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What will MESA bring to the table?

• Precision electroweak physics with P2


• Tests of the Standard Model


• Weak form factors and neutrons skins 


• Light dark matter search with DarkMESA 


• Nucleon/nuclear structure with MAGIX


• Proton form factors and radii


• Few-body systems and astrophysical cross sections
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Figure 3.4: Cartoon of a four event multiplet (quartet). The Pockel cell voltage controls the
initial electron helicity, resulting in left(L) or right (R) handed electrons entering the hall.
Data was stored during the time marked by the dashed lines, selecting an appropriate delay
before collecting data.

the polarization of the electrons in a given window to stabilize. To exclude this 100 µs delay,

the data acquisition equipment recorded the middle 8.23̄ ms of a window (tuned to minimize

dead time in the apparatus but not measure any ‘ringing’ e↵ects associated with the Pockel

cell changing voltages).

These multiplets were generated pseudorandomly, with the ordering of multiplets deter-

mined by a su�ciently long, randomly generated sequence. This allows us to reconstruct the

exact pair structure if needed while still disordered enough to minimize systematic e↵ects

associated with having a strict sequence of helicity windows. In order to prevent biasing

from the signals sent by the injector, the helicity signal is generated by a circuit independent

of the overall injector electronics. Also, the helicity as reported to the halls was stored in

a bu↵er then sent after an eight window delay; while the correct helicities were matched to

the relevant event, the helicity of the event is recorded concurrently with the signals from

electrons generated 66 ms later, removing any correlation.

The electron will propagate through a number of magnets downstream of the injector,
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The P2 experiment
Eur. Phys. J. A (2018) 54: 208 Page 25 of 61

Fig. 23. CAD drawing of the experimental setup which has been implemented in the Geant4 simulation using CADMesh.

The purpose of the experiment’s simulation is to en-
sure the feasibility of the QW(p) measurement with the
foreseen apparatus. In this section, the main aspects of
the Geant4 application will be discussed and results pre-
sented.

5.1.1 Geometry definition

The application employs an interface to Computer-Aided
Design (CAD) software for defining the geometrical ob-
jects the experimental apparatus is comprised of. CAD
software is a widely used designing and analyzing tool in
engineering science. The simulation of the P2 experiment
uses CADMesh [102] to import geometrical objects cre-
ated with CAD software into Geant4. For this purpose,
the surfaces of the objects under consideration are first
parametrized by applying a tessellation procedure and
then converted into a Geant4-native geometrical object.
The big advantage of this procedure is that engineering
studies can be performed using CAD applications and
the resulting geometrical shapes may be directly imported
into Geant4. Furthermore, implementing new and altering
existing parts of the apparatus using realistic, complex ge-
ometrical shapes is possible with a minimum of program-
ming effort this way. The downside of using CADMesh as
compared to Geant4’s standard method of defining geom-
etry directly in the source code is that the runtime of the
application is slightly increased due to the higher num-
ber of surfaces resulting from the tessellation procedure.
However, the prolongation of runtime is a minor effect and

easily outweighted by the benefits of the CAD interface,
especially when using multiple CPU cores in parallel to
perform the simulation.

Figure 23 shows a CAD drawing of the experimental
setup, which has been implemented in the simulation using
CADMesh. The beam electrons enter the scattering cham-
ber’s vacuum through the final part of the beamline and
interact with the !H2 target. Both target and scattering
chamber are contained within a superconducting solenoid
that generates a magnetic field of Bz ≈ 0.6T along the
beam axis. The beam electrons, which have been scattered
off protons in the target, pass a Kevlar window which sep-
arates the vacuum of the scattering chamber from the he-
lium filled chamber that contains the tracking detectors.
The tracking detectors will be used to reconstruct the Q2

of the detected electrons and are described in sect. 5.5.
After passing the tracking system, the electrons are de-
tected in a Cherenkov ring detector for the measurement
of the parity-violating asymmetry.

