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Start-up of the Large Hadron Collider (LHC), one of the largest and truly global 
scientific projects ever, is the most exciting turning point in particle physics.!

LHC ring: 
27 km circumference 
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1 Institute 
Tsinghua University, Beijing 

14 members 

3 Institutes 
Inst. of Atomic Energy, Beijing 

Hua-Zhong Normal Univ., Wuhan 
Hua-Zhong Univ., Wuhan 

7 members 

Chinese Institutes are involved in all 4 LHC experiments 
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Protons, Ebeam= 0.45 TeV  

Protons, Ebeam= 0.45 TeV  

CMS Experiment at the LHC 
Date Recorded: 2009-11-23 19:21 CET 
Run/Event: 122314/1514552  
Candidate Collision Event  



Proton beam energy 

Not to scale! 

10 September 2008: first protons circulating in the LHC ring 

19 September: incident in sector 3-4 

The incident was traced to a faulty electrical 
connection between segments of the LHC’s 

superconducting cable 
(busbars) 

High impact was caused by collateral damage 
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Dipole and quadruple 
magnets replaced and 
electrical 
interconnections!

LHC ring 

Incident 

new pressure release ports 
fitted!

Upgrade of magnet 
protection system!

Cleaning of vacuum beam 
tube! 8!
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Proton beam energy 

Not to scale! 
Friday, 20 November 2009: 
First beam circulated in the LHC – a clockwise 
circulating beam was established at at 10:00 p.m., 
followed by a circulating beam in the other 
direction a few hours later 
Monday, 23 November:  
Both beams are circulating in LHC 

First LHC operation in 2009 
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Date! Day! Milestones Achieved                                                     (S. Myers, 18. Dec 2009)!

Nov 20! 1! Each beam circulating. Key beam instrumentation working!

Nov 23! 4!

Nov 26! 7! Magnetic cycling established!

Nov 27! 8! Energy matching!

Nov 29! 10! Ramp to 1.18 TeV!

Nov 30! 11! Experiments solenoids on!

Dec 04! 15! Aperture measurement campaign finished. LHCb and ALICE dipoles on!

Dec 05! 16! Machine protection (injection, dump, collimators) ready for safe operation  !

Dec 06! 17!

Dec 08! 19! Ramp colliding bunches to 1.18 TeV!

Dec 11! 22!

Dec 13! 24!

Dec 14! 25!

Dec 16! 27! Ramp 4 on 4 to 1.18 TeV; squeeze to 7 m.!
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Max peak luminosity seen by 
ATLAS : ~ 7 x 1026 cm-2 s-1 

Average data-taking efficiency: ~ 90%  

Total                                                           ~ 920k                       ~ 20   µb-1 
With stable beams ( tracker fully on)          ~  540k                       ~ 12  µb-1 
At √s=2.36 TeV  (flat top)                           ~   34k                        ≈  1  µb-1                    

Recorded data samples in ATLAS Number of events 
Integrated luminosity 
(<30% uncertainty) 
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TPC No vertex cut ! 

p (GeV) 

p 

K 

π 

180k tracks 

Pixels 
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Beam spot at 2.36 TeV 

σx ≈ σy≈ 0.3 mm 
σz ≈ 40 mm 

σz = 39 mm 

Spot size 
~ 250 µm 
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η!

πο!

πο!

π0 → γγ → e+e- e+e- 

Mγγ (MeV/c2) 

m = (133 ± 3) MeV/c2 

σ = (11± 4) MeV/c2 

πο!

PDG:  
m(πο) = 134.9 MeV  
m(η)= 547.7 MeV 



K0
s → ππ	
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PDG:  
m(Κο

s) = 497.6 MeV  

M=497.7 MeV/c2!
σ=7.6 MeV/c2!

K0
s!

K0
s!

M=496.9 ± 0.3 MeV/c2!
σ= 11.0 ± 0.4 MeV/c2!

K0
s!



Λ → πp Λ → πp 
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PDG:  
M(Λ) = 1115.7 MeV  

Λ!

m=1.116 GeV/c2!
σ=3.1 MeV/c2!

Λ!

m=1115.6 ± 0.2 MeV/c2, !
σ=3.1 ± 0.2 MeV/c2!

Λ  Λ!
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PDG:  
M(Φ) = 1019.5 MeV 
M(Ξ)  = 1321.1 MeV 

φ!
CMS 2009 Preliminary!

Φ → Κ+Κ- 
Ξ → Λπ → πp π	
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m (J/Ψ) = 3.096 GeV 
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The average number of charged particles created perpendicular 
to the beam in pp collisions at 900 GeV is: 

dN/dη = 3.10 ± 0.13 (stat) ± 0.22 (syst) 

EPJ C vol 65, number 1-2 Jan 2010, Submitted to EPJC on 28 Nov 2009 

Published in EPJ 

Work in progress 
dN/dη at 2.36 TeV 

INEL= all inelastic interactions 
NSD= non-single diffractive  
            (non-diffractive and double diffractive) 
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√s=900 GeV 

Un-calibrated EM scale 
MC normalized to 
number of jets or events 
in data  
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ATLAS: Measurement 
over full calorimeter 

coverage:  
3600 in φ, |η| < 5,  

~ 200’000 cells 

METx / METy indicate x/y  components of missing ET vector 
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  Excellent performance of Collider:  
 Highest p-p collisions ever produced 

  Excellent readiness of experiments:  
 High data taking efficiency, fast turn-around for results 

  Impressive information already provided at the  
   18 December 2009 meeting at CERN  
    (LHC stopped on 16 Dec) 

  Collaborations preparing publications on first 
    collisions observed at √s = 0.9 TeV and 2.36 TeV 



Measure Standard Model Processes (at 10TeV need ~ 30pb-1): 
~ 104 Z → e+e- (golden Z’s for detector studies (1%)) 
~ 105 W → eν 
~ 103 ttbar  (measure σ to 10%) 

Initial Higgs searches and searches for physics beyond the SM 

Entering Higgs discovery era and explore large part of 
SUSY and new resonances at ~ few TeV 
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LHC (steady) operation:!
optimizing for physics!
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K πνν	

+ data for ν-physics	

Strong field QED	


Polarization, GPDF	

+ collimation, for LHC	

ν’s to Opera, Icarus	


Axion search	


π π  and πΚ atoms 

Radiation on aerosol nucl. 
Class A target area 

Radioactive beams 
4 experiments 
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Important: International Collaboration 
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Due to LHC 
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LHC ring: 
27 km circumference 


