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qW

Sin2	qW =	0.238
qW =	29,2°

A	new,	high	precision measurement	
of	the	Weinberg	angle	sin2 θW



Search	for	New	Physics:	Various	Methods

High	Energy	(LHC)

High	Precision
((g-2)µ	,	EDM,	sin2	qW,	…)

High	Intensity
(B-decays)

(at	low	energy)



Direct	observation	versus	precision	measurements:	top-quark	

Direct	measurement

Precision	measurements



Direct	observation	versus	precision	measurements:	top-quark,	Higgs	







P2



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)



Universal	quantum	corrections:	can	be	absorbed	into	a	
scale	dependent,	„running“ sin2 θeff or	sin2 θW(µ)

running	α	 running	sin2 θW(µ)	

Precision	measurements	and	quantum	corrections:
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On	Z	resonance:	AZ is imaginary

No interference term



Ø 𝛾𝑍 box	graph	contributions	obtained	by	modelling hadronic effects:

[Gorchstein,	Horowitz	&	Ramsey-Musolf 2011]

Ø Hadronic uncertainties	
suppressed	at	lower	energies

Ø Low	beam	energy	experiment:	
P2	@	MESA

Dominant	theoretical	uncertainty:	

𝛾𝑍 box	graphs,			⊡$%

Sensitive	to	hadronic effects

P2

Progress	in	Theory
- Theory	uncertainties	in	box	diagrams
- 2	loop	corrections
- Hadronic contributions	in	loops
- Auxiliary	measurements
- PV-asymmetry	in	Carbon



3	%



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



Running	sin2	θW and	Dark	Parity	Violation

H.	Davoudiasl,	W.	Marciano



Supersymmetry



Example:	Supersymmetric standard	model	extensions

X.	Su

After	LHC
Run	1





Weak	
Charge	
Of	

Proton:
Qweak (Jlab),	
P2 (MESA)

Weak	
Charge	
Of	

Electron:
MOELLER
(JLAB)

Weak	
Charge	
Of	

Quarks:
SOLID	
(PVDIS)
(JLAB)



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



Proton:	special	case
Proton	Weak	charge:	 QW(p)	 =	 1	– 4	sin2 θW

Error:	 DQW(p) =		 4	Dsin2 θW

Rel.	error: DQW(p)/QW(p)	 =				4/(		(1/sin2 θW)	– 4	)			(Dsin2 θW/sin2 θW)

Rel.	error Dsin2 θW/sin2 θW =				(		(1/sin2 θW)	– 4	)	/4				DQW(p)/QW(p)

Example:	 sin2 θW (50	MeV) =	 0.238

4/(		(1/sin2 θW)	– 4	)	 ~ 20

DQW(p)/QW(p)	 =							2%											from	Experiment

Dsin2 θW/sin2 θW =							0.1	% same	precision	as	LEP,	SLAC

Neutron	Weak	charge:	
DQW(p)/QW(n)	 =							Dsin2 θW/sin2 θW



Adam	Falkowski at	recent Mainz	MITP	workshop:	Impact	on	low energy measurements	
Adam	Falkowski at	Mainz	MITP	workshop:	Impact	on	low energy measurements



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	proton	scattering

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



weak charge

hadron structure

Important input from other projects (S1, S3) 

Parity	violating	cross	section	asymmetry
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Proton	structure:	Parameterized	by	form	factors																																																									

sufficiently	enough	known

suppressed	by	weak
charge
vanishes	for	Q 0
but	large	uncertainty
for	GA

GE
s sufficiently	enough	known

but	large	uncertainty	for	GM
s

P2	back	angle	measurement



P2 Backward angle measurement

Hydrogen Deuterium

Rate 77.3 MHz 104.3 MHz

Asymmetry -4.6 ppm -5.2 ppm

Beam energy: 155 MeV
Scattering angle: 140° < Θ < 150°



P2 Backward angle measurement

Hydrogen Deuterium

Rate 135 MHz 174 MHz

Asymmetry -2.1 ppm -2.3 ppm

Beam energy: 105 MeV
Scattering angle: 140° < Θ < 150°



Possible	back	angle	measurements

• Option	A:	
Back	angle	measurement on	hydrogen	parallel	to P2	main experiment

Advantage:									- Very precise determination of APV
Disadvantages:		- Gives only a	linear	combination of GM

s and GA
- Momentum transfer Q²=0.1	GeV²	does not	match the main
experiment's Q²	≈	0.0049	GeV²