5.1.2 Event generation

One of the simulation’s central aspects is the realistic
simulation of the interaction between the electron beam
and the 600mm long !H2 target. Since the beam energy
Ebeam = 155MeV is rather small, energy loss and angu-
lar straggling of the beam in the target material due to
collisions and bremsstrahlung cannot be neglected. While
Geant4 is an excellent tool to simulate these processes,
the simulation of elastic electron-proton scattering under

• Extracted beam mode:


•  = 155 MeV,  = 150 A 


• Targets: LH2, 12C, 208Pb


• Superconducting solenoid spectrometer


• Full azimuthal acceptance


• Central  = 35° 


• Tracking detectors (HV-MAPS)


• Integrating Cherenkov detectors


• Air Cherenkov luminosity monitors

E I μ

θe

Luminosity 
detectors
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(0.15% on weak mixing angle)
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4.5.1 RA-A: The intensity frontier at MESA

�ಝ�
�

Figure 4.11: 1σ constraints on the quark-vector and
electron-axial-vector coupling with the impact of the P2
measurements on hydrogen and carbon. The correspond-
ing impact on the current global fit of available low-energy
data is shown by the blue, cyan (including the future hydro-
gen measurement at P2) and red (including the P2 carbon
measurement) contours.

The measurement on hydrogen puts very
strong constraints on certain combinations of
these operators, whereas it is less effective
for others due to the quark content of the pro-
ton. This degeneracy can be resolved by an
asymmetry measurement on a target with dif-
ferent isospin, leading to a much stronger and
more universal constraint (see Figure 4.11).
12C is particularly well suited as a comple-
mentary target, as it is a spin-0 nucleus which
can be described by a single form factor, and
the contributions to the asymmetry from ex-
cited states can be computed with sufficient
accuracy. The asymmetry in 12C is much lar-
ger than in hydrogen, which reduces the data
taking time for a 0.3% determination to 2500
hours. However it puts much higher demands
on the beam polarimetry which dominates the

uncertainty and needs to be accurate to much better than 0.3%. This requires novel approaches
(AULENBACHER – see Section 4.5.7).

Weak radii of nuclei: The unitarity constraint of the CKM quark mixing matrix offers a sensitive
test of the SM. The most precisely determined CKM elements, Vud and Vus, reveal a deficit
known as the “Cabibbo angle anomaly”, suggesting potential BSM signals. The resolution of
this puzzle is a central pillar of RA-B (see Section 4.5.2), which will pursue a multi-pronged
approach that combines new measurements of the neutron lifetime, semileptonic kaon decays,
and precision measurements of nuclear charge radii.
Within this research effort, the P2 experiment is uniquely positioned to make significant contri-
butions. The uncertainty associated with Vud is largely dominated by theoretical uncertainties
in transition-specific nuclear corrections (GORCHTEIN). These can be benchmarked through
measurements of the weak radii of the stable 0+ daughter nuclei (26Mg, 34S, 42Ca, 46Ti, 54Fe) ac-
cessible in parity-violation experiments. The impact of measuring the unknown radii of 0+ nuclei
for the Vud extraction is perfectly illustrated by a recent measurement of the charge radius of
the 0+ isomer 26mAl by ISOLDE [16] at a relative 0.5% accuracy. By correcting the previous
estimate of the nuclear correction, this measurement caused a 1σ shift in the value of Vud ex-
tracted from the 26mAl → 26Mg transition. This transition is the most precisely measured among
all super-allowed decays. Therefore, the effect of this shift is significant, even when combined
with data from the other 14 transitions.
A 0.3–0.5% determination of the weak radius of 26Mg by the Mainz Radius EXperiment (MREX)
at the P2 spectrometer (SFIENTI, THIEL) has great potential to further benchmark these calcu-
lations, thus having a crucial impact on a more accurate determination of Vud. This unique
experimental setup also enables the measurement of the weak radius of heavy nuclei such as
208Pb. This allows constraining the equation of state of nuclear matter and provides insights
into the properties of neutron stars.
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Projected DarkMESA limits
DarkMESA overview: 
Parallel Workshop 2, 

