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Parity	Violating	Electron	Scattering	Experiments	for	an	
Ultra	Precise	Determination	of	the	Weak	Mixing	Angle	

sin2 θW at	Low	Energies



Direct	observation	versus	precision	measurements:	top-quark,	Higgs	



The	relative	strength	between	the	weak	and	electromagnetic	interaction	is	
determined	by	 the	weak	mixing	angle:	sin2(θW)

Qe(p)	=	+e
electric	charge	of	the	proton	

QW(p)	=	1	– 4	sin2 θW
weak	charge	of	the	proton	

sin2 θW:	a	central	parameter	of	the	standard	model

The	role	of	the	weak	mixing	angle



P2	(Mainz/MESA)



„running“ sin2 θeff or sin2 θW(µ)
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Sensitivity to new physics beyond the Standard Model



Sensitivity to new physics beyond the Standard Model

Extra	Z
Mixing	with
Dark	photon	or	
Dark	Z

Contact	interaction New
Fermions



Dark	Photon,	Z-Boson



Running	sin2	θW and	Dark	Parity	Violation

Bill	Marciano

Possible	P2	Q2-Range
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Jens	Erler



Experimental Method:
Parity Violating Electron Scattering



σ ≈

V-A coupling:
parity-violating 
cross section asymmetry ALR

longitudinally pol. electrons
unpolarised protons

Parity	Violating	Asymmetry	in	elastic	electron	electron/proton	scattering

(V-A)e(V-A)p
AeVp+VeAp



weak charge

hadron structure

P2@MESA:	Parity	violating	cross	section	asymmetry
tracking system

polarisation measurement



• Contributions to Dsin²QW for 35° central scattering angle,	E=150	
MeV,	10000	h	of data taking



Frank Maas, Teilchenphysikkolloquium, Heidleberg, Feb. 5, 2013

Beam energy and luminosity 
needs further optimization

Δsin2 θW = 3.6 10-4 (0.13 %)

S. Baunack, D. Becker and P. Larin

P2-Precision in sin2 θW
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P2-Experiment at the MESA accelerator
new, Mainz Energy Recovering Acc.

Parity	violation	experiment
P2

Beam	Dump

Magnetic	spectrometer	MAGIX



60	cm	liquid	H	target

Superconducting	magnet,	0.6	T

100	Detectors,
Fused	silica	(“quartz”)

PMT	readout
3.7	m

13	t	lead	
collimator

P2-experiment:	Magnetic	solenoid	spectrometer	(0.6	T)
with	integrating	detectors

e- beam,	150	µA

60	cm	liquid	H	target

Magnetic	field	
0.6	T

100	Detectors,
Fused	silica	(“quartz”)

PMT	readout
3.7	m

13	t	lead	
collimator

e- beam,	150	µA

P2-experimental setup

P2-Experimental	Setup

P2-Spectrometer:	0.6	T	Superconducting Solenoid



P2-Detector response

P2-Experimental	Setup

Full GEANT4	simulation





. arXiv:1802.04759

P2: International Collaboration



PREX,	CREX	and	MOLLER	at	JLab Krishna	Kumar,	April	30,	2018

The 12 GeV Upgrade of  JLab
6 GeV

11

12

Two 0.6 GV 
linacs

1.
1

CHL-2

Upgrade magnets 
and power supplies

Enhanced capabilities 
in existing Halls

Lower pass beam energies 
still available

GeV
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PREX,	CREX	and	MOLLER	at	JLab Krishna	Kumar,	April	30,	2018

MOLLER at JLab
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Parity-Violating	Fixed	Target	11	GeV	electron-electron	(Møller)	scattering

Unique	opportunity	leveraging	the	12	GeV	Upgrade	investment

Special purpose 
installation in Hall A

Evolutionary	progression	to	extraordinary	luminosity	and	electron	beam	
stability	with	high	longitudinal	beam	polarization

δ(QeW)	=	± 2.1	%	(stat.)	± 1.1	%	(syst.)	

δ(APV)	=	0.73	parts	per	billion
APV =	35	ppb

60 μA 90% polarized electrons

δ(sin2θW) = ± 0.00028
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MOLLER Apparatus

• ~	150	GHz	scattered	electron	rate
• 1	nm	control	of	beam	centroid	on	target
• >	10	gm/cm2 liquid	hydrogen	target

– 1.5 m: ~ 5 kW @ 85 µA
• Full	Azimuthal	acceptance	w/	θlab ~	5	mrad

– novel toroidal spectrometer pair
– radiation hard, highly segmented 

integrating detectors
• Robust	&	Redundant	0.4%	beam	
polarimetry
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Technical Challenges

Single
channel

Liquid Hydrogen Target

spectrometer housing

hybrid spectrometer coil

detector configuration 

detector configuration 

ray traces

Evolutionary	Improvements	
from	Technology	of	Third	
Generation	Experiments



PREX,	CREX	and	MOLLER	at	JLab Krishna	Kumar,	April	30,	2018
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Møller Kinematics

Center	of	Mass	Angle

Highest figure of merit at θCM = 90o

Center	of	Mass	Angle

ECOM = 53 MeV

identical particles!

Odd number of coils: both 
forward & backward 
Møllers in same phi-bite
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MOLLER Uncertainty Table
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Adam	Falkowski at	recent Mainz	MITP	workshop:	Impact	on	low energy measurements	
Adam	Falkowski at	Mainz	MITP	workshop:	Impact	on	low energy measurements



• Parity	violating	electron/electron	and	electron/proton	scattering:	
“Low	energy	frontier”	comprises	a	sensitive	test	of	the	standard	
model	complementary	to	LHC

• If	LHC	sees	ANY	anomaly	in	Runs	2	or	3	(~2025),	parity	violating	
electron	scattering	with	its	unique	discovery	space	will	become	a	
pressing	need,	like	other	sensitive	probes	(e.g.	g-2	anomaly)

• Determination	of	sin2(qW)	with	high	precision	(similar	to	Z-pole)	
but	far	off	Z-Pole	tests	BSM	up	to	a	mass	scale	of	50	TeV

• P2-Experiment	(proton	weak	charge)	in	Mainz	under	preparation	
New	MESA	energy	recovering	accelerator	at	155	MeV,	target	
precision	is	2	%	in	weak	proton	charge		i.e.	 0.15%	in	sin2(qW),	

• Start	P2-commissioning	in	2022,	MOLLER	commissioning	in	2023
• Much	more	physics	from	PV	electron	scattering
• P2@MESA,	Moeller@Jlab and	SOLID@Jlab very	sensitive	test	of	

Standard	Model	Extension


