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New Physics  -  Direct vs. Indirect Searches 

Direct Indirect 

1989: Voyager 2 
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New Physics  -  Direct vs. Indirect Searches 

Direct Indirect 
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Indirect searches 

Advantage: 
 

• Model Independent:  
      “Here is something going wrong.” 
 
• Search beyond limits of direct search: 
     i.e. virtual particles 

 
Challenge: 
 

• Precise theory predictions  (SM) 
 

• Precise measurements (LHC) 
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Example from the past 

3 quarks:  u quark couples to d and s 
 

𝐾𝐿 → 𝜇+𝜇− 

1969: 

|𝑑𝐼⟩ =    cos Θ𝑐 |𝑑 ⟩  +  sin Θ𝑐 |𝑠 ⟩ 
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Example from the past 
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Example from the past 

Solution: 
Additional Amplitude in decay due to 
4th quark (named charm) 

Mixing Matrix  
Unitarity -> 2D: only 1 free parameter 
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The CKM Matrix 

Mixing Matrix  
3D:  4  free parameter,  3 real, 1 complex! 

Makoto Kobayashi 

Toshihide Masukawa 

Nobel Prize 2008 
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“The” CKM triangle 
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Why “b” ? 

Theory: 
 
• CKM: b quark prefers to decay in top quark   Forbidden! 
 Second order diagrams up to same size as first order diagrams 
 
• b sector well understood 
 
 
Experiment: 
 
• large cross section 
 
• about 400 different B+ decays observed 
 
• clean detection signature 
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= branching ratio of rare decays 

 = angular distribution 

= CP violation 
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Theory uncertainties cancel in ratio: 
particle/antiparticle 

forward direction/backward direction 



B Box Diagram 

𝑖
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Schrödinger equation 

Feynman Diagram 

nondiagonal matrices 
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B oscillation 
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Unmixed:    Bs
0 → Ds

−π+  
 

Mixed:         Bs
0 → 𝐵0

𝑠 → Ds
+π−  

ideal case 

Bs
0 → Ds

−π+  

with resolution 

with resolution and tagging 



B oscillation 

Bs
0 → Ds

−π+  

Decay time resolution 
~40-50fs 
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Unmixed:    Bs
0 → Ds

−π+  
 

Mixed:         Bs
0 → 𝐵0

𝑠 → Ds
+π−  



Requirements on the detector 
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• decay time resolution 
 

• momentum resolution 
 
• background rejection 

 
• vertexing 

 
• particle identification 

 
 

• less significant:   luminosity 
 

 



LHCb collaboration 

17 

1048 Members, 67 Institutes, 16 Countries  (15. Apr. 2014) 



The Cavern 

18 



The Detector 
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VErtex 
LOcator 

Magnet 
Myon 
Detektor 

RICH 
PID 

Tracking 
Stationen 

The Detector 
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8.4 cm 

VErtex LOcator 

LHCb ATLAS CMS 

σx,y 15 μm   60 μm 30 μm 

σz 80 μm 100 μm 50 μm 

Primary Vertex resolution 

σct ~45fs ~150fs ~78fs 

Decay time resolution 
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Outer Tracker (Heidelberg!) 

OT double layer cross section 

5mm straws 

pitch 5.25 mm 

Track 

e- 
e- 

e- 

e- 

e- 

Similar to Geiger-
Müller counter 
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View through the Magnet 

23 



Momentum and Mass resolution 

momentum 
resolution 

mass resolution 
𝐉/𝚿 → 𝛍+𝛍− 

LHCb 0.4-0.6% 13 MeV 

CMS 1-3% 40 MeV 

ATLAS 5-6% 71 MeV 
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Cherenkov Light 

θ 

. 
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Ring Imaging CHerenkov 
Detector 
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Without RICH With RICH 
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“pion” = pion or kaon pion = pion,  kaon = kaon 



Summary 

• Indirect searches for new Physics 
 
 
• B system perfect location to look at 
 
 
• LHCb detector optimized for best precision 
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