Mirco Christmann

Liquid scintillator veto: 
Poster, Michail 
Kontogoulas

Noise reduction: 
Poster, Christian Stoß
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Figure H05.1: The results of the MAMI proton form factor measurement [10] divided by the standard
dipole fit and compared to existing data at that time (reference to existing data in [10]). The blue band
shows the fit of a spline function to the cross section data.

the reliable extraction of polarizabilities from Compton scattering off 4He. For this reaction
first measurements have already been performed at the HI�S facility at photon energies of
60 MeV and 80 MeV [13, 14]. Also in this CRC (Project H04), a theoretical framework based
on various effective field theories (EFTs), such as �EFT and pionless EFT, will be developed,
which will systematically calculate polarizability effects in both Compton scattering and atomic
spectroscopy, thus providing a solid link between these two fields of research.

Form factors of the proton
The spatial distribution of the electric charge and the magnetic moment of the proton, due to its
underlying quark structure, is a fundamental quantity and can be accessed via form factor mea-
surements. The Mainz group has a long record of precision nucleon form factor measurements,
starting in the ’80s. While elastic scattering, at the first glance, seems to be the most basic re-
action to measure, it serves also as the benchmark reaction where the highest precision can
be achieved. In 2010, the high resolution magnetic spectrometers of the A1 Collaboration were
used to explore the proton form factor in the four-momentum range accessible by the MAMI
accelerator of 0.004 (GeV/c)2< Q2 <0.8 (GeV/c)2[10]. A data set of 1400 cross section points
with a relative accuracy significantly smaller than one percent was collected and analysed with
a global fit of the Rosenbluth formula to extract the form factors, see Fig. H05.1 (the individual
data points are not shown, but only the resulting Rosenbluth fit of the form factors). The aim of
this MAMI/A1 experiment was to determine the Q2 evolution of the form factors. The fits to the
data also allowed to extract the electric and magnetic root-mean-square radii of the proton as:

hr2
Ei

1/2 = 0.879(5)stat(4)syst(2)model(4)group fm,

hr2
M i

1/2 = 0.777(13)stat(9)syst(5)model(2)group fm,

with statistical and systematic errors, and the errors introduced by the fitting procedure.
At the same time, a measurement of the Lamb shift in muonic hydrogen was performed [20],
yielding a significantly lower value for the proton charge radius of 0.841 84(67) fm. This discrep-
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the reliable extraction of polarizabilities from Compton scattering off 4He. For this reaction
first measurements have already been performed at the HI�S facility at photon energies of
60 MeV and 80 MeV [13, 14]. Also in this CRC (Project H04), a theoretical framework based
on various effective field theories (EFTs), such as �EFT and pionless EFT, will be developed,
which will systematically calculate polarizability effects in both Compton scattering and atomic
spectroscopy, thus providing a solid link between these two fields of research.

Form factors of the proton
The spatial distribution of the electric charge and the magnetic moment of the proton, due to its
underlying quark structure, is a fundamental quantity and can be accessed via form factor mea-
surements. The Mainz group has a long record of precision nucleon form factor measurements,
starting in the ’80s. While elastic scattering, at the first glance, seems to be the most basic re-
action to measure, it serves also as the benchmark reaction where the highest precision can
be achieved. In 2010, the high resolution magnetic spectrometers of the A1 Collaboration were
used to explore the proton form factor in the four-momentum range accessible by the MAMI
accelerator of 0.004 (GeV/c)2< Q2 <0.8 (GeV/c)2[10]. A data set of 1400 cross section points
with a relative accuracy significantly smaller than one percent was collected and analysed with
a global fit of the Rosenbluth formula to extract the form factors, see Fig. H05.1 (the individual
data points are not shown, but only the resulting Rosenbluth fit of the form factors). The aim of
this MAMI/A1 experiment was to determine the Q2 evolution of the form factors. The fits to the
data also allowed to extract the electric and magnetic root-mean-square radii of the proton as:
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H05 Electron and photon scattering

