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LHC schedule 

today 

towards first collisions …  

today 
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Status Experiments 

CMS ready, waiting … 
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First Splash Events 
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First Splash Events 
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Detector – Run I 
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The CMS Detector 
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Classical Jets: 𝐸𝐸𝑗𝑗 = 𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸 + 𝐸𝐸𝐻𝐻𝐸𝐸𝐸𝐸𝐸𝐸 
Particle Flow: 𝐸𝐸𝑗𝑗 = 𝐸𝐸 tracks + 𝐸𝐸 photons + 𝐸𝐸 (neut. hadrons) 

tracker 
~60% 

ECal 
~30% 

HCal 
~10% 

Particle Flow 
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The CMS Detector 

large tracking volume (𝑟𝑟 = 1.3𝑚𝑚) 
large magnetic field (𝐵𝐵 = 3.8 𝑇𝑇) 
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Performance (example): 
𝑝𝑝𝑝𝑝 → 𝑍𝑍 + 𝑗𝑗 

�⃗�𝑞𝑇𝑇  

𝒁𝒁 𝝁𝝁+ 

𝝁𝝁− 

𝑢𝑢𝑇𝑇  
𝑢𝑢⊥ 

𝑢𝑢ǁ 

Ɇ𝑇𝑇  

jet 

CMS-PAS-JME-12-002 

Jet Energy Resolution 



Achim Stahl, RWTH Aachen 14 

Performance (example): 
𝑝𝑝𝑝𝑝 → 𝑍𝑍 + 𝑗𝑗 

�⃗�𝑞𝑇𝑇  

𝒁𝒁 𝝁𝝁+ 

𝝁𝝁− 

𝑢𝑢𝑇𝑇  
𝑢𝑢⊥ 

𝑢𝑢ǁ 

Ɇ𝑇𝑇  

jet 

CMS-PAS-JME-12-002 

Jet Energy Resolution 



Achim Stahl, RWTH Aachen 15 

The CMS Detector 

Detector 
Operation 

Monte Carlo 
Generators 

Computing 

Data Quality 

Theory 
Support 

LHC 

Upgrade 

Management 

Reconstruction 
Software 
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SM cross sections 

W                  Z                  di-boson            𝒕𝒕�̅�𝒕          single-𝒕𝒕         Higgs 
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SM cross sections: 𝒁𝒁 → 𝝁𝝁𝝁𝝁𝝁𝝁 

Differential cross section: 
Mainly FSR from the 𝑍𝑍 

 
1. Transverse energy of    
     the photon  
     (with respect to the beam) 

 
 

Kinematic selection: 
𝐸𝐸𝑇𝑇 𝛾𝛾 > 5 𝐺𝐺𝐺𝐺𝐺𝐺 
𝜂𝜂 𝛾𝛾 < 2.4 

0.05 < Δ𝑅𝑅𝜇𝜇𝜇𝜇 ≤ 3 
30 < 𝑀𝑀𝜇𝜇𝜇𝜇 < 87 𝐺𝐺𝐺𝐺𝐺𝐺 

arXiv.1502.07940  
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SM cross sections: 𝒁𝒁 → 𝝁𝝁𝝁𝝁𝝁𝝁 

Differential cross section: 
Mainly FSR from the 𝑍𝑍 

 
1. Transverse energy of    
     the photon  
     (with respect to the beam) 

2. Separation from the  
     closest muon 
Δ𝑅𝑅𝜇𝜇𝜇𝜇 = 𝜙𝜙𝜇𝜇 − 𝜙𝜙𝜇𝜇

2
+ 𝜂𝜂𝜇𝜇 − 𝜂𝜂𝜇𝜇

2
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top-quark: mass 
di-leptonic events Kinematic observable: 𝑚𝑚ℓ𝑏𝑏

