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•   Introduction 
•  LHC & CMS Operations 
•  New Physics results at 
   7 TeV 
•  Summary & outlook  
   for 2011 
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With LHC we are entering a New Era in 
Fundamental Science 

The Large Hadron Collider (LHC), one of the largest and truly global scientific 
projects ever, is a turning point in modern physics. 

LHC ring: 
27 km circumference 

ALICE ATLAS 

CMS 

The exploration of a new energy frontier just started  
  pp collisions at a centre of mass energy of 7 TeV  
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A most basic question is why particles (and 
matter) 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)  

Peter Higgs 

The Higgs (H) particle has been 
searched for since decades at 
accelerators, but not yet found…  

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

Francois 
Englert 

The Origin of Particle Masses 
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Astronomers say that most 
of the matter in the Universe 
is invisible Dark Matter  

‘Supersymmetric’ particles ? 
We shall look for  

them with the  
LHC 

F. Zwicky 1898-1974 Composition of the Universe 

Dark Matter in the Universe 



Beyond the SM? Ask a Theorist 
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Or maybe not…!  

During the last 2-3 years 
we –LHC experimentalists- 
got more models to deal with 
than we needed… 
Some theorists found it a  
challenge to invent a model  
with signatures difficult for 
the experiments:  
heavy stable charged particles,  
hidden valley models, Quirks…  
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Compact Muon Solenoid 



00:37 Nov 7,2010 
First Heavy Ion Collisions  

 Sep 10,2008 
Circulating beam… 

 Mar 30,2010  
first  7 TeV collisions 

22:00 Mar 13,2011 
First 2011 collisions Some of the  

key moments 
the last years  
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November: Heavy Ion Collisions 

Excellent operation of  
the accelerator and CMS 
8.7 µb-1 of data collected 
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" Max instanteneous luminosity now ~ 2.04"1032cm-2s-1 

" The aim for this year was 1032cm-2s-1… 
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14 936 bunches/1033 cm-2s-1  by end of April? # 1 fb-1 already by this summer!! 
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Fraction of CMS alive channels 

CMS Week 28th March 2011 Maria Chamizo Llatas 21 
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The experiment is alive and well!! 
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The New Challenge 

Pile-up!!! 



Detector Performance: Tracks & Jets 
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de/dx   

Charm production 

B-tagging 

pT spectrum 

missing ET 
resolution Dijet mass 



The CMS detector works beautifully!!! 

Di-electron and di-muon 
invariant mass spectra 

µ+µ- widths: 
J/!  30 MeV 
"     70 MeV 

e+e- widths: 
J/!  52 MeV 
"    149 MeV 



•  Studies of general characteristics of minimum 
bias events (our future pile-up) 

•  Study of the underlying event in xxxxxxx 
collisions with a hard scattering 

•  Resonances/known particles 
•  Jet physics & QCD 
•  B-physics 
•  W,Z boson production at 7 TeV 
•  Top at 7 TeV  
•  Searches for new physics 
•  New: Heavy Ion collisions at 2.76 TeV 
•  …   21 

Physics Results 

Underlying event 
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Physics Results 

28/3/2011 
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Standard Model 
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ICHEP 2010 
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Higher Statistics and reduced systematics 



26 



27 



28 



29 



30 



31 



32 



33 



34 



35 



36 



37 Note: the luminosity uncertainty is now 4% 
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Searches for New Physics 
Can LHC compete with the Tevatron? Yes we can! 
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Higgs 
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41 Beautiful analysis…     Strong involvement of the UC-Davis group 
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These first results already triggered 
Quite a bit of discussion eg 
arXiv:1103.6247  (A Djouadi et al.) 

"Competitiveness & robustness  
"Model parameter independence 
"Usefulness for the SM Higgs search   
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Physics Beyond the Standard Model 

Extra Dimensions? Black Holes??? Long lived particles? 

ZZ/WW resonances? 
Leptoquarks? 

Supersymmetry 

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

New Gauge Bosons? 

