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Abstract: The LHC has just concluded this year's proton-proton run at 7 TeV CM energy, producing more than 5fb-1of data.

While the full data sample collected by the CMS experiment will be analyzed over the winter, many of the present searches

for new physics have been completed with 1-2 fb-1. In this talk we will present the most recent updates on the search analyses in CMS, inclu
the Higgs search, searches for supersymmetry, and a plethora of other BSM models, such as extra dimensions, Z's, W_R, leptoquarks, and r
We'll also show the short-term and longer-term plans of the collider and experiments.
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CMS

Multi Jet Event at 7 TeV
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The Large Hadron Collider = a proton proton collider

7 TeV + 7 TeV
(3.5 TeV + 3.5 TeV)

1 TeV = 1 Tera electron volt
= 1072 electron volt

Primary physics targets
e Origin of mass
e Nature of Dark Matter
e Understanding space time
* Matter versus antimatter
 Primordial plasma
A R
The LHC is a Discovery Machine
The LHC will determine the Future course of High Energy Physics
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Physics case for new High Energy Machir

- Understand the mechanism Electroweak Symmetry Breaking

- Discover physics beyond the Standard Model

Reminder: The Standard Model
- tells us how but not why
3 flavour families? Mass spectra? Hierarchy?
- needs fine tuning of parameters to level of 10-30!

- has no connection with gravity /"""'
- no unification of the forces at high energy

Most popular extensions these days

If a Higgs field exists: _,

- Supersymmetry
- Extra space dimensions

If there is no Higgs below ~ 700 GeV
- Strong electroweak symmetry breaking around 1 TeV

Other ideas: more symmetry & gauge bosons, L-R symmetry, quark &
lepton substructure, Little Higgs models, Technicolor, Hidden Valleys...
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HI physics at the LHC corresponds
to conditions around here

Particle Data Group, LENL, © 2000.

Supported by DOE and NSF
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The Origin of Particle Masses

A most basic question is why elementary particles Peter Higgs

have masses (and so different masses)

The mass mystery could be solved with the ‘Higgs mechanism’
which predicts the existence of a new elementary particle, the
‘Higgs’ particle (theory 1964, P. Higgs, R. Brout and F. Englert)

(“.“i‘i\\\\\\:“ 2
Qe

m The Higgs (H) particle has been
(G"f,‘:f’;z,, searched for since decades at

accelerators, but not yet found...

200 |}

The LHC will have sufficient
energy to produce it for sure, if it

exists
100 |
e < Eisenatom
0 OOF 0.0 o185 1.5 |
[ ‘ = -
8] up down strange charm bottom top anco‘s
Englert

Quarks
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Supersymmetry

(Julius Wess and Bruno Zumino, 1974) '

Establishes a symmetry between fermions (matter)
and bosons (forces):

- Each particle p with spin s has a SUSY partner '5 o
with spin s -1/2

- Examples q (s=1/2) > q (s=0) squark

g(s=1) = g(s=1/2) gluino - Supersymmetric
h "shadow " particlﬂ
Our known world Maybe a new world? '
Standard-Teilchen SUSY-Teilchen Motivation:
o ) 0 - Unification
D = (fermions-bosons,
— = matter-forces)
Vo VM Ve (&S - Solves some deep
e n T W) problems of the

Standard Model
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Astronomers found
that most of the
matter in the Universe

must be invisible Dark
Matter
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New Physics at High Energies? -

New Gauge Bosons?

AN

Wi mass (GeV)

Extra Dimensions?

Cornviton

r \

Black Holes???

Supersymmetry Z

Little Higgs?
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Hidden Valleys?

We do not know what is out there for us...
A large variety of possible signals. We have to be ready for that
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Theory Space

Murayama LP 2ze%5| 2011: LHC Impact

M. Schmaltz  Note that during the last 3-4

ﬁ Years we —LHC experimentalists-
got more models to deal with
than we needed...

- = Y  NOT YeT

THoLGAT

Some theorists found it a
challenge to invent a model
with signatures difficult for

the experiments:

heavy stable charged particles,
hidden valley models, Quirks...

NOW WE STRIKE BACK!