the data taking for the form factor measurements. MESA will not deliver the full beam current
from the beginning, but luminosity will slowly increase during FP2. During this period with
reduced current, first data will be taken to optimize the experiment. While the statistical error of
the electric form factor is negligible, extensive studies of all systematic errors, e.g. luminosity
determination and efficiency calibration, have to be performed. The goal is to reach a stability
and control of all parameters of better than one per-mille, and an absolute calibration of the
same order of magnitude.
The final experiment is expected to take place at the end of FP2, with the analysis extending
into FP3. The aim is a high precision extraction of the proton electric form factor below Q2 <
0.03 (GeV/c)2 with 0.1% statistical precision. Figure H05.12 shows the result of a simulation
within the MAGIX software framework in comparison with the data sets of MAMI/A1 [10] and
JLab/PRad [18] (only statistical errors are reported). The cross section data will cover nearly
the complete range of the JLab experiment and will have sufficient overlap with the MAMI data
set to test the Q2 evolution of Gp

E(Q2), and thus, to shed light on the discrepancy between these
two data sets.
The most challenging part of the experiment will be the measurement of the magnetic form
factor, requiring several weeks of beam time for each data point. The number of data points for
Gp

M (Q2) will be primarily determined by the available beam energies of the MESA accelerator.
However, to extract the magnetic radius we will obtain at least three data points.
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Figure H05.12: The expected data quality compared to the existing data. The precision is expected to
be sufficient to resolve the discrepancy in the Q2 evolution between the JLab/PRad [18] and MAMI/A1
[10] data.

H05.4.2 Time schedule

See Fig. H05.13.

H05.4.3 Milestones to be achieved by the end of the first funding period
• Development of an active target TPC for Compton scattering off light nuclei (WP1).

• Measurement of the Compton scattering off 4He (WP1).
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How can proton data be improved?

H05 Electron and photon scattering

the data taking for the form factor measurements. MESA will not deliver the full beam current
from the beginning, but luminosity will slowly increase during FP2. During this period with
reduced current, first data will be taken to optimize the experiment. While the statistical error of
the electric form factor is negligible, extensive studies of all systematic errors, e.g. luminosity
determination and efficiency calibration, have to be performed. The goal is to reach a stability
and control of all parameters of better than one per-mille, and an absolute calibration of the
same order of magnitude.
The final experiment is expected to take place at the end of FP2, with the analysis extending
into FP3. The aim is a high precision extraction of the proton electric form factor below Q2 <
0.03 (GeV/c)2 with 0.1% statistical precision. Figure H05.12 shows the result of a simulation
within the MAGIX software framework in comparison with the data sets of MAMI/A1 [10] and
JLab/PRad [18] (only statistical errors are reported). The cross section data will cover nearly
the complete range of the JLab experiment and will have sufficient overlap with the MAMI data
set to test the Q2 evolution of Gp

E(Q2), and thus, to shed light on the discrepancy between these
two data sets.
The most challenging part of the experiment will be the measurement of the magnetic form
factor, requiring several weeks of beam time for each data point. The number of data points for
Gp

M (Q2) will be primarily determined by the available beam energies of the MESA accelerator.
However, to extract the magnetic radius we will obtain at least three data points.
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Figure H05.12: The expected data quality compared to the existing data. The precision is expected to
be sufficient to resolve the discrepancy in the Q2 evolution between the JLab/PRad [18] and MAMI/A1
[10] data.

H05.4.2 Time schedule

See Fig. H05.13.

H05.4.3 Milestones to be achieved by the end of the first funding period
• Development of an active target TPC for Compton scattering off light nuclei (WP1).

