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LATEST RESULTS FROM THE LHC

Results from

1. Soft Particle Production
Charged Hadron Multiplicities
Strange Hadrons and Hyperons
Angular Correlations

2. QCD Phenomena
Di-Muon Production
D Meson Production
J/Ψ Production
B-Production
Jet Physics

3. B-Physics
B Hadrons, Lifetime
Prospects for B -> µµ
B Oscillations

4. Electroweak Physics
W/Z Production

5. Top Quark Physics
Top Quark Evidence

6. Physics beyond the Standard Model
W‘
Di-Jet Resonances
Compositness
Search for SUSY

Thomas Müller, KIT

Most results from 103rd LHCC   http://indico.cern.ch/conferenceDisplay.py?confId=105780
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LHC @ 7 TeV vs Tevatron

x 20 gain in luminosity @ Mtop

Cross Sections
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1. SOFT PARTICLE PRODUCTION

• Charged Hadron Multiplicities
• Strange Hadrons and Hyperons
• Angular Correlations
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Minimum bias events: soft QCD (pT tracks down to 50 MeV)
Non single-diffractive event selection (correction 6% 2.5% systematic error)

Nch at |η|<0.5

0.9   TeV:
2.36 TeV:
7.0   TeV:

1.1 Charged Hadron Multiplicities
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Charged Multiplicity Distributions

Distributions not well described by our event generators:
Tuning is needed

Pn = σn/σ
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Particle Ratios vs pt
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1.2 Strange Hadrons and Hyperons
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• Tracks displaced from
primary vertex  (d3D > 3σ) 

• Common displaced vertex (L3D > 10σ)

Invariant mass distribution 
for different combinations
(Ω±→ΛK± or Ξ±→Λπ± ) fit 
to a common vertex.     

PDG Mass: 
1321.71 ± 0.07

PDG Mass: 
1672.43 ± 0.29

Ω- →ΛK- Ξ- →Λπ-

PIC2010 ‐ Karlsruhe 8Nadia Pastrone INFN‐Torino

Mass accuracy at the level of 10‐4  good alignment of Si‐strip and pixels

Hyperons, cont.
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1.3 Observation of Long Range Correlations

Peak cut-off in both
distributions

R(∆η,∆ϕ) = (N −1) SN (∆η,∆ϕ)
BN (∆η,∆ϕ)
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2. QCD PHENOMENA

• Di-Muon Production
• D Meson Production
• J/Ψ Production
• Bottom Production
• Jet Physics
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2.1 Di-Muon Production
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D+→ K-π+π+ Ds
+→Φπ+→ (K+ K-)π+

2.2 D Meson Production
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Measurement of D Cross Section
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2.3 J/Ψ Production



> Sources of B at the LHC: FEX and GS are higher order, but dominate at 
the LHC!

B tagging with various algos; 

Invest purity and c mistag rate
e.g. with template fit to 
secondary vertex mass.

2.4 Bottom Hadron Production and Tagging
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Bottom Hadron Cross Section



DESY, 27. 9. 2010   Thomas Müller, Institut für Experimentelle Kernphysik, KIT Highlights from the LHC

2.5 Jet Physics

  
σ s( )= dx1dx2 fi / p x1,µ( )f j / p x2,µ( )) σ ij∫∫

ij
∑
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Inclusive Jet Cross Sections
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Inclusive jet pT spectra have been produced with three different jet approaches
All results are in good agreement with NLO theory
With Particle Flow approach distributions can be extended to a low pT value of 18GeV.

b-jets
High Purity ~ 0.7 using Secondary Vertex Tagger
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3. B-PHYSICS

• B Hadrons, B Lifetime
• Prospects for B → µµ
• B Oscillations
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1.1 B Hadrons and Lifetimes
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1.2 Prospects for Bs→ µµ

+-
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1.3 B Oscillations
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4. ELECTROWEAK PHYSICS

• W/Z Boson Production
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W/Z candidates

W eν

Z µµ
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Charge Asymmetry of W Bosons
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Mass Distributions of IVB
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Z     τ τ
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Cross Sections of W and Z

About 20% systematic and statistical uncertainty, lumi 11%.
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The mother of physics: 
• Precise SM measurements
• A window to new physics       

(decay product, anomalies)

5. TOP QUARK PHYSICS

• Great tool to calibrate detector:
Jet energy scale, b-jet efficiency

• In many new physics scenarios (e.g.   
SUSY) top is dominant BG
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Pair Production of Top Quarks

TEV     LHC

~85%   ~15%

~15%   ~85%
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9/2010: See a few dozen candidates at ATLAS and CMS
2011:    Expect more tt Events at LHC than at Tevatron
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Top-Antitop Signal in Di-Lepton Mode
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Top-Antitop Signal in Lepton-Jets Mode
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? ?
?

?
?

6. SEARCH FOR NEW PHYSICS

• Search for W’
• Di-Jet Resonances
• Quark Compositness
• SUSY Prospects
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6.1 Search for W‘
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6.2 Search for Di-jet Resonances
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Λ< 1.9 TeV at 95% C.L.

(Tevatron excludes Λ<2.8 TeV)

• Roughly flat for t‐channel QCD
• Rises for quark contact interactions

Data agree well with NLO 
+ non‐purturbative corrections:

Limit on the contact interaction scale Λ

6.3 Search for Compositeness

a. Measuring centralicity:

120 nb-1
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b. Measuring angular distributions:
3.1 pb-1
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> 7 TeV data of less than 100 pb-1 should provide sensitivity to SUSY 
parameter space well beyond current Tevatron limits.

> Sensitivity strongly depends on the understanding of the SM 
backgrounds.

6.4 Prospects for SUSY
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SUMMARY

Data taking (and machine performance) is very smooth.

Detectors are wonderful instruments! So far all four large 
experiments are covering almost all topics.

Begin to “rediscover SM” at Hadron Colliders.

Begin with searches for new physics – partially surpassing 
Tevatron already! Higgs, however, still far away!

Very promising prospects: up to 1fb-1 in 2011 looks 
realistic. 

We are entering the TEV area
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Tiny signal to background and the huge level of 
expectations may lead to false discoveries.

Some examples I experienced (not all were published):

• Centauro Events (1982) 
• Diffactive Top Production (1984)
• SUSY in Mono Jets (1984)
• EWK Top Production (1984)
• Top at 140 GeV (1993)
• Compositnes in Jet pt distributions (1996)
• 170 GeV Higgs into muons (2000)
• Multi-Higgs production into taus (2008)

}
}
}

SPPS Collider

Tevatron

LHC• I hope this will stay empty !

One Word of Caution
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Definition of Two-Particle Correlations

G. Tonelli and G. Roland, CMS, CERN seminar 21. Sept 2010
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