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U Discovery and Studies of the Higgs Boson

U Standard Model Physics
v Vector Bosons & Jets
v Forward and Small-x QCD Physics
v' B Physics and Quarkonia
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U Physics Beyond the Standard Model
v’ Supersymmetry
v’ Exotica, i.e. Physics beyond
SM/SUSY/Higgs
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CMS Public Physics Results
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https://twiki.cern.ch/twiki/bin/view/CMSPublic/PhysicsResults
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https://twiki.cern.ch/twiki/bin/view/CMSPublic/PhysicsResultsEXO

CMS

Compact Muon Solenoid

CMS Status in Feb 2013 (%)
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t0O measure: the energy and momentum of VAREPC R S Y ES RGP
photons, electrons, muons, jets, missing E; pate (UTC)

up to a few TeV
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CMS

CMS Publications

In 2010-2013 the CMS Collaboration published 262 papers on collision data
(J. High Energy Phys, Phys. Rev. Lett., Phys. Lett. B, Eur. Phys. J. etc)

Showall Total QCD @ Exotica Searches | Supersymmetry B Physics | Electroweak

Top Physics | Heavy lon || Higgs standard Model =~ Beyond the SM: B2G

262 papers published

CERN Document Server
http://cdsweb.cern.ch/collection/CMS%20Papers?In=en
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Discovery and Studies PHYS'_’?‘_IE: _
of the Higgs Boson ' 2
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Phys. Lett. B 716 (2012) 30

CMS Higgs Public Physics Results
https://twiki.cern.ch/twiki/bin/view/CMSPublic/PhysicsResultsHIG
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Signature explored at CMS

incl. (ggH) VBF tag VH tags ttH tag
bb v v v
TT v’ v v v
WWwW v v v (3¢, Vj)) v
77 v v v
YY v v v v
Zy v v
uu v v
invis. v v

v/=full 8 TeV dataset analyzed, often full 7 TeV too.
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CMS

Higgs History: Discovery of New Boson

CMS Higgs searches in 2011-2012 led to new boson Higgs Seminar at
discovery with a mass of 125.3 + 0.4 (stat.) + 0.5 (syst.) Gev SERN -4 July 2012
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HEP 2013
EPS stockholm
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(info@eps-hep2013.eu )
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The 2013 European Physical Society Conference on High Energy Physics
EPSHEP 2013 Stockholn‘weden , 18-24 July, 2013

The 2013 Europhysics conference on High, Energy Physics is a biennial conference organized by the |

Particle Physics Division of the Euroj PWSOCI since 1971. The conference attracted 700
all over the world. i - = NObel PI'IZCS and
Laureates
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Summary
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Press Release

Advanced Information
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» Francois Englert

» Peter Higgs

All Nobel Prizes in Physics
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@ The Nobel Prize in Physics 2013
Francois Englert, Peter Higgs

The Nobel Prize in
Physics 2013

Fran;ms Englert

Peter W. Higgs

The Nobel Prize in Physics 2013 was awarded jointly to Frangois Englert
and Peter W. Higgs 'for the theoretical discoveryof a mechanism that
contributes to our understanding of the origin of m ass of subatomic
particles, and which recentlywas confirmed through the discovery of
the predicted fundamental particle, bythe ATLAS and CMS
experiments at CERN's L arge Hadron Collider”
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CMS

H— yy

[ cMs-HIG-13-001 |
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CMS

H— ZZ* — 4l

[ cMs-HIG-13-002 |
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H — ZZ* — 41 (MELA)

[ CMS-HIG-13-002 ] Ky (Kinematic Discriminator) is
Matrix Element Likelihood Analysis: uses kinematic
inputs for signal to background discrimination
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CMS

