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Outline
• Accelerator facilities MAMI/MESA

• Beam Normal Single Spin asymmetries
• BNSA with hydrogen target (A4 collaboration)

• BNSA with heavier nuclei (A1 collaboration)

• P2 Experiment
• Search for new physics: precision determination of sin²QW

• Present status

• Spin asymmetries at MAGIX
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Mainz Energy recovering

Superconducting Accelerator: 

MESA

• Emax (e-) 155 MeV
• Imax: 1 mA

• Polarization 85%
• CW beam

MAGIX:
High precision
electron
scattering

P2:
Weak
mixing
angle

DarkMESA: 
Dark sector
particles
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Beam normal spin asymmetries
• Transversely polarized electrons

• Unpolarized nuclei

• Cross section asymmetry: Two-photon 

exchange

• Theoretical treatment of An is non-trivial: All 

possible intermediate states need to be

related to the absorptive part of Mgg
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BNSA: Hydrogen results

⚫ Excited intermediate 

nucleon states play an 

important role

⚫ Significant discrepancies

with the theoretical

predictions

Measurements by the A4 

collaboration at MAMI

• Scattering angle 35°

• Various beam energies

B. Gou et al., Phys. Rev. Lett. 124, 122003, 2020



BNSA: Heavier nuclei



BNSA: Heavier nuclei

• Measurements with C-12



BNSA: Heavier nuclei

• More nuclei…



BNSA: Heavier nuclei

• Most recent: 208Pb

A. Esser et al., submitted to PRL
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The Weak Mixing Angle



The running of sin²QW
• Scale dependence of sin²Qw

• Z-Pole: High precision, some
tension between results

• Low Q: Large experimental 
uncertainties



Beyond the Standard Model



Example: Dark Parity Violation



Parity violating ep scattering



Parity violating ep scattering



Parity violating ep scattering



Precision studies

Find the best kinematics in the energy/scattering angle plain:



Precision studies

Ebeam=155 MeV



P2 Experiment
• Electron beam,

E=155 MeV, I=150 µA

• Target: 60 cm liquid 
hydrogen

• Superconducting solenoid,

Bmax= 0.7 T

• Electron detection: 72 fused
silica bars

• Q² determination: Tracking 
detector (HV-MAPS)

• Backward angle detector
(Micromegas)
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P2: Cherenkov detectors
• 72 detector modules

• Material: Fused silica

(Spectrosil 2000, Heraeus)

• Fast, radiation hard

• Light readout by PMT

(9305 QKB from ET)



P2: Installation in progress

Experimental hall

Fused silica bar
PMT

Electronics

Power supplies

Hydrogen buffer



P2: Cryogenics



Installation at 

MESA



Test beam at MAMI

Electrons
180 MeV up to 885 MeV

Photons 
10 MeV up to 1.6 GeV

Radiation hardness



Test with electrons
• Beam rate 1 kHz … 10 MHz

0.1 fA … 1 pA

• Beam rate 0.5 GHz … 3 GHz
100 pA … 0.5 nA

• Prototype testing



Test with electrons



Benchmarking the simulation



Tests with tagged photons



Tests with photons



Radiation hardness tests



Radiation hardness tests



Radiation hardness tests



Measurement with carbon-12

• Complimentary sensitivity to certain classes 

of new physics models 

• Improved beam polarization measurement 

required

=> Large asymmetry: 400 ppb



P2:  further program

• 12C: Complementary sensitivity
to new physics

• Two photo exchange amplitude
• 208Pb: Neutron skin



P2:  program
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Sherman function of nuclear resonances
• MESA beam energies and MAGIX spectrometers ideal for measuring low-energy nuclear resonances

• Resonances can constrain bulk nuclear properties  

• Possible correlation between dipole response (e.g., giant, pygmy dipole resonances) and neutron 

skin thickness 𝑅𝑛𝑝?

• Low-lying inelastic states background to 𝑅𝑛𝑝 measurements with 

elastic parity-violating electron scattering (e.g. CREX, MREX)

• Polarized electron scattering observables contain additional 

sensitivity to structure of inelastic states

• Sherman function (or analyzing power): 

transverse (vertical) spin asymmetry

𝑆 =
𝜎↑ − 𝜎↓

𝜎↑ + 𝜎↓

• Accessible at MAGIX with polarized MESA beam 
Figure adapted from Prog. Part. Nuc. Phys. 106, 360 (2019)

https://doi.org/10.1016/j.ppnp.2019.02.001


Summary and outlook

➢ MAMI: Measurement of BNSA for various nuclei

➢ MESA-P2: High precision determination of sin²QW at low Q²

• Search for BSM physics

• Extensive detector R&D

• Start of measurements: Q4/2026

➢ MESA-MAGIX: Spin asymmetries for giant dipol resonances



Precision studies

Electromagnetic FF

Effective axial FF

Strangeness FF


