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ATLAS and CMS experiments
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ATLAS: emphasis on excellent 
jet and missing ET resolution, 
particle identification, and 
standalone muon measurement 

CMS: emphasis on excellent 
electron/photon and tracking 
(muon) resolution 

Detectors well understood, stable operation 
and data taking efficiencies above 90%



Data samples
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Record breaking LHC performance in 2016 
- 30% higher machine availability 
- Instantaneous luminosity exceeds design value

Integrated luminosity

}
}
Run-1
Run-2



Experimental challenges
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Design

Peak interactions per bunch crossing 

~10cm 



Precision measurements
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The Higgs boson

9

Breathtaking progress in O(2) years

Higgs boson mass 
measured with 0.2% 
precision  

W/Z couplings 
measured with  
10 to 20% precision 

A plot for textbooks!



The Higgs boson
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Breathtaking progress in O(2) years

1%

99%

Analysed 
dataset

Full LHC 
dataset

A plot for textbooks!



Top-Yukawa coupling
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Uncertainties still large, no clear picture yet

Run-1

13 TeV

σ / σSM
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VBF'4FLepton'Events'

Di7Jet!Event!
Highest!Mass!Central!Dijet!

pT1!=!pT2!=!3.2!TeV!
mJJ!=!6.9!TeV!
MET!=!46!GeV!



Search for new resonances
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Dark matter at the LHC
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Complementary sensitivity to direct dark matter detection 
experiments

LHC Direct
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Dark matter at the LHC
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Complementary sensitivity to direct dark matter detection 
experiments
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Upgrade LHC and detectors to accumulate a data sample of  
3 ab-1 over a 10 year run period

Towards the High Luminosity LHC
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Go to design energy, 
nominal luminosity 
L = 1034 cm-2s-2

Phase-1 upgrade to 
design luminosity  
L = 2*1034 cm-2s-2 

μ = 55

Phase-2 upgrade 
L = 5 (7.5) *1035 cm-2s-2 

μ = 140 (200) 



CMS Phase-1 upgrade
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Outer layer of new pixel 
detector built by German 
institutes 

- 512+ modules out of 12k 

Installation beginning of 
2017  

old
new



The need for new detectors
ATLAS and CMS designed for μ = 23. Major upgrades 
mandatory for the HL-LHC 

- Cope with the huge pileup interactions and radiation damage 

- Maintain similar levels of performance as of today

20

Signal with aged 
current detector

Signal with 
upgraded detector

HL-LHC tt event at μ=200 H→4l event at μ=140



ATLAS and CMS upgrades
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New tracker 
Fully silicon based 
Higher granularity, better 
radiation tolerance

Upgrades to muon system and 
calorimetry in the forward region

New trigger and data-
acquisition system  
Enable trigger rates up to an order of magnitude 
larger than the current systems  
Requires replacing almost all of the current 
readout electronics



Both experiments: one Silicium Strip Detector End-Cap built by 
German institutes and assembled at DESY 

Much improved performance: 
- Radiation hard sensor material and electronics 
- Increase granularity 
- Improve performance (light material) 
- Extend to high rapidities

ATLAS and CMS tracker upgrade
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Strips'barrel Strips'endcap



The origin of mass
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HL-LHC a Higgs boson factory 
- Couplings measured with 2-8% 

precision 
- Access to rare decays

Higgs Snowmass report (arXiv:1310.8361)
Deviation from SM due to particles with M=1 TeV



The origin of mass
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HL-LHC a Higgs boson factory 
- Couplings measured with 2-8% 

precision 
- Access to rare decays

Higgs Snowmass report (arXiv:1310.8361)
Deviation from SM due to particles with M=1 TeV

H→μμ 



Supersymmetry
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Run-2/3 at LHC will ~double mass reach compared to Run-1 

Significant further increase with 3000 fb-1 
- ~50 to 100% for electroweak production of neutralinos and charginos 
- ~20% for gluino, squark, stop

Now

HL-LHC



Conclusions
The LHC Run-1 has been a tremendous success  

An exceptionally well performing LHC delivered the first large  
13 TeV dataset. Exploration of huge uncharted territory   

Experiments are entering the area of precision measurements 
and rare phenomena searches 

The LHC will provide exciting science for the next two decades 
26
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New Zealand 
earthquake

LHC beam orbit displacement



Additional material

28



Dark matter at the LHC
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Excluded

DM

DM



Di-photon search
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December 2015



Di-photon search
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Challenges with high-luminosity 
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Peak-instantaneous luminosity Number of interactions

Design

Design



Precision measurements
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The Higgs boson
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… still there in Run-2

Overall significance at 13 TeV ~10σ 
Rate consistent with SM prediction 
Increasing dataset allows for differential cross section 
measurements and tests of top and bottom-Yukawa couplings

13 TeV

Higgs



Searches
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LHC publications
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The four LHC experiments together:  
→ 1 publication per working day!