WW?* signature

H—> WW*

[ cMs-HIG-13-003 |

* 2 High pt isolated leptons
* Large momentum imbalance
* no mass peak reconstruction
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* 2 high-pT jets in forward direc
* Large momentum imbalance
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1.30 (2.1 c exp.)
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g H — 1t (coupling to fermions)

e [ cMS-HIG-13-004 |
g q(-) Pt
llt‘lll<-
- Number of jets categories

g _ q q 0 jets: only to constraint the background
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CMS

H — bb (coupling to fermions)
[ cMs-HIG-13-012 |

* |f SM Higgs =» bb has the highest BR

0 L L L L L
. o ' CMS * Data A
* But very high levels of backgrounds 2 80T o T L=s015" v
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CMS

Higgs Signhal Summary

[ cMS-HIG-13-005 |

Analyses No. of = Lumi (o 1) Ref.
H decay | Prod. tag | Exclusive final states channels resolution 7TeV 8TeV
untagged | 77 (4 diphoton classes) 4+4 1-2% 5.1 19.6
Y VBF-tag | 77+ (jf)ver (two dijet classes for 8 TeV) 1+2 <1.5% 5.1 19.6  [63]
VH-tag | 77+ (e, u, MET) 3 <1.5% 19.6
N, <2 3+3 .
Et -2% . .
L — 4T Nie > 2 de, 4u, 2e2p 3.3 1-29 5.1 196 [54]
0/1-jets | (DF or SF dileptons) x (0 or 1 jets) 444 20% 49 195 [65]
WW — fvév | VBF-tag | &vév + (jj)ver (DF or SF dileptons for 8 TeV) 1+2 20% 49 121 [66]
WH-tag | 3¢3v (same-sign SF and otherwise) 242 49 195 [67]
0/1-jet | (eTy, uTh, ey, pp)x (low or high py) 16+ 16
1-jet ThTh 1+1 15% 49 196  [68]
TT VBF-tag | (eTy, HTy, el, P}, TyTh) + U )VEF 545
ZH—tﬂg {.EE-' }J;I'I:I x (TFJT.F“ eTy, Wy, E.u]' 8+8 )
".-".rH—tag T, Thel, eTy Ty, T Th 4+4 >0 195 [69]
VH-tag | (vv, ee, pp, ev, pv with 2 b-jets)x (low or high py(V) or loose b-tag) | 10+ 13 10% 5.0 12.1  [70]
bb (£with 4,5 or =6 jets) x (3 or =4 b-tags); 6+6 .
ttH-tag (£ with 6 jets with 2 b-tags); ({f with 2 or =3 b-tagged jets) 3+3 >0 >1 (71]

Decay mode | Expected (¢) | Observed (o)
77 7.1 6.7
YY 3.9 3.2
WW 5.3 3.9
bb 2.2 2.0
TT 2.6 2.8
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CMS

Higgs Properties: Mass and Signal Strength

To measure the mass the ZZ — 2| and yy channels that have [ CMS-HIG-13-005 ]
excellent mass resolution have been used...

..and 5 channels for the

g Py formiissie’ fooments nos! signal strength
1DCMISIF':'EII|H':IHIETY EoTheviosn G-aTeuLste Em [Hoyy+H—-ZZ + Comiinec : o-BR
T Hoyy+Hozz [—Cmbres  © 9o e ! po= '
- 9: —H-=1y S + H—ZZ i 7 - BR
o OF sk lesHH), [ (o )sm
o af w (VBEVH) —H=Z2 N ] -
| 3 ™ 1 5-_ h fs=7TeV, L=51f" {s=8TeV. L= 106"
7E ~L . Combined CMS Preliminary m, = 125.7 GeV
E: : : p=050+0.14 P M=D'EE
5f 1.0F T Hobb
r L i r=115+082
4— L -
35 U.E_— 4 Ho
2 i — 4 p=1.10+ 041
?Ig ;HIII U ﬂ:l 1 I 1 1 1 1 I 1 1 1 1 I 1 1 1 1 I 1 I: H_}uairuwt Ul’?
: \N\%l/ o124 125 126 127 '
n‘l |||||| Ly Pl vl A A N N T N N m (Gev)
124 126 1 X H— Ww
n=0.68+0.20
my (GeV)
_ H— 77
YY 125.4%0.5+0.6 GeV h=0824028
I [N B A B A A
0 ) 15 2 25
/7—4l 125.8%0.5+0.2 GeV Best fit o/ag,,
comb. 125.7+0.3%+0.3 GeV =127 0.4 GeV n=0.80+0.14 @ m =125.7 GeV

