are set

in the range 1-4.7 TeV.

Many of them extend
the previous exclusions
from the dijet mass search.
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Model Final State | Obs. Mass Excl. | Exp. Mass Excl.
[TeV] [TeV]
String Resonance (S5) qg [1.0, 4.69] [1.0,4.69]
Excited Quark (Q*) qg [1.0,3.19] [1.0,3.48]
E¢ Diquark (D) qq [1.0, 4.28] [1.0,4.18]
Axigluon (A)/Coloron (C) qq [1.0,3.28] [1.0,3.59]
s8 Resonance gg [1.0,2.67] [1.0,2.66]
W’ Boson (W) qq [1.0, 1.74] [1.0,1.97]
[1.97,2.12]
Z’ Boson (Z) qq [1.0, 1.60] [1.0,1.58]
RS Graviton (RSG) qq+gg [1.0, 1.36] [1.0,1.30]
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Search for Microscopic Black Holes (EXO-12-009) gmﬁ;m

Event:
A 9 jets with Sp = 2.6 TeV
. < .

Microscopic Black Holes can manifest themselves

as multiparticle final state with large S+ = 5 Er

The CMS analyses:

2010, 35 pb~! at 7 TeV: Phys. Lett. B697 (2011) 434;

2011, 4.7 fb~! at 7 TeV: JHEP 1204 (2012) 061;
#2012, 3.7 b~ at 8 TeV: [CMS-PAS-EXO-12-009
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CMS set limits on the minimum Black Hole mass of 4.1-6.1 TeV.

The last analysis at /s = 8 TeV has a substantially increased sensitivity
compared to previous searches.
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Supersymmetry 95% CL Limits
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Many searches of Supersymmetry at CMS has been performed.
Limits have been set.
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Heavy lon
~Collisions

Il CMS Experiment at LHC, CERN
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Jet 0, pt: 205.1 GeV

Jet 1, pt: 70.0 GeV




Studies of Resonances in PbPDb collisions
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Observation of Jet Quenching in PbPb collisions
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Conclusions

CMS detector performance is excellent,
new results are produced at very high rate.

e Impressive agreement of the data with the Standard Model.

e ...even very impressive: A new boson is found around 125 GeV with 5.0 o,
compatible with Higgs boson.

e Spin/parity determination of this boson is expected with 30 fb~!.
e Many papers at CMS — O(200), impossible to mention all analyses in a talk.

Possible projections — from CERN Courier, Dec. 2009

e Looking back: Now we have it! © (One of the items...)

What were What’s next?
. . E ADD X-dim@9TeV, :
the prOJectlonS E leptoquark@ 1.5TeV SUsY@3tev /4 NeXt
— 1000 H(120GeV) >y l | T Z@TTeV
aft the Start g f compositeness@60TeV CMS
= | susrarrey, .
of the LHC run? I mnse | = run ..?7
E 2|
e What has Nature 3 103 el 8
€ Jrowasy We are hege ¢
prepared for us? 2 1
3 100-200 fb~1/yr | 700 f~tfyr
e Stay tuned 0.1

T T T — T T
2010 2012 2014 2016 2018 2020 2022 2024 2026
year

for next results

first physics runin 2010: 200 pb’l@ 10Tev
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A. Lanyov

Thank you
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