2  

𝑚𝑚ℓ𝑏𝑏
2 =

𝑚𝑚𝑡𝑡
2 − 𝑚𝑚𝑊𝑊

2

2  1 − cos𝜃𝜃ℓ𝑏𝑏  

  kinematic endpoint at 

max(𝑚𝑚ℓ𝑏𝑏) ≈ 𝑚𝑚𝑡𝑡
2 − 𝑚𝑚𝑊𝑊

2  

Combinatorics: choose 
• b-jet with max. 𝑝𝑝𝑇𝑇 
• ℓ which gives minimum 𝑚𝑚ℓ𝑏𝑏 

𝑚𝑚ℓ𝑏𝑏
min 

CMS-PAS-TOP-14-014 



Achim Stahl, RWTH Aachen 21 

top-quark: mass 
di-leptonic events Kinematic observable: 𝑚𝑚ℓ𝑏𝑏

2  

𝑚𝑚ℓ𝑏𝑏
2 =

𝑚𝑚𝑡𝑡
2 − 𝑚𝑚𝑊𝑊

2

2  1 − cos𝜃𝜃ℓ𝑏𝑏  

  kinematic endpoint at 

max(𝑚𝑚ℓ𝑏𝑏) ≈ 𝑚𝑚𝑡𝑡
2 − 𝑚𝑚𝑊𝑊

2  

Combinatorics: choose 
• b-jet with max. 𝑝𝑝𝑇𝑇 
• ℓ which gives minimum 𝑚𝑚ℓ𝑏𝑏 

𝑚𝑚ℓ𝑏𝑏
min 

CMS-PAS-TOP-14-014 



Achim Stahl, RWTH Aachen 22 

top-quark: mass 
di-leptonic events Kinematic observable: 𝑚𝑚ℓ𝑏𝑏

2  

𝑚𝑚ℓ𝑏𝑏
2 =

𝑚𝑚𝑡𝑡
2 − 𝑚𝑚𝑊𝑊

2

2  1 − cos𝜃𝜃ℓ𝑏𝑏  

  kinematic endpoint at 

max(𝑚𝑚ℓ𝑏𝑏) ≈ 𝑚𝑚𝑡𝑡
2 − 𝑚𝑚𝑊𝑊

2  

Combinatorics: choose 
• b-jet with max. 𝑝𝑝𝑇𝑇 
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𝑚𝑚𝑡𝑡 = 172.3 ± 0.3stat ± 1.3sys GeV 
CMS-PAS-TOP-14-014 
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top-quark: mass 
Summary of previous measurements: 

New measurement: 
 𝑚𝑚𝑡𝑡 = 172.3 ± 0.3stat ± 1.3sys GeV 

𝑚𝑚ℓ𝑏𝑏
min 

single  
most 
precise  
measurement 
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The Higgs-Boson 
What‘s new ? 

July 2012: Observation of a new boson 
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The Higgs-Boson 

arXiv:1503.07589v1 
0.2% precission ! 
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Higgs Properties 

Mass: 125.09 ± 0.24 𝐺𝐺𝐺𝐺𝐺𝐺 
5 measured decays 
couplings (see plot) 
SpinP: 0+ 
CP-Parity: + favoured, 
         pure – excluded 
Width: Γ𝐻𝐻 < 4 Γ𝑆𝑆𝑆𝑆 
Limits on 𝐻𝐻 → 𝜏𝜏𝜏𝜏 
Limits on FCNC (𝑡𝑡 → 𝑞𝑞𝐻𝐻) 
Limits on invisible decays 
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Invisisble Higgs-Decays 

jet 1 

jet 2 invisible 

Selection through jet-kinematics: 
𝜂𝜂𝑗𝑗 ,Δ𝜂𝜂𝑗𝑗𝑗𝑗 ,  𝑝𝑝𝑇𝑇 𝑗𝑗 ,𝑀𝑀𝑗𝑗𝑗𝑗 

𝐸𝐸𝑇𝑇𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚,Δ𝜙𝜙 𝐸𝐸𝑇𝑇𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚, 𝑗𝑗  

Parked trigger: 
di−jet: 𝑝𝑝𝑇𝑇 > 35 30  𝐺𝐺𝐺𝐺𝐺𝐺, VBF−tag 

𝓑𝓑 𝐻𝐻 → inv.  < 57%  (40% exp.) 
combined with ZH 

𝓑𝓑 𝐻𝐻 → inv.  < 47%  (35% exp.) 

CMS-PAS-HIG-14-038 
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More Higgs? 
Many models predict more than 1 Higgs-Boson: Do we see any signs? 

Searches in many channels 

arXiv:1504.00936v1 
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Electroweak Fit 
3 parameters define the e.w. part of the S.M.: 

𝑣𝑣,𝑔𝑔,𝑔𝑔′ 
for example: 

𝑀𝑀𝑊𝑊 =
𝑣𝑣 𝑔𝑔

2

𝑀𝑀𝑍𝑍 =
𝑣𝑣 𝑔𝑔2 + 𝑔𝑔′2

2

cos𝜃𝜃𝑊𝑊 =
𝑔𝑔

𝑔𝑔2 + 𝑔𝑔′2

 

use most precise measurements 
• 𝛼𝛼 (Lamb-shift: Δ𝛼𝛼

𝛼𝛼
= 3 10−10) 

• 𝐺𝐺𝐹𝐹 (myon lifetime: ΔGF
GF

= 5 10−7) 

• 𝑀𝑀𝑍𝑍 (LEP line shape: Δ𝑆𝑆𝑍𝑍
𝑆𝑆𝑍𝑍

= 2 10−5) 

now we know  
the Higgs mass! 