Compatible with SM!
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[ cMS-HIG-13-005 |

CMS Preliminary W 68% CL
I == 95% CL
2 DGI'SF'IEHI‘II'I'IH']' IE5=TTeV.L=51%" fs=8TeV,Ls 106/" Ky -:-'
g— .:|||||]|c.'lllllhl:r||||||||||||||||||||_/68%C.L. :
1-8F 3/ 95 % C.L. A - . Py =037
o 1,99.7% C.L. R e )
1_45— E Mgy e ——— 030
r ] o eeeellee—
1.0 al T (OO .~/ o
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The data are compatible
with the expectations for
the SM Higgs bosons
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|
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|

0

Higgs Properties: Couplings

[s=7TeV.L<51f" ys=8TeV,L<19.6f

____ Fermiofobic Higgs
exluded @ 126 GeV
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= Spin 0 is required if SM Higgs
= Spin 1is excluded by H—yy decay (Landau-Yang theorem)

= Spin 2 induced by KK-graviton couplings

77 > 2|

CAVS praiminay We=TTeV L= 81 "yE=0Te¥ L= 106/’

Higgs Properties: Spin and Parity

Parity:

SM CP-even Higgs

BSM CP-odd Higgs

Several alternative models tested: O-, 07, 17, 1, 2+m(gg), 2" (qq)
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Spin o* or 2*_(graviton-like) (from gg or qq interactions) tested

Compatibility results from Spin-Parity analysis

Source x*p-value
Data vs. 07 0.68
Data vs. 2, (100% gg) 0.91
Data vs. 27 (100% qq) 0.51
Data vs. 27 (50% gg, 50% qq) 0.81
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CMS

Search for high mass Higgs (Higgs
doublets, other Higgs-like resonances etc)

95% CL limits on SM Higgs set

WW: 128 < m < 600 GeV (115-575 exp.)
ZZ: 200 < m < 1000 GeV (200-950 exp.)

Search for invisible Higgs (— 4v, in LSP, EDS)

E b CMS Preliminary — Observed
T Combination of VBF and 8 Expacted (68%)
. ZH,H—imvisble ... Expected (35%)

2=
- Is=BTeV L =19.6% (VEF + ZH|
L se7 TV L=5.1M [ZH)

5%z CL limit on BF

CMS-HIG-13-018,
013, 028

0.z -

_IIIIIIIIIIIIIIIIIIIlIIIIl I
115 120 125 1M 138

Combining ZH (— II) and V"I*::lclg"J

95% CL limit on BR(H—inv) is 54%

(46%_exp.)

—

-
=]
n

#
&

Search for SUSY Higgs

No evidence of BSM
Higgs boson

Other Higgs Channels

CMS prellmmary IL_E 0fb" at (s=7 TeV, fL_19 Bib" at Vs=8 TeV
s 10 T ' | |

[ cMs-HIG-13-014 |

=]

nnnnnnnn
i s

200 400 G600 800

1000

Higgs boson mass [GaV]

Search for Higgs — uu (MSSM)

BR is too small (~2.2 x 10%)
Recent data: ~4xSM sensitivity on strength p

CMS Preliminary, /s = 7+8 TeV, L = 17 fb™
L L} L] T I L} L] L] L) l;; L]

600 800
m, [GeV]
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CMS

Standard Model Physics

CMS Standard Model Public Physics Results
https://twiki.cern.ch/twiki/bin/view/CMSPublic/PhysicsResultsSMP