• Option	B:
Dedicated back	angle	measurements on	hydrogen	and deuterium
with lower beam	energy E	=	105	MeV

Advantage:									- Separate	determination of GM
s and GA		with better matching Q²

- Back	angle	setup alone requires less space in	ExHall 4

Disadvantage:				- Requires additional	beam	time,	assume here 1000h	each



weak charge

hadron structure

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



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

Optimization of acceptance in Dθ



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

Optimization of beam energy and 
mean scattering angle θ



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



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



Conceptually	very	simple	experiments

A	=	(N+-N-)/(N++N-)									DA	=	(N++N-)-1/2 =	N-1/2

A	=	20	x	10-9 2%	Measurement			N	=	6.25	x	1018 events

Highest	rate,	measure	Q2:	Large	Solid	Angle	Spectrometers



Apparative (false)	asymmetries:

Extreme	good	control	of	beam	and	target
Flip	Helicity fast
Extra	spin	flip
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Apparative (false)	asymmetries:

Extreme	good	control	of	beam	and	target
Flip	Helicity fast
Extra	spin	flip
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MESA-Hall-1

MESA-Hall-2

Shielding

Experimental	Hall

High	power	
beam	dump

Shaft building

• MAMI	continues operation
separately from MESA	
construction or operation

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



A4:	Mainz,	MIT,	Orsay



Counting	Technique



Measure	Flux	of	Scattered	electrons:
- no	pile-up	(double	count	losses)
- sensitive	to	small	electr.	fields.
- no	separation	of	phys.	process

Analogue	Technique



MESA accelerator
new, Mainz Energy Recovering Acc.

Parity	violation	experiment
P2

Beam	Dump

Magnetic	spectrometer	MAGIX



Hydro-Möller Polarimeter



13	t	lead	
collimator

P2-experimental setup

P2-Experimental	Setup

Simple	ray-tracing



Particle rates

P2-Experimental	Setup

Full GEANT4	simulation

Dominik	Becker



Cherenkov ”Quartz” detectors

P2-Experimental	Setup

Full GEANT4	simulation

Kathrin	Gerz



P2-Detector response

P2-Experimental	Setup

Full GEANT4	simulation





Q2-Measurement



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
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P2-Experimental	Setup

P2-Spectrometer:	0.6	T	Superconducting Solenoid



60	cm	liquid	H	target

Superconducting	magnet,	0.6	T
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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

Former	„FOPI“	Magnet	yoke:	new coil with cryostat (eventually from Sigma/Phi)



Other Measurements:
Carbon, Lead



P2:	Funding	

PRISMA	“Forschungsbau”:
Detector	system	(quartz-based)	including	electronics 2.0	M€
Solenoid	magnet	 1.5	M€
He-refrigerator	for	the	hydrogen	target 1.7	M€

University	(through	“Großgeräte”)
Silicon	tracker	system	for	Q2-measurement	development 0.5	M€
Double	Wien	filter	for	MESA 0.4	M€
Hydro-Moeller	detector	system 0.4	M€
Hydrogen	target	system 0.35	M€

Enhanced	sensitivity	
To	new	physics
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. arXiv:1802.04759

P2: International Collaboration



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

• 7	years	of	R&D	in	Mainz,	many	components	are	ready	to	be	built
• P2-Experiment	is	funded	to	90%,	Q1/2021	building	will	be	ready
• Determination	of	sin2(qW)	with	high	precision	(similar	to	Z-pole)
• 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),	
Sensitivity	to	new	physics	up	to	a	scale	of	50	MeV	up	to	50	TeV

• Much	more	physics	from	PV	electron	scattering
• Together	with	Moeller@Jlab (electron	weak	charge)	and	

SOLID@Jlab (quark	weak	charge)	very	sensitive	test	of	standard	
model	and	possibility	to	narrow	in	on	Standard	Model	Extension


