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Outline 

S. Baunack, Annual meeting of the GDR 
PH-QCD, Saclay 

- MAMI-Shutdown: 1.9.-21.10. 2013 
- Clearing of MESA Hall-2  
- Moving of MAMI beamline instrumentation 
- Erection of shielding 

• The new MESA accelerator in Mainz 
 
• Experiments in ERL mode                 

(Energy recovering mode) 
 

• P2: Experiment in EB mode  
   (External beam mode) 
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Hadron physics in Mainz 

S. Baunack, Annual meeting of the GDR 
PH-QCD, Saclay 

... A lot of developments in the past five years!of shielding 

New Collaborative Research Center at Johannes 
Gutenberg-University Mainz: 
The Low-Energy Frontier of the Standard Model 
From Quarks and Gluons to Hadrons and Nuclei. 

German excellence initiative: Cluster of Excellence 
"Precision Physics, Fundamental Interactions and 
Structure of Matter" (PRISMA) 

Helmholtz Institute Mainz: 
Structure, Symmetrie and Stability of Matter and Antimatter 
Close cooperation between Mainz Univsersity and GSI Darmstadt 
 

http://www.prisma.uni-mainz.de/
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Hadron physics in Mainz 

S. Baunack, Annual meeting of the GDR 
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... A lot of developments in the past five years!of shielding 

New Collaborative Research Center at Johannes 
Gutenberg-University Mainz: 
The Low-Energy Frontier of the Standard Model 
From Quarks and Gluons to Hadrons and Nuclei. 

Project P2:  
The weak charge of the proton 

MESA: 
Mainz energy recovering  

superconducting accelerator 

http://www.prisma.uni-mainz.de/
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MESA-Hall-1 

MESA-Hall-2 

Shielding 

Experimental Hall 

High power 
beam dump 

Shaft building 

Basic idea of a new accelerator at MAMI facility  

S. Baunack, Annual meeting of the GDR 
PH-QCD, Saclay 

- MAMI-Shutdown: 1.9.-21.10. 2013 
- Clearing of MESA Hall-2  
- Moving of MAMI beamline instrumentation 
- Erection of shielding • MAMI continues operation 

separately from MESA 
construction or operation 

• MESA takes over low energy 
experiments (E<200 MeV) 

• No new building needed 
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Concept of MESA 

S. Baunack, Annual meeting of the GDR 
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- MAMI-Shutdown: 1.9.-21.10. 2013 
- Clearing of MESA Hall-2  

- Moving of MAMI beamline instrumentation 
- Erection of shielding 

Mainz energy recovering  
superconducting accelerator 

1.3 GHz c.w. beam 
Normal conducting injector LINAC 
Superconducting cavities in recirculation beamline  
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Concept of MESA 
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- MAMI-Shutdown: 1.9.-21.10. 2013 
- Clearing of MESA Hall-2  

- Moving of MAMI beamline instrumentation 
- Erection of shielding 

Mainz energy recovering  
superconducting accelerator 

ERL mode (Energy recovering mode): 
10 mA, 100 MeV unpolarized beam (pseudo 
internal gas hydrogen target L~1035 cm-2s-1)  

1.3 GHz c.w. beam 
Normal conducting injector LINAC 
Superconducting cavities in recirculation beamline  



November 26, 2013 8 

Concept of MESA 

S. Baunack, Annual meeting of the GDR 
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- MAMI-Shutdown: 1.9.-21.10. 2013 
- Clearing of MESA Hall-2  

- Moving of MAMI beamline instrumentation 
- Erection of shielding 

Mainz energy recovering  
superconducting accelerator 

EB mode (External beam): 
300 µA, 150 MeV polarized beam (liquid 
Hydrogen target L~1039 cm-2s-1)  

ERL mode (Energy recovering mode): 
10 mA, 100 MeV unpolarized beam (pseudo 
internal gas hydrogen target L~1035 cm-2s-1)  

1.3 GHz c.w. beam 
Normal conducting injector LINAC 
Superconducting cavities in recirculation beamline  
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 MESA:  Beam parameter  

S. Baunack, Annual meeting of the GDR 
PH-QCD, Saclay 

•  In-plane Shielding:  min 40cm Iron +  
       2 Meter heavy concrete 
• Request to RP-authorities this fall….  
• ..to get permission to work during  
      MAMI-operation  in MESA Hall-2 (2014/15)   
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 MESA:  Polarized source layout  

S. Baunack, Annual meeting of the GDR 
PH-QCD, Saclay 
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 MESA:  Cryomodules  

S. Baunack, Annual meeting of the GDR 
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MESA-Hall-1 

MESA-Hall-2 

Shielding 

Experimental Hall 

Shaft building 

 MESA:   Preparatory Work  

S. Baunack, Annual meeting of the GDR 
PH-QCD, Saclay 

•  In-plane Shielding:  min 40cm Iron +  
       2 Meter heavy concrete 
• Request to RP-authorities this fall….  
• ..to get permission to work during  
      MAMI-operation  in MESA Hall-2 (2014/15)   
 

Broom indicates size….. 
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 MESA:  Lattices under investigation  