CMS Forward and Small-x QCD Physics Public Physics Results talk by
https://twiki.cern.ch/twiki/bin/view/CMSPublic/PhysicsResultsFSQ A. Proskuryakov

CMS B Physics and Quarkonia Physics Public Physics Results
https://twiki.cern.ch/twiki/bin/view/CMSPublic/PhysicsResultsBPH

CMS Top Physics Public Physics Results

https://twiki.cern.ch/twiki/bin/view/CMSPublic/PhysicsResultsTOP
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CMS

The first CMS results @ 7 TeV were published in June of 2010

(arXiv:1005.3299v1, PRL)

Charged Particle

T 0.65 TTTT T H T T I
! | CMS i o Il cMS 7 % uainsp O NAL B.C.inel, MJS—
e ®, o ® @ nel. A - ¥ STARNSD ¢ ISRinel.
7 TeV ‘e’ 0.6p  xuarnso G- 4 uaswsD £ UAS Inel, E
- [ A ETSNSD - m CDFNSD 0 PHOBOS f 1
055 ™ CDFASD - T % ALICENSD ¢ ALICE ine
M hﬁ% —_ - ® CMSNSD (mi<24) 5- @ cmsnsp
£ [ 2.36 Tev Al § osl Tt
< ufwﬂ%‘%&@%&&é@b w8 ) HIEER %
z 0.9 Tev = 04k 1> e
© r ’“‘“,_0.45 n - ZD o —
S 5 %
®  CMSNSD 04l e 2:_ )
A ALICENSD C - o
o _(.'-;-"Gr"“" ------- - 0.1 = 0.201 In(s)
O UAS NSD 0.35 —— 0.413 - 0.0171 In(s) + 0.00143 In?(s) 1 e 807 - 0.318 In(s) + 0.0267 In(s) |
l | | L ] - 1.54 - 0.098 In(s}-ro.lllﬁﬁln?(sr
1 03" ||||| ||||| ""I U—I 1 I L1111 | Lol | 11111l
2 0 2 10 102 10° 10° 10 10° _ 10° 10°
n \'s [GeV] \'s [GeV]
Particle density grows with energy (from 0.9 to 7 TeV) faster than
it is expected.
MC fine tunning
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CMS

Particle Correlations: ridge-effect

JHEP 1009 (2010) 091

MinBias high muttiplicity (N>110) Study the correlation
(b) MinBias, 1.0GeVic<p_<3.0GeVic (d) N>110, 1.0GeVic<p_<3.0GeVic between two Charged

particles in the angles ¢
(transverse): A and 0
(longitudinal): A6

R(AN.A¢)

A new phenomenon

in the ‘stronge force’?

* Multiple interactions?
 C-glass condensates

* Hydrodynamic models?

Figure 7

Pronounced structure at large dv around d¢ ~ 0!

That particles in some pairs at large An are receding from each other
at close to the speed of light, but are oriented along the same
¢ angle — as if the particles were somehow associated together when
they were created at the point of collision
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CMS

EWK Measurements

I lumi. uncertainty: +4%] |
axB(W) A w 0.988 + 0.009 gxp = 0.050 theo
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axB{\WW) | o 0.956 + 0.381 gxp + 0.007 theo
Rwiz - 09814 0.018 gxp £ 0.015 neg
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ZiyjotlZjet(— L) j—y 1.000+ 0.272 gyp + 0185 theo
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Ratio (CMS/Theory)

Good understanding of the detectors

and accurate theory predictions
v’ precise measurements of SM

proce

SSES

v" background to Higgs and BSM
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Production Cross Section, Oy

talk by 1.Gorbunov
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|l HC is t-Factory for details see talk by

N. Tsirova

Single production

=107 ¢ r t-channel single top quark production
8 [+ CMSpreim comoned 8 Tev (25 m) —_ — ——
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Jet Physics

] CMS-PAS-SMP-12-012

ms 1| oM Experiment at LHC, CERN
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The results are in a good agreement with
NLO calculations up to 2 TeV jets
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CMS

