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The weak charge of the proton 0, (p) and the weak mixing angle

Experimental access
to QW(p)

Concept studies for the S
Mainz P2 experiment i
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The weak charge of the proton
and
the weak mixing angle



The weak charge of the proton

!
Y 1|’ Z,
I
p > /\,
0,(p)=+e 0, (p)=1-4sin’(0,)
electric charge of the proton weak charge of the proton

sin’(0,,) is a central parameter of the standard model.




Energy scale dependency of the weak mixing angle

Elastic e-p-scattering: Quantum corrections

OO O

D

running of o running of sin”(0,,)

Quantum corrections can be absorbed into a
weak mixing angle depending on the transferred energy u.:

sin®(0,,)—[sin’(0,,)](u)
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Weak charges: Sensitivity to new physics

 Complementary access by weak charges of proton and electron

Weak charge of the proton: Weak charge of the electron:
ﬁ,=0.0?16 Qﬁ,=—0.0449
- £0.0029 Experiment —&—1{ +0.0051
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SM (Jens Erler, Ramsey-Musolf, 2003) SM

« Dark symmetries — Bill Marciano, this conference



Weak charges and SUSY

Experimental restriction of SUSY-parameters:

I
Moller (JLab, 11GeV)

Qweak (Jlab, 1.165 GeV)

\32 (Mainz, 200 MeV)

—> SUSY-predictions
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(Ramsey-Musolf and Su, 2005)



Experimental access to O, ( p)



Elastic scattering of longitudinally polarized electrons off the proton

detector

long. polarized
beam electrons proton - target

Cross section: O, ~

ep - |]\4y_|_]\4z|2

The weak interaction is parity violating : M, M, — |M + M ,['#|M + M,

+

P | O _#0

ep ep




A4 Experiment at MAMI
= bl Jy [y , ‘r‘, \ P 7

10 years of experience in
parity violating electron
scattering in Mainz

Strangeness in the nucleon

Asymmetries of the order 10°
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The parity violating asymmetry in elastic e-p-scattering

+

0,0,
Definition: — A,,=—7—F

o,10,,

—G Q
Structure:

(04 (p)

N

PrOton StrUCture (Qz):FEM (Qz) +FAxial(Q2) +FStrange(Q2)

Weak charge of the proton: Qw(p) =1—4sin’ (GW) (M)

— | Measuring 4, at low momentum transfer O”gives access to O, (p).
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The asymmetry at P2-conditions

Beam energy: Ebeam: 200 MeV |<A >AQ| —90 ppb
PV
Polar acceptance: AO=20°




Precision of P2: Monte-Carlo-Studies

Q-weak (projected)

beam current = 150 pA
target length = 60 cm

Proposed experimental conditions:

Beam energy: 200 MeV
Beam current: 150 pyA
Polarization: 85% * 0.5%
0,,=20°+10°

Ap=2n

Target: 60 cm liquid hydrogen

Measuring time: 10000 h

250 300
E, .../ MeV
Q2 0.0048 GeV?
Aphys -20.25 ppb
JAVATES 0.34 ppb (1 A %)
AAgat 0.25 ppb
AAqys 0.19 ppb (0.9%)
Rate 0.44 10?2 Hz
AsiN?Ow stat 2.8 10*
ASin? Bw ot 3.6 10 (0.15 %)




P

Gamma-Z-Box graph contributions to the uncertainty
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Radiative corrections:

E (GeV)

Gorchtein, Horowitz, Ramsey-Musolf 1102.3910 [nucl-th]

« Gamma-Z-box contributions: included in the Monte-Carlo
« Higher-order radiative effects due to one and two photon emission
» General theory support for the interpretation of the measurement

0.5 1 1.5 2 2.5



Concept studies
for the P2 experiment



New superconducting accelerator in Mainz: MESA

Granted by the
German Excellence Initiative
15.06.2012, 3:45 ppm

Polarized ~ Double-scatter  Compton/
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MAMI accelerator facility: Current setup for PV measurements

luminosity
measuren en

electron current
measurement

energy measuremept
and stabilisisatio
(DE=1keV)
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» Several stabilization systems

(position, current, energy)

« Several polarimeters
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MESA and P2: Setup in the MAMI accelerator facility

New PV experiment: P2
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New superconducting
accelerator: MESA
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Experimental challenges

MESA:
« Beam current | = 150 A

« Beam energy E = 200 MeV

e Polarization P =85 % +=0.5 %

P2:
e 60 cm liquid-hydrogen target

* eLabE[IOO’:SOO] J A(l)=27[

 Elastic e-p-scattering: Rate = 0.22 THz

—» Dealing with high rates

— Background suppression



High precision polarimetry: Hydro-Moeller

« Strong magnetic field:
e B=8T

* Low temperature
T=0.3 K

« Magnetic trap

« — 100% polarization
of the electrons

* Precision goal:
AP=0.5%

Concept by E.A. Chudakov and V.G. Luppov



P2: Possible design of spectrometer

» Solenoid design:

Solenoid

L)

Beam electrons
Energy: 200 MeV
Polarization: 85 %

60 cm liquid | Electrons, scattered elastically Integrating detector,
hydrogen target off protons full azimuthal coverage

» Other option: Qweak-line toroid



Superconducting solenoid

|_Z-component of magnetic field |
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« Length=2.5m
e Current =5 kA

1000 windings




Studies with ROOT & Geant4: Tracking

T o : 1= 0.5,
Projection of electron trajectories S 2
E, ., = 200 MeV
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p/mm

Enerqgy loss in liquid H2 target

Vertex distribution in the target volume
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beam energy = 200 MeV

target length = 60 cm
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Density distribution of elastic vertices with
electron energies between 180 MeV and 200 MeV
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beam energy = 200 MeV

target length = 60 cm
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Solenoid setup

Design by D. Rodriguez Pineiro

» Other option: Qweak-line toroid



Timeline of project P2

Year Polarimeter Detector/Exp.  Theory Accelerator
2012 T 4 t t o te
conceptual MESA technical
desi Monte Carlo generator i
20 1 3 EE.Q; for radiative corr. design
Double scatt. MAMI beam
Mott-polarimeter * For detector
201 4 struct + polanmeter VIESA
: _ con on R&D
l Hydro-Moller -:]',rzeus:;!n construction/
201 5 polarimeter commissioning
APIP<=0.5%

2016
2017
2018
2019
2020
2021
2022
2023

APIP=0.5%

standard solution:
PV data taking
with MAMI A

Data analysis

A

M

Y

COmmIssioning

!

innovative solution:
PV data taking

) with MESA
Data analysis

Asin® 8, <0.0003

I;l!qlsi:u2 g, -:ﬂ_(}ﬂﬂ?:-l

\/

MESA
routine operation
starts

(*ﬂr*)

(*) support for P2

(from ‘Grundausstattung’)
{**} MESA: New accelerator
project. Independent from CRC

(***) vear 2017:
Commissioning completed.
MESA: 4000h/year
availability for PV

MAMI-A fallback solution:
1000h/year availability for PV




Summary

- Measurement of the weak charge of the proton yields sin’(0,,),
a key parameter of the standard model

« High precision measurement: Search for new physics (SUSY, ...)
« P2: Anew PV experiment in Mainz with precision goal Asin®*(0,,)=3.6-10""

* New superconducting accelerator at MAMI facility: MESA
Granted since June 15, 2012

» After ten years of experiments with PVES, concept studies for the new P2
setup are in progress
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