S. Baunack, Annual meeting of the GDR 
PH-QCD, Saclay 



MESA-Lattice concept  
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D. Simon/K.H. Kaiser „Double axis“ acceleration, CEBAF inspired 



MESA-Layout 

Features: 
1.) Minimized intrusion into building  
2.) Beam transport EB/ERL trough lattice feasible 
3.) Can be made compatible with four seater cryomodules 
4.) Energy doubling  seems in principle feasible 
     (200MeV ERL/300MeV EB)   

November 26, 2013 S. Baunack, Annual meeting of the GDR 
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D. Simon 



MESA: Outlook 

Features: 
1.) Minimized intrusion into building  
2.) Beam transport EB/ERL trough lattice feasible 
3.) Can be made compatible with four seater cryomoules 
4.) Energy doubling  seems in principle feasible 
     (200MeV ERL/300MeV EB)   
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D. Simon 



Experiments in ERL mode 

Features: 
1.) Minimized intrusion into building  
2.) Beam transport EB/ERL trough lattice feasible 
3.) Can be made compatible with four seater cryomoules 
4.) Energy doubling  seems in principle feasible 
     (200MeV ERL/300MeV EB)   

November 26, 2013 S. Baunack, Annual meeting of the GDR 
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D. Simon 

Use pseudo-internal target 
10 mA, 100 MeV unpolarized beam (L~1035 cm-2s-1)  
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Experiments in ERL mode  

S. Baunack, Annual meeting of the GDR 
PH-QCD, Saclay 

High resolution double 
spectrometer 
 
• Dark photon search 
• Nucleon structure 
• Nuclear physics 
• ... 

 
 
 

Design and calculations 
already done 
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Dark photon search  

S. Baunack, Annual meeting of the GDR 
PH-QCD, Saclay 
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Dark photon: Exclusion limits from existing 
experiments  

S. Baunack, Annual meeting of the GDR 
PH-QCD, Saclay 
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Dark photon: First measurements at MAMI  

S. Baunack, Annual meeting of the GDR 
PH-QCD, Saclay 

Performed by A1 collaboration 
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Dark photon: Feasibility study for MESA  

S. Baunack, Annual meeting of the GDR 
PH-QCD, Saclay 
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Dark photon search: Explorable range with 
MAMI and MESA  

S. Baunack, Annual meeting of the GDR 
PH-QCD, Saclay 



Experiment in EB mode: P2 

Features: 
1.) Minimized intrusion into building  
2.) Beam transport EB/ERL trough lattice feasible 
3.) Can be made compatible with four seater cryomoules 
4.) Energy doubling  seems in principle feasible 
     (200MeV ERL/300MeV EB)   

November 26, 2013 S. Baunack, Annual meeting of the GDR 
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D. Simon 

External beam, no energy recovery 
300 µA, 150 MeV polarized beam (L~1039 cm-2s-1)  
 



The weak mixing angle sin²QW(µ)                                                           

Measurements: 
 
•  Atomic parity 

violation 
 
• Neutrino scattering 
• LEP and SLAC 

 
• Tevatron 
 
• Q-weak (finished 

data taking) 
 

• Moller (planned) 
 

• P2 (planned) 
  November 26, 2013 S. Baunack, Annual meeting of the GDR 
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Standard model relations 
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Standard model relations 
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The weak charge and supersymmetric models 
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Weak charges: Sensitivity to new physics 

  Complementary access by weak charges of proton and electron 
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New physics: The dark sector 

Mass mixing:   

Dark Photon A’:                                     Dark Z’: 

Davoudiasl, Lee, Marciano: 
Phys.Rev. D85 (2012) 115019 

Complementary to direct heavy  
photon searches: 
Lifetime/branching´ratio 
Model dependence 
vs. mass mixing assumption  
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The weak charge of the proton 

Qe( p)=+e

electric charge of the proton 

Qw( p)=1−4sin2
(θW )

weak charge of the proton 

 The weak charge provides access to the weak mixing angle. 
November 26, 2013 S. Baunack, Annual meeting of the GDR 
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Experimental access to QW(p): Elastic ep-scattering 

long. polarized 
beam electrons proton - target 

detector 

Cross section:            ~  σep

2 

~  ∣M
γ
+M Z∣

2

R
±

h=
s⃗⋅p⃗

∣⃗s⋅p⃗∣
+:h=+1
−:h=−1

+ 

APV=
−GF Q

2

4√2πα
(QW ( p)−F (Q

2
))

F (Q
2
)=F EM (Q

2
)+F Axial(Q

2
)+F Strange(Q

2
)

Qw( p)=1−4sin
2
(θW )(μ)

Weak charge of the proton: 
Proton structure: 

Q²       0: 

At low momentum transfer: 
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Precision of P2: Monte-Carlo-Studies 

 Beam energy: 200 MeV 
 
 Beam current: 150 µA 
 
 Polarization: 85%    0.5% 
 

 
 

 
 
 Target: 60 cm liquid hydrogen 
 
 Measuring time: 10000 h 

θlab=20°±10°

Δϕ=2π

±

Q2 0.0048 GeV2 

Aphys -20.25 ppb 

ΔAtot 0.34 ppb (1.7 %) 