Multijet Events

3-jet to 2-jet Cross Section Ratios
A Mjj = 420 - 1390 GeV,
Join pr> 150 GeV

e e ' : : H — Z}JJW
‘ ‘ (X T LT
= M 1 S

i

dosy /dpr arXiv:1106.0647

R32 = ————— X QQ(Q) fu] 1Worer—77V—— 77 7
(10'2+ /d[)T @ PYTHIAB tune Z2 ]
Q 14 CMS mmmmmn PYTHIAS tune DBT T
PT1 + P12 E'j : V=7 TeV — e = PYTHIAB tune 2C =
Q = <pTl .2) = P = L,,=36 pb m— 1 == MADGRAPH + PYTHIAG tune D6T -
2 135 nt ———— ALPGEN + PYTHIAS tune DBT —
antii R=0.5 = cmieieis HERWIG+* tune 2.3 -
—_~ [ T T T T T T ] Combined Stafistical and Systematic Uncertainty T
g—;n et 2 CMS R, : 0 (M,)=0.1148'7%0%% =
3 0.22- CMSR,, — 1=.,=m_n\_ﬁ_ﬂ_'-}§
0 2; DO inclusive jets 3 ‘9&:'__. o
' 2 DO angular correlation ] o j
0.18— o H1 ] -
016 - 3 :
014 E 2 t I I | | g

0.12— — 08 0.5 1 15 2 25
0.1 E H, (TeV)

0.08 - .
0,065 E Good agreement with SM for
O | 1 Lol 1 Lol i

10 10° 10(‘3 (GeV) H-,— of 0.5 up to 3 TeV
as(Mz) = 0.1148 4 0.0014 (exp.) + 0.0018 (PDF) 0000 (scale) = 0.1148 T0-00%

aé)éiél'sla%v,@grview of physics results from CMS, NPD RAS Conference 2013, Protvino 27



Evidence for EWK VBF Process

+ Evidence for a VBF Z boson production — a crucial measurement
for the Higgs VBF studies (paper to be submitted)
® Thought to be very hard due to dominant channel background

+ Require large rapidity gap between the tag jets and use advanced
multivariate techniques (BDT) to extract signal

+ See ~30 evidence for EW production of the Z

+ Measured cross section:
® goup+ee) = 154 = 24 (stat.) + 46 (syst.) = 27 (th.) = 3 (lum.) fb
® Theoretical NLO cross section: 166 fb

Negative interference with:

;1“5E‘Gh5p.|.q_| oty E‘“E":E'Gh'sééjj"""l"-l---.--é: Multiperipheral
EVE=7TeV,L=51M" S 1 2 Fvs=7TevL=50m" SBY ]
m‘E— =§ E m‘EE =§ Eg
10"‘é— T“-:w_é 10"%— Tn-m’—é,
10’&- -; 10?‘.%—
= * =
g ¢ 3 g remsstrahlung
e i 0F :
=S | » B CMS Collaboration
; - arXiv:1305.7389
E o 0z o ] F) 0E ;.u oz ] ] Y] 0E from A De Roeck’s talk
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CMS

CMS-L=5fb"\s=7TeV,L=20fb"\s=8TeV
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Highlights of Supersymmetry

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

Sergei Shmatov, Overview of physics results from CMS, NPD RAS Conference 2013, Protvino
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CMS

Stop Searches

[ sus-13-011, sus-13-004 |

?—?production

(o)
o
O

S _CIM\ISI#;-e\I\IrIrlIr\I\a'\'y\ \\\\|\\\\‘\\\\‘\\\\
ﬁ 450 — - \'S =8 TeV —— Observed

nE_ 400—SUSY 2013 - -- Expected

%)

|

e SUS-13-004 0-lep+1-lep (Razor) 19.3 fb! (T~ tjg‘:)

330 = SUS-13-011 1-lep (leptonic stop)19.5 fb ™" (?—) t i:)

