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Standard Model: Open questions 

•  Consistent description of all  
     four fundamental interactions? 

 
 
• Dark matter, dark energy? 

 
 
 

Search for New Physics: 
 
Option 1: Direct search for new 
particles at high energies 

Option 2: Precise determination of 
Standard Model predictions at moderate 
energies 
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The weak mixing angle 

      sin²QW: a central parameter in the Standard Model 
 

Tree level relations: 
   
• Electric charge 

 
• Masses of W  and Z Boson 

 
• Myon decay constant 

                                                 
                                                   



Standard model relations for the weak mixing angle 

  
Tree level relations: 
   
• Electric charge 

 
• Masses of W  and Z Boson 

 
• Myon decay constant 
 
 
Including radiative corrections:  
 
 
 
with 
 
Absorb universal quantum corrections in an effective, running  
weak mixing angle: 

                                                 
                                                   

  
or                         mit µ as energy scale 



Scale dependency of  sin²QW                                                           



Measurements of sin²QW                                                           



Physics beyond the Standard Model 

Weak charges of proton and electron (tree level): 
 
 Proton QW(p) =  1-4sin²QW   

 Electron QW(e) =   -1+4sin²QW  

Standard Model 
extensions: 
 
 Characteristic  
 shifts in  
 QW(p) und QW(p) 
 
• Measurements of  
 QW(p) and QW(p) 
 are complentary 



Super Symmetric Models 

Example: Super symmetric Standard Model extension (SuSy) 
with and without R-Parity violation  

Shifts in the weak 
charges of p und e- 
 
 Blue dots:  
 Minimal super- 
  symmetric models 
 
• Red "Ellipse": 
 Allowed range 
 for R-parity 
 violating super- 
 symmetric models 

M. Ramsey-Musolf 



Running of sin2 θW and Dark Parity Violation 

Bill Marciano 

Possible P2 Q2-Range 

W. Marciano 



Parity violating electron scattering 
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Parity violating electron scattering  

Asymmetry in the cross section of elastic electron-proton scattering 
for left- and right-handed polarized electrons 

The weak charge of the proton (tree level): 

1.5% precision in QW(p) results in a precision of 0.13% in sin²QW 



Precision Studies 

The parity violating asymmetry can be written as 
 
 
 
 
 
with the form factor contribution 
 
 
 
with 
 



Precision Studies 

The parity violating asymmetry can be written as 
 
 
 

Asymmetry contributions for the MESA beam energy of 155 MeV 



Precision Studies 

The parity violating asymmetry can be written as 
 
 
 

Prediction of the achievable precision: 
• The measured asymmetry can be written as 
 
 
 
• Solve this equation for sin²QW, denoted here as s²W 

 
 

 
• Perform error propagation calculation based on a Monte Carlo algorithm 
 
 



Precision Studies 

Input parameters for error propagation:  
 
 
 
 

Proton form factors of the proton from 
Bernauer et al.: 
 
 
 
 
 
 
 
 
 
 
Neutron form factors from M. El Yakoubi;  
 
 
 
 
 
 
 
Strangeness and Isobreaking form factors... 



Achievable precision in sin²QW 

Find the optimal kinematics for the experiment: 
Variation of the scattering angle and the beam energy 
 
 
 
 



Achievable precision in sin²QW 

Beam energy:  E=155 MeV 
 
 
 
 



Achievable precision in sin²QW 

P2 Experiment 
conditions 



Achievable precision in sin²QW 

P2 Achievable 
precision 



Achievable precision in sin²QW 

Statistics 



Achievable precision in sin²QW 

Statistics 

Form factors 



Achievable precision in sin²QW 

Statistics 

Form factors 

Target windows 



Achievable precision in sin²QW 

Statistics 

Form factors 

Target windows 

Beam polarization 



Achievable precision in sin²QW 

Statistics 

Form factors 

Target windows 

Beam polarization 
False 
 Asymmetries 



Spectrometer design 

Principle:  
• Detect elastically scattered electrons 
• Reject background events 



Monte Carlo Studies 

Full GEANT4 simulation with CAD Interface 
 
First step: Generate ensemble of initial states in the target 



Monte Carlo Studies 

Full GEANT4 simulation with CAD Interface 
 
First step: Generate ensemble of initial states in the target 

Spatial distribution of sampled vertices for ep scattering in the target 



Monte Carlo Studies 

Second step: Particle tracking  
through the magnetic field 

Magnetic flux density 
 (z component) 

Magnetic flux density 
(radial component) 



Detector development 

Cover the whole azimuth with a radiation hard, fast detector  

Ring detector consisting 
of 82 fused silica bars Single detector element 



Monte Carlo Studies  

• MC Simulations for generation of  
     Cherenkov light within the fused  
     silica bars and the propagation of  
     the photons in the material 

Beam  
pipe 

Table for translation  
and rotation 

Fused Silica Light guide Trigger scintillator 

• Beamtests at MAMI  
     - electrons  
 - photons 
 



Benchmark Simulations with Measurments 

Cherenkov detectors: Comparison experiment with MC simulation  

Photo-electron yield vs. 
incident angle  from experiment 
and from MC simulation 



Result of Monte Carlo Studies 
Predicted photo currents at the photocathodes from 

particles hitting the detector 



P2 experiment: Installation at a new accelerator facility 

Mainz Energy recovering Superconducting Accelerator    



Spectrometer design 

Current  CAD design of the P2 apparatus 



Further physics program: Measurement with 12C 



Further physics program: Measurement with 12C 

Raytracing study for the P2 solenoid: 



Further physics program: Measurement with 12C 

Weak charge of the 12C nucleus: 
 
 
Precision in the Weak Mixing Angle is dominated by Polarization uncertainty 

Achievable precision, E=150 MeV, T=2500h 



Further physics program: Measurement with 12C 

• Complimentary sensitivity to certain classes of new physics 
models 
 

• Weak charged of different targets expressed with the  
     Peskin-Takeuchi parameters: 



Further physics program: Neutron skin 



Further physics program: Neutron skin 



Further physics program: Neutron skin 



Further physics program: Neutron skin 

Projected precision compared to PREX: 



Summary and outlook 

• P2: A new experiment to measure the weak mixing angle at 
low energy 
 

• Makes use of the polarized high current electron beam from 
the new MESA accelerator 
 

• Extensive simulations and beam tests at MAMI 
  

• Dsin²QW=3.7x10-4 (0.16%) expected: Sensitive for BSM 
physics  
 
 

• Construction is scheduled to begin end of year 2020 


