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The „Gorchtein-Horrowitz“ 
Problem

Z

Recently: 8%±1.2%

P2 (ep) Mainz (E=137 MeV)
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MOLLER (ee)
JLab, 11 GeV

QWeak (ep) JLab, 1,165 GeV

P2 (ep) Mainz, 137 MeV
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Weak Neutral Currents: Parity Violation



Search for New Physics Beyond the 
Standard Model:

 Parity Violating Electron Scattering
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Parity Violation in Electroweak 
Interaction

QWp=gVpgAe= ρ‘ (1 - 4 κ‘ sin2θW)
C1u = gVugAe

C2u = gAugVe
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Parity Violation in Electroweak 
Interaction + Isospin Symetry

Qweak EM-Form Factors

EM-Form Factors Axial Form Factor
Choose Kinematics so that Terms are Emphasized



Parity Violation in Electroweak 
Interaction + Isospin Breaking



Parity Violation in Electroweak 
Interaction + Isospin Breaking

Bastian Kubis and Randy Lewis



Strangeness Form Factors

present A4: reduce old SAMPLE error 
in GMs and GAe by factor 2



Axial Form Factor

GAp(Q2 = 0 GeV2/c2) = - 1.135(411)        
36% Error
includes Δs and RC (Anapole Moment)

GAp(Q2) = GAp(Q2=0) GAD(Q2)
Standard Dipole with Axial Mass MA



QWeak = 1- 4 sin2 θW (Tree Level)

QWeak = 0.075

QWeak = ρ‘ (1- 4 κ‘ sin2 θW)  (Radiative Corrections)

QWeak = 0.0718

Δ QWeak / QWeak = 4 Δ sin2 θW /QWeak

Relation between QWeak and sin2 θW



P2 Precision



Mean Asymmetry (acceptance 10°-20°)

h
Entries  3
Mean    20.45

RMS     8.405

 det. accept/ deg
5 10 15 20 25 30 35

2 Zs
! 

-310

h
Entries  3
Mean    20.45

RMS     8.405=20 deg, E = 137 MeVmean" @ 2
Zs!

hAll
Entries  561
Mean    30.91
RMS     5.959

/deglab! 
15 20 25 30 35

>|
/p

pb
PV

 |<
A

1

10

210

hAll
Entries  561
Mean    30.91
RMS     5.959

>|
PV

|<A

>|
Qw

|<A

>|
EMFF

|<A

>|
S

|<A

>|
A

|<A

10 deg±=!"=137.0 MeV & 
beam

>| @ EPV|<A



Error on sin2(ΘW) by Monte Carlo
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P2-Parameters

Beam Energy

Beam Current

LH2 length
Run Time

Scattering Angle
Acceptance
Acceptance

Error Error

20°

Beam energy and Luminosity will be 
further optimized



MESA/P2-Parameters
EBeam 137 MeV 200 MeV 200 MeV

Q2/θe 0,0022 GeV2/20° 0,0048 GeV2/20° 0,0048 GeV2/20°

time/current/target 10000h/150µA/60cm 10000h/150µA/30cm 10000h/150µA/60cm

Aphys -9.28 ppb -20,25 -20,25

ΔAtot 0,21 ppb (2.3%) 0,42 (2,1 %) 0,34 (1,7 %)

ΔAstat 0,17 0,36 0,25

Rate 0,96 1012 Hz 0,21 1012 Hz 0,44 1012Hz

ΔAsys 0,11 (1,2%) 0,12 (0,6%) 0,19 (0,9%)

Δsz2tot 4,94 10-4 (0,21 %) 4,63 10-4 (0,2 %) 3,6 10-4 (0,15 %)

Δsz2stat 4,1 10-4 3,9 10-4 2,8 10-4

P 85 % 85 % 85 %

High Rates: 200 GHz to 1 THz



Challenge

P2/MESA



Summary
A4 P2/MESA

Asymmetry 1-15 ppm 10-10 ppb HC beam fluct. 
by factor 10

Rates 100 MHz 0.2 - 1 THz 2kHz flipping

Polarimetry 1.5 % (4%) 5 % Hydro-Möller

Electronics Counting Integrating 18 bit, 500 kHz 
ADCs

Spectrometer Calorimeter Magnetic 
Spectrometer

Solenoid versus 
toroid

Target 120 W 2 kW beam raster, 
new target cell

Regression from beam 
fluctuation coil pulsing hc feed back



P2 technical Aspects
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Polarized Source: Current

Mean: <50 ppb



False Asymmetries

so far (A4): no Helicity Correlated Feedback Loops
MAMI Running Extremely Well
Improvement by Large Factors possible
Have designed special „Lock-In“ Amplifier 

Paramter ±1% f.A: P2
137 MeV

±1% f.A: P2
200 MeV

A4/MAMI
Precision 
5000h

A4/MAMI
Mean
5000H

Intensity 0,15 pb 0,36 ppb 16 ppb 50 ppb

Position 0,06 nm 0,13 nm 1 nm 10 nm

Anglr 0,03 nrad 0,06 nrad 0,8 nrad 7 nrad

Energy 0,02 eV 0,07 eV 0,05 eV 0,05



Polarimetry Goal: ΔP = 0.5 %
see talk by K. Aulenbacher

Double Mott (<0.3 %, invasive, at Low Energy)

Brute Force Atomic HYDRO-Moeller in Magnetic 
Trap                                                   
(0.5%, noninvasive, at Beam Energy) 

Single Spin Moeller Polarimeter (SAMS)         
(0.5%, noninvasive, at Beam Energy,        
transverse Polarisation) 

Laser-Compton Backscatter Difficult at Low Energy

Transmission Compton: Fast Relative Value.





P2 technical Aspects

PV-Spectrometer: Solenoid,    
                       Toroid (like G0, QWeak)
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New PV
experiment

MESA
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Solenoid
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P2-Setup
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Electron beam:
137MeV, 150 A,
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P2-Setup

1m

Electron beam:
137MeV, 150 A,
P=0.85

!

To beam dump

Elastically scattered
electrons 10.20,30 deg."#$Solenoid

Rejection of inelastics &
Acceptance definition
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%
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next Steps

Study Helicity Correlated Beam Fluctuations             
(defines the kinematics together with statistical error)

Study Spectrometer                                                          
- can we extend to Carbon Target                                
(Neutron Skin Measurement) 

Found/Create International Collaboration                      
- Common Interest with Moeller and SOLID                    
- Offer from QWeak to use Toroid                                                                        
- Polarimetry                                                         
- Electronics, Detectors, Target

Get Funding for MESA, Polarimeter, Spectrometer



Time Line



Summary

P2@MESA



Summary

P2: New Mainz Parity Violation Experiment

Technically Very Challenging

Decrease Errors on Axial and Strangeness Contribution

New Highest Precision Measurement of Qweak is feasible 
with an Error of ΔQWeak/Qweak=2.1% yielding                  
Δsin2(θW) = 0.00037 (0.16%)

If you want to join this Challenge: Collaborators are 
Highly Welcome