• Measurement of the Compton scattering off 4He (WP1).

288

Go to lower Q2
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background!

MAMI/A1 target



N03 Few-body systems

Figure N03.2: Left: Electron scattering data on a cryogenic deuterium target, contained in a Havar
target cell [35]. The blue line corresponds to the measurement, black is from a simulation of elastic e�d
scattering, measurement using an empty cell is shown in green. Right: Missing mass distribution for
e�p scattering. Data obtained using a cryogenic target including foils is depicted in black, data obtained
using the gas-jet target under the same kinematic setting in blue. Figure adapted from Ref. [33].

In addition to the reduction of background contributions, the experimental resolution increases
significantly when the target thickness is minimized, primarily due to the negligible energy loss
and reduced multiple scattering inside the target, as shown in Fig. N03.2 (right panel).
The gas-jet target will serve as an internal target at the MAGIX experiment, operating with
various target gases within the energy-recovering recirculation arc of the high-intensity elec-
tron accelerator, MESA. Combined with the high-resolution magnetic spectrometers of MAGIX,
this setup is exceptionally well-suited for high-precision examinations of nuclear structure and
dynamics at low energies.
To meet the demands of the few-body project, these spectrometers have been designed to
achieve not only a high momentum resolution (�p/p < 10�4), but also a large momentum
acceptance (�p/pcentral ⇡ ±15 %). This will enable simultaneous coverage of various excited
states. An example is the measurement of the transition form factors in carbon, where it be-
comes possible to measure the first excited states alongside the elastic line, enhancing the
overall precision of such experiments.

The construction and assembly of the ordered MAGIX spectrometer magnets are nearly com-
plete. The magnetic fields of both spectrometers have been measured as part of the factory
acceptance test using a field mapper table and a stretched wire bench, revealing very good
agreement with the design. These favorable results strongly indicate that the transfer matrices
derived from magnetic field simulations and subsequent tracking calculations are highly useful
as a starting point for the planned optics calibration campaign. Differences are expected due
to the inherent limitations in the alignment accuracy of the magnets and the absence of the
stainless steel vacuum chamber during the field measurements. Therefore, it is imperative to
carry out sophisticated calibration runs. The complete set of assembled magnets has been
delivered on October 6th, 2023.
The consistent windowless design of the relatively thin MAGIX gas-jet target even enables the
detection of low-energy recoil particles, such as protons or deuterons. This is of special rel-
evance for N03, as it facilitates measurements where a knocked-out fragment of a nucleus is
detected in coincidence with the scattered electron. Such exclusive reactions can provide more
informative data compared to inclusive ones. The ongoing development of a dedicated recoil
detector, designed to effectively detect such nuclei at moderate energies, utilizes silicon strip
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MAGIX can deliver!

• Lower beam energy


• Windowless target

Gas jet target  
commissioning data  

(A1/MAMI)
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Magnetic form factor: “What about me?!”

Dispersion theory:  
 = 0.849  0.003 fm


“Such a structure is at odds with unitarity and analyticity.”  
Science Bulletin Volume 69(4), 419 (2024)


⟨r2
M⟩1/2 ±

MAMI/A1:  
 = 0.777(13)stat(9)sys(5)model(2)group fm⟨r2

M⟩1/2

https://doi.org/10.1016/j.scib.2023.12.038
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We note that the precision of the magnetic radius of the
proton,

ffiffiffiffiffiffiffiffiffiffiffiffi
hr2Mip
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¼½0.8111"0.0074ðstatÞ"0.0050ðsystÞ&fm,

is commensurate with that of its electric counterpart,ffiffiffiffiffiffiffiffiffiffiffi
hr2Eip

p
¼ ½0.820" 0.009ðstatÞ " 0.011ðsystÞ& fm.