Achim Stahl, RWTH Aachen 34 

Electroweak Fit 
3 parameters define the e.w. part of the S.M.: 
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use most precise measurements 
• 𝛼𝛼 (Lamb-shift: Δ𝛼𝛼

𝛼𝛼
= 3 10−10) 

• 𝐺𝐺𝐹𝐹 (myon lifetime: ΔGF
GF

= 5 10−7) 

• 𝑀𝑀𝑍𝑍 (LEP line shape: Δ𝑆𝑆𝑍𝑍
𝑆𝑆𝑍𝑍

= 2 10−5) 

now we know  
the Higgs mass! 

W-mass perdiction with 10−4 precision 
http:://cern.ch/gfitter 

Big success of the 
Standard Model 
and our theory 

colleagues 



35 

Searches BSM-Searches  
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Major Searches completed in 2013 

No smoking gun! 

Now checking more exotic scenarios. 

Ensure nothing is missed. 
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Longlived Neutralinos  

𝒒𝒒� 

𝒒𝒒 
𝝌𝝌𝟎𝟎�  

𝝁𝝁+ 

𝝁𝝁− 𝝂𝝂 

Search for longlived particles that decay into a pair of myons. 
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Two Analysis: 
• tracks from the tracker 
• tracks from the myon detector 

potential model interpretation: 
 𝑝𝑝𝑝𝑝 →  𝑞𝑞�𝑞𝑞�

                            𝑞𝑞�  →  𝜒𝜒0�  𝑞𝑞
                                                       𝜒𝜒0�  → 𝜏𝜏+𝜏𝜏−𝜈𝜈

 

No events found! 

CMS-PAS-EXO-14-012 



Achim Stahl, RWTH Aachen 38 

Longlived Neutralinos  

𝒒𝒒� 

𝒒𝒒 
𝝌𝝌𝟎𝟎�  

𝝁𝝁+ 

𝝁𝝁− 𝝂𝝂 

Search for longlived particles that decay into a pair of myons. 

tr
ac

ke
r  

  c
al

or
im

et
er

   
   

   
   

   
 m

uo
n 

de
te

ct
or

 

Two Analysis: 
• tracks from the tracker 
• tracks from the myon detector 

potential model interpretation: 
 𝑝𝑝𝑝𝑝 →  𝑞𝑞�𝑞𝑞�

                            𝑞𝑞�  →  𝜒𝜒0�  𝑞𝑞
                                                       𝜒𝜒0�  → 𝜏𝜏+𝜏𝜏−𝜈𝜈

 

No events found! 

CMS-PAS-EXO-14-012 
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SUSY-Searches 
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SUSY-Searches 

Major Searches completed in 2013 

No smoking gun! 

Now checking more exotic scenarios. 

Ensure nothing is missed. 

But 
we only collected 1% of the LHC Luminosity @ half the center-of-mass energy 



Long Shutdown I 

41 



Achim Stahl, RWTH Aachen 42 

LS1 - Overview 
Hadron Outer (SiPMs)  Myons 

Completion of forward detector  
- 4th  layer in ME 
- RPCs to η=4  

New Beam Pipe  

Tracker -20° 

New Pixel (2016) BRIL: Beam Monitoring 
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Tracker Cooling 

tracker must be operated at low temperature to reduce impact of radiation 

cooling capacity upgraded – environmental insulation improved 



Achim Stahl, RWTH Aachen 44 

Myon Endcaps: 4th layer 

CMS designed with 4 layers of myon detectors 
Barrel: complete 
Endcap:  4th layer missing, completed in LS1 
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New Beam Pipe 

New beam pipe (OD 58𝑚𝑚𝑚𝑚 → 45𝑚𝑚𝑚𝑚) 
In prepartion of new pixel detector  
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Ready for Run II ! 



Run 2 
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Waiting for surprises 



Outlook – HL-LHC 
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High-Lumi LHC 
Upgrade of the LHC implies a CMS detector upgrade 
• improved triggers and electronics to cope with higher rates 
• replacement of detector components at the end of their lifetime 

Goal: Same performance as today in a much harsher environment. 
 

R&D in progress 



Conclusions 
• Many interesting results from RUN 1 
• Consolidation of detector during LS1 
• Ready for Run 2 

Stay tuned! 
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Thanks 



Achim Stahl, RWTH Aachen 51 

Backup 
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LHC schedule 

today 

towards first collisions …  
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