— SUS-13-011 1-lep (leptonic stop)19.5 fb ™ ('t'a b ;“f, x=0.25)
1

The combinations of stop and
neutralino masses inside the contours 250

are excluded by the experimental 200
results. -

150 —

100;
The red contour assumes that the stop sof
decays to atop quark and a neutralino, - . SARIER
the blue contour assumes that the stop O%0 200 200 400 500 600 700 800
decays to a bottom quark and a stop mass [GeV]

chargino.
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tGIuino Searches

SUS-12-024, SUS-12-028, SUS-13-004,

SUS-13-007, SUS-12-026, SUS-13-008, [ SUS-12-024, SUS-12-028, US-13-004 ]
SUS-13-013

g-g production, g— tT’){?
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Supersymmetry Summary (95% C.L.)

Summary of CMS SUSY Results” in SMS framework SUSY 2013
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for other details see talk by Alexander Lanyov

Exotica

U Heavy Resonances and Non-Resonant Signals (extended gauge models,
extra dimensions, technicolor) = dileptons, dijets, diphotons, ttbar, WZ
U Mono-particle + Missing ET (extended gauge models, extra

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

O Black Holes (extra dimensions) = high-multiplicity events
U Leptoquarks

A 4™ Generation = lepton + jet, dilepton

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

CMS Beyond-two-generations (B2G) Public Physics Results
https://twiki.cern.ch/twiki/bin/view/CMSPublic/PhysicsResultsB2G
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CMS

Heavy Resonances

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

U Kaluza-Klein graviton excitations arising in extra dimensions models with

curved bulk space (Randall-Sundrum model) LT

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

» Well separated graviton mass spectrum

do/dM (pb/GeV)

P I
4000

PR I
6000 8000

P I T R
1000 2000 3000

O Kaluza-Klein excitations of SM gauge T e
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

1 Technicolor

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

Excellent momentum and energy resolutions are required !!
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SM processes:

Dileptons: Spectra
New Physics (Z'/Z,/6y) contributions to

qq— 11" gg —> 1"l
q s g b
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CMS

Dileptons: Limits
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B olpp—=Z+X =+ X)

| CMS PAS EX0-12-061 |

CMS Preliminary

8 TeV, ee (19.6 fb"), "y (20.6 b

. 10

10°

108

107

I|IIIIl*{\III|IIII|IIII|IIII|IIII

===amen edian expected

B 63% expected
95% expected

I zlaau

Z,
—— 95% CL limit

| ..
200

o by by by s
1000 1500 2000 2500

3000 3500
m(ll) [GeV]

[ Phys.Lett. B720 (2013) 63 |
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A Z’ with standard-model-like couplings can be excluded below 2950 GeV, the
superstring-inspired Z’ below 2600 GeV, and RS Kaluza—KIlein gravitons below
2030 (2390) GeV for couplings of 0.05 (0.10)
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Diphotons

[ Phys.Rev.Lett. 108 (2013) 111801 ]
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CMS

Dijets
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CMS

ttbar

CMS, 19.7 fb', /s =8 TeV
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Di-boson Resonances
[ EXO-12-021, EXO-12-022 |
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CMS

(Lepton-Lepton) + (Jet-Jet) Resonance
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CMS

Non-Resonant Signals

Q ADD-graviton contribution in the SM processes (Drell-Yan,
diphotons productions)
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% 107 £
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Signals: excess in di-particle spectrum s
© 10 F

2000 4000 6000 8000 10000
M, GeVic
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CMS for details see talk

by Maria Savina

Exclusion Limits for ADD
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CMS

Mono-Particle + MET

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) / “ Forces /

multi-D gravufon 4

d Technicolor -

Signals:_lepton + MET, photon +MET, jet +MET /MFM /

Our World 3+1
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CMS

Lepton + MET ("cyspas Exo-12-060
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CMS