Compositness? 
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Exotica 
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We do not know what is out there for us… 
A large variety of possible signals. We have to be ready for that 



Search for New Gauge Bosons 

47 
Exclude a new gauge bosons up to 1.58 TeV (W’) and 1.1TeV (Z’) @ 95% CL 
This goes beyond the Tevatron timits of ~ 1.1 (W’) and 1.0 (Z’) TeV 

arXiv:1012.5945 Study of the channels W’#μν,eν and  Z’#μμ, ee 
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Highest MT Candidates 

Muon event 

Electron event 
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Di-Electron Event Candidates 
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Alternative Limit Presentation 



Searches: Leptoquarks 

51 CMS limit improves the Tevatron bounds already by about 70-80 GeV  

Search in muon or electron + jet final states 
95% CL limit: 394 GeV (muon) / 384 GeV (electron)  

 GUT inspired models predict new particles  
 with lepton and quark properties 
*Some excitement at HERA in ’97 (M~ 200 GeV)  

L=34 pb-1 L=33.2 pb-1 

arXiv:1012.4033 & arXiv:1012.4031 

muon electrons 



Searches: Leptoquarks  
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A Fourth Quark Flavor Generation? 

We can’t  be sure that there are 
only 3 generations (u,d) (s,c) 
(b,t). A possible new generation 
should be heavy! 

Look for b’ and t’ quarks 
This channel:  b’# tW decays 
Hence we have b’# tW#WWb 

Utilize the W leptonic decays 
Search for same sign di-lepton 
(+4 jets) for or tri-lepton (+2 
jets) events 
No events found/background of 
0.32 expected from SM processes 

CMS limit: M(b’) > 357 GeV 95% CL 
Tevatron   M(b’) > 338 (372) GeV 95% CL 

Number of associated jets 

Preliminary 



Searches for Top Resonances 
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Searches with Jets 



Search for Extra Dimensions 
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Are there extra space 
dimensions that open at  
higher energies? 

Example: Experimental signature 
affects the di-fermion production 
Study here: di- photon production MPlanckM*1/R(1 mm)–1

1 TeV
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LED

Conventional Gravity

New mass scale larger than 1.5-2.3 TeV  
depending on the number of extra  
Dimensions (similar in the μμchannel) 
Tighter limits than at the Tevatron  

Results 

New Planck  
scale 

Old Planck  
scale 
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Randal-Sundrum Graviton Search 
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Mono-jet final states 

Searches for Extra Dimensions 



RS 

Evaporates in 10-27 sec 

Search for Micro-Black Holes 
Extra Dimensions! 

Look for the decay producs  
of an evaporating black hole  
(lifetime ~ 10-27 sec) 
"Define ST to be the scalar  
Sum of all high pT objects  
found in the event 
"Look for deviations  
at high ST 

Planck scale a few TeV?  

Black hole masses excluded in range 3-4.5 TeV depending on assumptions 

arXiv:1012.3375  



Quark Compositness (q*->qZ)  
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Excited Leptons  

61 Also excited quarks in q*-> qZ channel  => mq*> 1.17 TeV   



Lepton Jets (Hidden Valleys) 
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Long Lived Particles in Supersymmetry 
        Split Supersymmetry 
•  Assumes nature is fine tuned and SUSY is 

broken at some high scale 
•  The only light particles are the Higgs and the 

gauginos  
    - Gluino can live long: sec, min, years! 
    - R-hadron formation (eg: gluino+ gluon): slow, 

heavy particles containing a heavy gluino. 
     Unusual interactions with material 
     eg. with the calorimeters of the experiments! 

      Gravitino Dark Matter and GMSB  
•  In some models/phase space the gravitino is 

the LSP 
•  $ NLSP (neutralino, stau lepton) can live ‘long’ 
•  $ non-pointing photons 

$Challenge to the experiments! 
Sparticles stopped in the detector,walls  
of the cavern, or dense ‘stopper’ detector.  
They  decay after hours---months…  

K. Hamaguchi,M Nijori,ADR hep-ph/0612060 
ADR, J. Ellis et al. hep-ph/0508198  
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Eg when there is no beam! 