ΔAstat 0.25 ppb 

ΔAsys 0.19 ppb (0.9%) 

Rate 0.44 1012 Hz 

Δsin2 θW stat 2.8 10-4 

Δsin2 θW tot 3.6 10-4 (0.15 %) 

Proposed experimental conditions: 

November 26, 2013 S. Baunack, Annual meeting of the GDR 
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P2: Sketch of the experiment 

GEANT simulations: General concept of the experiment (Solenoid or Toroid solution) 
Detector development: Detector materials, PMT, light guides 
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P2: Geant simulations Aim: Separation of  
elastically scattered  
electrons from back- 
ground events 
 
- Full GEANT4 simulations  
   with solenoid 
   and toroid fields 
 
-  Solenoid setup is favored 
    (compact setup) 
 
-  Iterative optimization of  
    field strenghts, collimators  
    etc. 
 
- Solenoid solution seems 
   feasible 

Magnetic field Collimators 

Target 

Elastically 
scattered  
electrons 

Moller electrons 



P2 Test beam at MAMI accelerator 

Test beam site 
E = 855 MeV 

November 26, 2013 S. Baunack, Annual meeting of the GDR 
PH-QCD, Saclay 

36 

http://wwwkph.kph.uni-mainz.de/B1/pictures/Hallenplan-Jahresbericht.pdf


Setup at test area 

Light tight box 

Beam pipe exit 

Translation 
table 

Trigger 
scintillators 
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P2 detector materials 

Quartz bar: Fused silica Spectrosil 2000 
Dimensions: 30 cm x 7 cm x 1 cm 
flame polished / unpolished 

Trigger: Two plastic scintillators 
  EPJ-204 

  from A4 electron tagger system 
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Fused silica: Surface quality 
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Light guide foiles and wrapping material 
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P2 test setup 

Quartz: Fused silica Spectrosil 2000 
             Dimensions: 30 cm x 7 cm x 1 cm 
             flame polished / unpolished 
 
Light guide: Air 
Reflectors: Alanod 4300 UP 
                  Mylar 
 
PMT: EMI 9305 QKMB from Electron tubes 
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List of  

measurements 

About 100 runs taken 
Variation of 
 
• Flame polished/unpolished  
• Wrapping 
• Light guide material 
• Impact positions 
• Orientation 
 

 
 

      

Setup Varying parameter 

Spectrosil 2000 polished 

Wrapped with Alanod 

Light guide: Alanod 

Different impact positions  

horizontal, vertical 

In total 25 runs 

Spectrosil 2000 polished 

Wrapped with Millipore 

Light guide: Alanod 

Different angles 

In total 15 runs 

Spectrosil 2000 unpolished 

Light guide: Alanod 

Unwrapped, Wrapped 

45°, 90° 

In total 6 runs 

Spectrosil 2000 polished 

Wrapped with Millipore 

Lightguide: Mylar 

Different angles 

In total 12 runs 

Spectrosil 2000 polished 

Wrapped with Alanod  

No Lightguide 

Different impact positions 

In total 19 runs 

Spectrosil 2000 polished 

Wrapped with Mylar  

No Lightguide 

Different impact positions 

In total 9 runs 

Spectrosil 2000 polished 

Wrapped with Millipore 

No lightguide 

Different impact positions 

Different angles 

In total 13 runs 
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Beam test with different orientations 

•  Spectrosil 2000 polished, wrapped with Millipore 
     
• Light guide: Mylar 
  

electron beam 

90° 

45° 

60° 



Beam test with different impact positions 

•  Spectrosil 2000 polished, wrapped with Alanod, 45° orientation 
      Light guide Alanod 
     
• Move translation table horizontally in steps of 1 cm or 2 cm 
  

Position: 1 mm 
... 
Position 72 mm (quartz center) 
... 
Position 92 mm 



Beam test with different lightguide materials 

• Spectrosil 2000 wrapped with Millipore, 45° orientation   
• Light guide materials: Alanod 4300 UP, Mylar, No lightguide (PMT direct at Quartz)  
     
• Note: Different electron rates, different measurement times and different pedestals 
  

P.E. yield ratios: 
  No Lightguide:Mylar = 260:88 = 3.0 
No Lightguide:Alanod = 260:79 = 3.3 
             Mylar:Alanod =   88:79 = 1.1 



Beam test with different quartz setups 

• Spectrosil 2000 with 45° orientation   
     Light guide material: Alanod 4300 UP 
     
• Note: Different electron rates and different measurement times 
  



Beam test with optical filters 

Random 
clock 



P2: Outlook 



Summary 

 MESA: New accelerator project at MAMI, Mainz 
 High currents at moderate beam energies E<300 MeV 
 

 
 Experiments with ERL mode 
 High resolution double spectrometer 
 Dark photon searches 

 
 
 Experiment with EB mode: P2 
 Precise measurement of the weak mixing angle 
 Provides strong tests of the Standard Model  

 
 

 Thanks to: K. Aulenbacher, T. Beranek, F. Maas, H. Merkel 
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