Jet + MET
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Multiparticle Events

a Black Holes

CMS Experiment at LHC, CERN
C Data recorded: Tue Oct 26 08:37:26 2010 EDT
Run/Event: 149003 / 257672228
— > \Lumisection: 237

Q Leptoquarks e

 etc

Signals: jets + leptons +
photons + MET
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Black Holes
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for details see talk by M. Savina
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CMS

Leptoquarks

=== Other Background
—— LQ, M =500 GeV
—— LQ, M =900 GeV

CMS Preliminary Vs =28 TeV, 19.6 fb” [ EX0O-12-042 ]
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CMS

LQ1, p=0.5

C M S EXOT'CA 95% CL EXCLUSION LiMITs (TEV) 81810

g* (qg), dijet
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LQ3 (bv), Q=x1/3, =0.0

LO3 (bT), Q=+2/3 or =4/3, =1.0
stop (bT)

Compositeness

b' — tW, (31, 2I) + b-jet

q’, b’/t’ degenerate, Vib=1
b’ — tW, l+jets

B' — bZ (100%:)

T — t2 (100%)

t' — bW (100%]), l+jets

t' — bW (100%),

C.L A, X analysis, A+ LL/RR
C.L. A, X analysis, A- LL/RR
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C.l., single p (HNCM)
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MD, monojet, nED = 3
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MBH, rotating, MD=3TeV, nED = 2
MBH, non-rot, MD=3TeV, nED = 2
MBH, boil. remn., MD=3TeV, nED =2

MBH, stable remn., MD=3TeV, nED =2
MEBH, Quantum BH, MD=3TeV, nED =2
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for details see talk by I. Lokhtin

Heavy Ion (PbPb) @ 2.76 TeV/nuclon
and
pPb @ 5.02 TeV/nuclon

CMS Heavy lona Public Physics Results
https://twiki.cern.ch/twiki/bin/view/CMSPublic/PhysicsResultsHIN
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PbPb Highlights
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pPb Highlights
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"Ridge"” (long-range azimuthal Egr"frefariorzs) is observed by CMS
in high multiplicity pp and pPb as well as in central PbPb collisions
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CMS .
Conclusions

1 Being based on excellent detector performance
v' TeV leptons, photons, jets
v" Mono-particle + associated missing energy
v' Complex signatures

CMS discovered a new boson

1 CMS has performed studies of the discovered boson in many
different channels = SM Higgs Boson (2013)

d CMS explored the Standard Model in many channels with
high precision and set new limits on New Physics (SUSY,
Exotica)

 The collaboration is preparing for RUN2 @ 13 TeV, starting in
2015 (~100 fb-1 for ~2016)
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CMS

CMS Talks @ This Conference

1. Alexander Proskuryakov “Difraction at CMS”
2. Alexander Lanyov “Recent CMS Results of Searches for

N o O bk

Physics Beyond Standard Model”

Maria Savina “Search for KK-states of graviton and
microscopic black holes with the CMS detector at the LHC”

llya Gorbunov “Study of Drell-Yan processes with CMS”
Natalia Tsirova “Single top quark studies with CMS”
Sergei Shulga “Particle multiplicity in jets at CMS”

lgor Lokhtin “Heavy lon Physics at the LHC with CMS ”
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CMS

Thank you for your
attention
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Highest Dilepton Mass at CMS
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Data recorded: Tue Oct 26 08.37:26 2010 EDT
Run/Event: 149003 / 257672228

CMS Experiment at LHC, CERN
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Data recorded: Tue Oct 26 08:37:26 2010 EDT
RunfEvent: 149003/ 257672228

CM3 Experimentat LHC, CERN
Lumi section: 237

branching fraction A, or a neutrino and a quark, with branching fraction 1- 8

couples to a lepton and a quark with coupling strength B!

CMS,

An LQ carries color, has fractional electric charge, can have spin 0 or spin 1, and

An LQ would decay to a charged lepton and a quark, with an unknown

60
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CMS

Efficiency

Tracker Performance

CMS preliminary (simulation)
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