Searches: Stopped Gluinos 
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Search for Heavy Stable Charged Particles that stop in the detectors  
and decay a long time afterwards (nsec, sec, hrs…) 

Phys. Rev. Lett. 106 (2010) 01181 



Heavy Stable Charged Particles 

Stable particles  
that traverse the  
detector 

Eg heavy stable  
gluino (R-hadron) 
or stop/stau 

First search limits  
using tracker de/dx 
and muon  
identification 

Result for 3.1 pb-1 

0 events after cuts 

95% CL limits on  
production cross sections  
of a few100 pb in the  
300-400 GeV mass range 
Eg. Gluinos> 398 GeV 

arXiv:1101.1645 
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Supersymmetry 
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Beyond the Higgs Boson  

Picture from Marusa Bradac 

Supersymmetry: a new symmetry of Nature?  

SUSY particle production at the LHC 

Candidate particles for Dark Matter 
$ Produce Dark Matter in the lab 
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Search for SUSY 
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All Hadronic Channel:  
Jets + Missing Transverse Energy 

Control QCD with  
the αT variable 
No QCD expected for  
αT> 0.5 

Control EWK backgrounds 
from data itself using 
W->μν, γ+jet and 
other control samples 

QCD 

EWK (+SIGNAL?) 

arXiv:1101.1628 



-All 2010 data included: ~10-12 Events expected/ 13 observed 

No discovery of supersymmetry yet… Stronger exclusion limits 

m 0 amd m 1/2 are universal scalar and gaugino masses at the GUT 
scale 

allowed 

excluded 

Masses of squarks/gluinos > ~600 GeV!!! (in the CMSSM) 



  

Where do we expect SUSY? 
O. Buchmuller et al 
arXiv:0808.4128 

Precision measurements 
Heavy flavour observables 

“Predict” on the basis of  
present data what the preferred 
region for SUSY is (in constrained 
MSSM SUSY) 

Tevatron/LEP 

Many other groups attempt 
to make similar predictions 
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CMSSM NUHM1 

VCMSSM mSUGRA 

95% 

68% 

arXiv:1102.4585 

Original: dotted 

+CMS:dashed 

+ATLAS: solid 

Add the new CMS/ATLAS 
cesults to the constraints  
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Search using B-jets + MET 
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SUSY: OS Di-Leptons + jets + MET 
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SUSY: SS Di-Leptons + jets +MET 
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Gauge Mediated SUSY breaking: LSP is the Gravitino 

                           Here analyse collisions with:  
two hard photons (30 GeV) , missing transverse momentum and jets 

preliminary 

preliminary 
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Channels with 

"Jets only  

"Single leptons 

"Di-leptons 

"Photons 

In this model the  
squarks/gluinos get 
excluded for masses  
below 600-700 GeV 
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A slight wave of panic??? 

Nature 



Panic for a 500GeV Linear Collider? 

84 

H. Weerts 
ALCPG Meeting  
Summary talk  
last March 
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Panic for a 500GeV Linear Collider? 

But there  
are other 
of course 
SUSY 
scenarios.. 

T. Rizzo 
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New proposal for a CMS postcard:  
   Total HT= 1132 GeV   Missing HT = 693 GeV 
Be prepared for discoveries…   



•  The Machine is back for the 2011 
run since March 13 

•  Run both years 2011 and  2012 
–  Higher energy in 2012? 
–  Long shutdown after 2012 run 

•  Minimal promised scenario: 7 TeV 
and 1 fb-1 of data by end of 2011, 
but: 

•  Very likely to get more 
–  More bunches (up to 900/1400?) 
–  Beta* (squeeze) from 3.5 m to 1.5 m 

already operational 

•  $ A few fb-1, perhaps 5 fb-1 /exp not 
excluded! 

GOOD NEWS FOR HIGGS HUNTERS 

    But: no higher beam energy in 2011  
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     The hunt for the elusive Higgs boson has definitely 
                        started in 2011 at the LHC!! 

2011: Project Higgs! 
New studies including more Higgs decay channels and for 
several machine scenarios   



Summary: It’s been a Great Year 
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•  CMS is very well advanced with the detector 
commissioning and calibration 

•  Physics papers being completed on the 2010 7 TeV 
collisions. Lots of results on QCD, EWK, B-physics, and 
the top. Many searches for new physics have been 
made, and most go already beyond the reach of the 
Tevatron.  

•  Search papers are now published on full 2010 
statistics. No sign of new physics yet - but still looking… 

•  CMS is ready for the ‘real game’ ie searches for new 
physics, and for the Higgs…. Possibly already in 2011 

•  The LHC is doing its part with a great start-up!!! 