But remember that these
are still early days!!
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The LHC Machine and Experiments

LHC is 100m underground

LHC is 27 km long

Magnet Temperature is 1.9 Kelvin = -271 Celsius
LHC has ~ 9000 magnets

LHC: 40 million proton-proton collisions per second

LHC: Luminosity 10-100 fb-'/year (after start-up p—— ALICE
phase) y{ Pointd =z Point 2

CM system energy: 7 TeV (13-14 TeV in 2014)

cms =
Point 5 . =~%7 .

— F I“J‘"

(
\*ﬂ'.‘?:f —

High Energy => factor 3.5-7 increase w.r.t. present accelerators
*High Luminosity (# events/cross section/time) = factor 100 increase
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The Four Central Experiments

CMS |,

— central detector
-

electromagnetic
calorimeter

hadronic
calorimeter

Y
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CMS & 2011 pp Run

CMS Experiment

n<3 n<5
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Ovarall glamater - 15 m
Ovarall length 216 m

Total weight 12 500 t
Magneoetic ield 4 Tesia

Hoeumstrve Plato
Chambers { RPC )

Resistive Plate Chambers (HPC)

Total luminosity

€M% Total Integrated Luminosty 2011 [k
LA

5 -

— Delivered 5%.73 h

*CMS Experiment: General purpose - large acceptance detector
LHC running now with 1380 bunches and ~3.5+10%3cm>7?s"! luminosity

-> 5.7 fb! delivered and 5.2 fb! recorded

This week: Heavy Ion running is starting
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The CMS Collaboration: >3170 scientists and engineers,
>800 students from 185 Institutions in 39 countries .
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March 30 2010: Start of the 7 TeV Run

CMS Experiment at the LHC, CERN| (" ANAS
sSun 2010-Jul-18 11:13:22 CE'Il'-~ >
Run 140379 Fvent 136650665 <"
C.OM. Energy 7.00TeVEE— -

An event containing “top” quarks
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March 30 2010: Start of the 7 TeV Run -

CMS Experiment at the LHC, CERN| CMS,
Sun 2010~ Jul~ 151113221‘_Ll 2l
Run 140379 Event 136650665| <~
C.O.M. Energy 7.00TeVId
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March 30 2010: Start of the 7 TeV Run

CMS Experiment at the LHC, CERN| (" ANS
Sun 2010-Jul=18 11:13:22 CE'I'-~ -
Run 140379 Event 136650665] <~
C.O.M. Energy 7.00TeVEE— =

An event containing “top” quarks
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Candidate Event for Top Productiorm.

Missing ET

Top Di-Muon Candidate Event
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Standard Model: EWK and QCi-

Di-muon spectrum
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Inclusive Jets

W/Z measurements
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Standard Model: Top quark -

Missing E Di-lepton + btag Selection Top cross section

i.. CMS Preliminary, . s=7 TeV
§ n - 04
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Search for B, 4 2 MM -

- Decays are highly suppressed in the SM
= BR(B, =2pp): (3.20.2)x10%, B, —=2>uu: (1.0£0. 1)x10 bl
 Indirect sensitivity to new phyS|Cs
— MSSM: BRec (tanf3)é
- Blind analysis ¥

s(d)

— B* 2> J/yp K* used for normalization Wit '

— B9 2> J/yp ¢ used as control regions for efficiencies

— Events observed in the unblinded windows are consistent with bkg.
plus SM expectations. CMH, 114’ s - 1 Tev CMS, 114t /s - 7 Tov

- CMS BR Limits at 95% CL
— Bg2HTHT < 1.9%1078 | ,.
— ByOp*H < 4.6x107° L |-

Endcap |

bt sl Witk iow

L signal window

" slgnal window " signal winkiow

Candidates / 0.025 GeV

Canddates / 0 025 GeV
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LHC: Exploring the Terascale

"Data are coming! Data are coming!”

19
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Where do the masses
come from?

» The key question:
‘ Where is the Higgs?
A ' . ——

® Scalar field with at least .~
one scalar particle

e

-
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Overwew of nggs Searche_

Channels studied z '
- Light Higgs :
— H—->bb g
— H—->tau tau ' .
— H->2 photons %
— H>Ww FU—.. MES—— Y |
— H>ZZ->4l aleli

« Medium to Heavy Higgs
— H>WW-2>2|2v (+jets)
— HM>EZ~> (212]. 212¥%; 4], 212T)
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H—> 2 Photons

and 2
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H—>ZZ Channel
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H—>bb Channel

PAS HIG-11-012

bJeta P—w view bb: ‘% 10° bMS Preliminary eoata  [Joco
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