To further compare our results to experiment we perform
model averages of the form factors themselves. The results
are plotted in Fig. 2 for the proton. One observes that the
slope of the electric form factor as obtained from our
calculation is closer to the PRad measurement [6] than to
that of the A1 collaboration [4]. The magnetic form factor,
on the other hand, agrees well with the A1 data. Moreover,
our estimates reproduce within their errors the experimental
results for the magnetic moments both of the proton and
of the neutron [72]. The plots for the neutron corresponding
to Fig. 2 in this Letter are contained in Fig. 7 of the
companion paper [48].
In Fig. 3, our results for the electromagnetic radii and

magnetic moment of the proton are compared to recent
lattice determinations and to the experimental values. We
note that the only other lattice result including disconnected
contributions is ETMC19 [39], which, however, has not
been extrapolated to the continuum and infinite-volume
limits. Our estimate for the electric radius is larger than the
results of Refs. [38–40], while Ref. [32] quotes an even
larger central value.
We stress that any difference between our estimate and

previous lattice calculations is not related to our preference
for direct fits to the form factors over the conventional

approach via the z expansion, as the latter yields consistent
values for the radii (cf. the companion paper [48]). For the
magnetic radius, our result agrees with that of Refs. [38,39]
within 1.2 combined standard deviations, while that of
Ref. [31] is much smaller. Our statistical and systematic
error estimates for the electric radius and magnetic moment
are similar or smaller compared to other lattice studies,

FIG. 2. Electromagnetic form factors of the proton as a function of Q2. The orange curves and bands correspond to our final results
at the physical point with their full uncertainties obtained as model averages over the different direct fits. The light orange bands indicate
the statistical errors. The black diamonds represent the experimental ep-scattering data by the A1 collaboration [4] obtained
using Rosenbluth separation, and the green diamonds the corresponding data by PRad [6]. The experimental value of the magnetic
moment [72] is depicted by a red cross.

FIG. 3. Comparison of our best estimates for the electromag-
netic radii and the magnetic moment of the proton with
other lattice calculations, i.e., Mainz21 [41], ETMC20 [40],
ETMC19 [39], PACS19 [38], and CSSM/QCDSF/UKQCD14
[31,32]. Only ETMC19 and this Letter include disconnected
contributions. The Mainz21 values have been obtained by
combining their isovector results with the Particle Data Group
(PDG) values for the neutron [72]. We also show this estimate
using our updated isovector results (cf. the companion paper
[48]). The experimental value for μpM is taken from PDG [72]. The
two data points for

ffiffiffiffiffiffiffiffiffiffiffi
hr2Eip

p
depict the values from PDG [72]

(cross) and Mainz/A1 [4] (square), respectively. The two data
points for

ffiffiffiffiffiffiffiffiffiffiffiffi
hr2Mip

p
, on the other hand, show the reanalysis of

Ref. [24] either using the world data excluding that of Ref. [4]
(diamond) or using only that of Ref. [4] (square).
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Few-body physics: the nuclear Hamiltonian

• 4He monopole transition form factor 


• Sensitive to 3N forces


• No agreement between multiple measurements, calculations


• Benchmark order-by-order EFT  expansion χ

N03 Few-body systems

Figure N03.1: Left: Monopole transition form factor as a function of Q2 in comparison to other data,
the new Mainz experiment and calculations (see text for details). Right: Same but multiplied with 1/q2

and restricted to the low momentum region. Figures taken from Ref. [1]

reproducing the experimental data, but a central 3N force is not realistic. In Ref. [8], several
theoretical tests and benchmarks were done to compare with other calculations. Most notably,
the results obtained by Hiyama with the AV8’+ central 3N force [26] were reproduced within a
few per cent. This suggests that the problem might not be in the computational method, i.e.,
the numerical solution of the Schrödinger equation, but rather in the modeling of the nuclear
Hamiltonian. Interestingly, the Pisa group [27] found that the position of the resonance is very
sensitive to 3N forces and their recent calculations [28] confirm our high result for the monopole
form factor when using the same chiral interactions.
The new MAMI data have spurred a number of theoretical investigations. In Ref. [29] a new
transition density was derived from the observed form factor, and two recent calculations found
agreement with the MAMI form factor data, either without 3N forces [30] within the no-core
Gamow shell model method, or with 3N forces in the lattice EFT approach [31]. These interest-
ing findings make it necessary to further study this observable and understand why there is a
puzzle with specific 3N Hamiltonians.

