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Mainz Energy-Recovery Superconducting Accelerator 
(MESA)

• Under construction in Mainz 
• Broad hadronic physics program 

driven by international collaborations
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Parity-violating electron scattering fundamental element 
of physics programs at MESA and beyond
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PVES	has	become	a	precision	tool

Kent Paschke October 13, 2016DNP 2016 - Vancouver, B.C. 11

•Beyond	Standard	Model	Searches	
•Strange	quark	form	factors	
•Neutron	skin	of	a	heavy	nucleus	
•Nucleon	partonic	structure

Interplay	between	probing	hadron	structure	
and	electroweak	physics

photocathodes,	polarimetry,	high	power	cryotargets,	
nanometer	beam	stability,	precision	beam	diagnos.cs,	

low	noise	electronics,	radia.on	hard	detectors

• sub-part	per	billion	sta.s.cal	reach	
and	systema.c	control	
•0.5%	normaliza.on	control

For	future	program:

• Measure parity-violating asymmetry:

• Well-established technique employed at JLab, 
MAMI/MESA, S-DALINAC… 

• Far-reaching physics impact, including:  
• Weak charge of , , 12C (precision SM tests)  
• Nuclear weak form factor (nuclear EoS, 

corrections for  from -decay) 
• Novel probes of QCD (parton distribution 

functions, higher-twist effects) with PVDIS 
• Multi-photon exchange

e− p

Vud β
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•Beyond	Standard	Model	Searches	
•Strange	quark	form	factors	
•Neutron	skin	of	a	heavy	nucleus	
•Nucleon	partonic	structure

Interplay	between	probing	hadron	structure	
and	electroweak	physics

photocathodes,	polarimetry,	high	power	cryotargets,	
nanometer	beam	stability,	precision	beam	diagnos.cs,	

low	noise	electronics,	radia.on	hard	detectors

• sub-part	per	billion	sta.s.cal	reach	
and	systema.c	control	
•0.5%	normaliza.on	control

For	future	program:

• Measure parity-violating asymmetry:

• History of PVES: continuous improvement 
in accelerator and detector technology 

• State of the art: sub-ppb statistical reach 
and systematic control
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Challenges in the precision 
frontier…

• Sub-ppb precision requires enormous statistics  
(up to 1020 events) 

• Need to push limits of experimental rate… 
higher beam currents, thicker targets 

• Large power deposition (up to several kW) can 
quickly lead to target instability, degradation
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From PREX at JLab

New 208Pb 
target

After 1 
week at 
70 Aμ

40

Figure 2.6: Post-experiment photo of PREX-II 208Pb targets. Left-target shows
signs of minor thermal wear in the shape of the raster. Right-target shows a target
which reached thermal failure.

sieve allow for the distinct identification of points during the reconstruction of events; this

allows for the optimization of the reconstruction matrix and allows for a determination of

the uncertainty on the angular reconstruction.

2.3.3 Septum

The minimum design angle that the HRS system can accommodate is approximately

12�. Since PREX-II and CREX required capturing data on electrons scattered at a

laboratory angle of approximately 5� a septum magnet pair was used to bend these

heavily-forward 5� angle scatters to the minimum design angle of the spectrometer.

2.3.4 Quartz Detectors

Quartz detectors were the main detectors used for production run data collection; two

quartz detectors were used per arm for a total of four detectors. Images of detectors

can be seen in fig. 2.10. The detectors were made of radiation thin quartz—hardened
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sieve allow for the distinct identification of points during the reconstruction of events; this

allows for the optimization of the reconstruction matrix and allows for a determination of

the uncertainty on the angular reconstruction.

2.3.3 Septum

The minimum design angle that the HRS system can accommodate is approximately

12�. Since PREX-II and CREX required capturing data on electrons scattered at a

laboratory angle of approximately 5� a septum magnet pair was used to bend these

heavily-forward 5� angle scatters to the minimum design angle of the spectrometer.

2.3.4 Quartz Detectors

Quartz detectors were the main detectors used for production run data collection; two

quartz detectors were used per arm for a total of four detectors. Images of detectors

can be seen in fig. 2.10. The detectors were made of radiation thin quartz—hardened

• Implementing methods to mitigate these effects 
is critical!
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Beam rastering

• Fast-steering magnets raster beam on target 
• Distributes power, reducing target degradation 
• Must be carefully synchronized with beam helicity 

to reduce systematics! 

• Implemented at JLab, MAMI 
• Rastering system for MESA required to support 

parity program
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(a) Raster frequencies of 204 and 212 multiples of

the helicity flip frequency.
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(b) Raster frequencies of 205 and 213 multiples of

the helicity flip frequency.

Figure 2.23: Simulated raster pattern showing the improvement in target face coverage
by going from raster frequencies which are divisible (a) by the di↵erence between them to
frequencies which are not (b). In red is a fraction of the pattern to display the trajectories,
and in black is one full helicity flip period’s pattern to display the change in target face
coverage.

Figure 2.24: Schematic of the raster frequency controls. The 10 MHz signal is used in the
injector to give a consistent clock while the measured MPS signal sent from the injector
to Hall A over fiber optic cables marks the beginning of new helicity windows and is used
to tune the raster frequencies in two independent channels of the Agilent 33522A function
generator. Updated and adapted from [19, 24].

70
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Multi-purpose cooled systems for solid targets

• Solid target requirements: 
• Cooled frame (different nuclear targets 

have different cooling requirements)  
• Multiple target windows (redundancy, 

calibration/systematic studies) 
• Special considerations, e.g. 

magnesium targets must deal  
with oxidation, fire hazard 

• Flexible target systems support efficient 
execution of diverse physics program 

where � is the distance from the electron to the center of the BPM chamber and ✓ is the angle

of the electron relative to the antenna. The �/⌃ ratio of each pair of diagonal antennas

is sensitive to the beam position projected to the diagonal line denoted as (u, v), and with
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To calculate the actual beam position in the Hall x � y coordinates, beam position in the

BPM u� v coordinate is rotated by 45�
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The beam position measurement using BPMs is a critical input for the beam modulation

control and the correction for the beam-induced fluctuations in the detected asymmetry.

2.5 Target System

The PREX-2 target system shown in Fig. 2.8 has a 45 � arm, which holds targets for optics

calibration and is cooled by water at room temperature, and an arm installed horizontally

holding targets for the parity production mode. The horizontal arm is cooled by 15 K Helium

flow at 10 g/sec rate, which is su�cient to provide 120 W cooling power [24].

Figure 2.8: The PREX-2 Target CAD drawing.

25

Example: PREX-II at JLab
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Proposed program
Objectives: 
• Develop and construct a beam raster to 

support parity program at MESA 
• Develop target ladder suitable for PVES 

measurements on magnesium (  corrections) 

• Take advantage of existing expertise at JLab!

Vud

Requested resources: 

1 PhD student for 3 years (180.000 EUR) 

0,5 postdoc for 3 years (120.000 EUR) 

10.000 EUR for travel to JLab 

Direct cost: 310.000 EUR 

Total cost: 387.500 EURPartner institutions: 
Johannes Gutenberg-Universität Mainz 
Helmholtz-Institute Mainz 
IRFU CEA-Saclay  
University of Massachusetts Amherst 
University of Manitoba 
Jefferson Laboratory


