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MAMI Cascaded Microtrons
Up to 1.6 GeV electron beam energy 
CW beam 
~80% polarization  
100 uA max. current 
Availability: >80% 
Future: MESA Accelerator (150 MeV)

3 magnetic spectrometers 
10-4 mom. resolution 
time coincidence 
Targets: 

Solid-state 
cryogenic 
gas-jet

Accelerator and detectors

wwwa1.kph.uni-mainz.de

https://www.mesa.uni-mainz.de

A1 Collaboration

https://www.blogs.uni-mainz.de/fb08-nuclear-physics/
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Preliminary Results and Plans
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Electron Scattering: Existing Dataset

Luca Doria Part B2 NU4NU

Figure 2: Left: Existing data on 12C (blue points) and 16O (red points) as function of beam energy and
scattering angle. The new 40Ar data from JLab [31] is indicated with the green cross. For reference,
the neutrino flux of T2K (shaded blue) and the simulated DUNE spectrum (shaded orange) at the far
detector in the ⌫µ disappearance channel are showed for reference. In the energy range relevant for
next-generation neutrino experiments, electron scattering data is scarce but well within reach of existing
electron accelerator facilities. Right: Data from JLab [31] demonstrating the approximate validity of
super-scaling [32]. The argon data from LNF [33] show a significant deviation from expectation.

momentum transfer q, while vL and vT are kinematic factors.
The structure function RL is theoretically better known and subject of scaling properties [32] which
allow in principle its estimation from a limited dataset (Fig. 2).
RT is less known and more challenging to calculate for theoretical models, since it depends critically
from e↵ects like meson exchange currents which are instead negligible in RL. Current contributions
tend to increase significantly the transverse response RT [34, 35]. The two structure functions can be
separated via the Rosenbluth separation technique which requires measurements over a broad range
of kinematic settings. Such new measurements can be performed thanks to the availability of a high-
quality continuous electron beam up to 1.6 GeV energy at MAMI [36] coupled to three high-resolution
magnetic spectrometers of the A1 Collaboration [37] (Fig. 3).
The e↵ectiveness of the spectrometers in achieving excellent results on electron-nucleus scattering was
already demonstrated in the past, also with a measurement on oxygen [38].
Electron scattering on oxygen can be e�ciently realized employing an existing “waterfall” liquid water
target [39], while measurements on argon can be done with an existing cryogenic target. The use of
the waterfall target requires the subtraction of the hydrogen contribution, which is very well known
at the required precision.
RT can be e�ciently disentangled from RL with measurements at large backward scattering angles
(> 20�), where the cross section drops significantly. Liquid phase targets are therefore needed for
compensating the smaller cross sections with a large luminosity. The waterfall target can sustain beam
currents up to 50 µA with a target thickness of 30 mg/cm2, which is adequate for measuring cross
sections of the order of nb/sr. The liquid argon target will also be able to achieve comparable goals.
With the A1 setup and liquid targets, inclusive scattering experiments can be performed matching
the precision of the existing datasets within hours of measurement per kinematic setting, thus having
the unique opportunity to obtain high-quality data for both the structure functions. Fig. 4 shows a
proposal for kinematic settings for inclusive measurements on oxygen and argon. For separating RL

from RT with the Rosenbluth separation method, a large range of the kinematic factors vL and vT
must be covered. The proposed settings are all within reach of the A1 facility and can be measured in
a reasonable amount of time. One single setting can be measured in about 1 hour. With an average
recorded rate between 10 and 103 Hz, all the kinematic points in Fig. 4 can be measured within
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MAMI

Plan:

PRELIM
INARY

Preliminary Measurements
Obtained in few hours of measurement 
E=855 MeV, 
More data on type (analysis ongoing) 
Scheduled measurement Dec. 2020 
More measurements from 2022

Complete inclusive measurements on 12C 
Exploit the gas-jet target: argon and oxygen 
Another possibility: Waterfall target (oxygen) 
Goal: inclusive and exclusive (1p,2p) cross sections 
Investigate possibilities for pion/neutron channels
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