Preparing MAGIX for few-body experiments

Another experimental investigation at MAMI explored inclusive electron-scattering measure-
ments on a liquid deuterium target as well as on cryogenic 3He and 4He targets. The preci-
sion has been limited by significant background contributions from scattering on target foils,
as shown in Fig. N03.2 (left panel). In this figure, �E0 corresponds to the difference between
detected electron energy and the energy calculated from the detected electron angle for elastic
scattering. The peak at �E0 = 0 corresponds to elastic scattering, while the deuteron breakup
contributes for �E0 > 2.2 MeV. Irreducible background is introduced by the interaction of the
electron beam with surrounding structures such as cell walls or foils. Empty cell data reveal that
this background significantly contributes to the signal region. A precise subtraction of empty
cell data is complicated by the slight, yet significant, difference in energy loss within the tar-
get material. It also cannot account for scattering on cryogenic depositions on the target, the
quantity of which may vary over time, further complicating the matter.
To overcome this limitation, a cryogenic gas-jet target was developed at the University of Mün-
ster [32] for MAGIX. It has already been commissioned [33] and successfully utilized for experi-
mentation [34] at A1. This target will be migrated to MAGIX as part of Project H05, where it will
serve as a proton target, and it will also be used in Projects B05 and N02.
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Few-body physics: from Earth to the stars…
• Photo-dissociation  cross section


• Time-reversed of  radiative capture


• Determines  ratio, influences nucleosynthesis


• Extract  factor for  near Gamow peak


• Benchmark calculations from cluster EFT

16O(e, e′￼α)12C
12C(α, γ)16O

12C/16O

S 12C(α, γ)16O

χ

Spectrometer

Silicon strip 
detector

Data needed!
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Other MAGIX physics goals
• Electrons for neutrinos


• Benchmark vector part of neutrino-nucleus 
interactions with electron scattering


• Sub-50 MeV inelastic cross sections relevant for 
supernova neutrinos
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Figure 1. Time evolutions of neutrino luminosity (top) and mean energy (middle) and energy
spectrum (bottom) from a core-collapse 27M� SN for the different neutrino species, using Garching
group 1-d simulations [20].
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Other MAGIX physics goals
• Electrons for neutrinos


• Benchmark vector part of neutrino-nucleus 
interactions with electron scattering


• Sub-50 MeV inelastic cross sections relevant for 
supernova neutrinos

• Dark matter search

• Exploit high-resolution spectrometers for 

coincidence measurements, displaced vertex 
searches
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Figure 1. Time evolutions of neutrino luminosity (top) and mean energy (middle) and energy
spectrum (bottom) from a core-collapse 27M� SN for the different neutrino species, using Garching
group 1-d simulations [20].
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Other MAGIX physics goals
• Electrons for neutrinos


• Benchmark vector part of neutrino-nucleus 
interactions with electron scattering


• Sub-50 MeV inelastic cross sections relevant for 
supernova neutrinos

• Dark matter search

• Exploit high-resolution spectrometers for 

coincidence measurements, displaced vertex 
searches

• Improved determination of nuclear charge radii
• Nuclear resonances in neutron-rich nuclei
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• Rich physics program including tests of the Standard Model, dark matter 
searches, and precision measurement of nuclear structure

• Beam through cryomodules late 2026

• 55 MeV beam on MAGIX target early 2027 


• Commission spectrometers with 12C


• Perform first physics measurement of Hoyle state

• Beam on P2 target late 2027


• Perform first physics measurement of backward  
asymmetry (sensitive to , )Gp,Z
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