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2

Pion photoproduction: DWA

P. Capel, F. Colomer, S. Tsaran, M. Vanderhagen 
Conclusions and perspectives

Coherent ⇡0 photoproduction and study of the Sn isotopic chain :

⌅ Working code for PWIA amplitudes for photoproduction V (�)
⇡� (k⇡,k�)

⌅ Working code for scattering matrix F⇡A of ⇡0

Resolution of the Lippmann-Schwinger equation
Singularity of Coulomb solved : better constrains on UNucl(k0, k)

⇤ DWIA amplitudes calculation

O↵-shell photoproduction amplitudes V (�)
⇡� (k0

⇡,k�)

⇤ Devise a better form for UNucl(k0, k)
Research ongoing with Pr. M. Vanderhaeghen & S. Tsaran, JGU Mainz
(Co-tutelle with Mainz)

⇤ Calculation of neutron skin for the Sn isotopic chain

Frederic Colomer (ULB) Pntpm meeting August the 22nd, 2017 27 / 28

+ a.o. Treatment of Resonances,  
+ Use Effective Potentials (J. Piekarewicz)

FSU000 (NSkin = 0.284 fm) 
FSU040 (NSkin = 0.189 fm)

“ …at the extremes of models that I feel 
comfortable do not "brake" the nuclear chart. “ (JP)
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P. Capel, F. Colomer, S. Tsaran, M. Vanderhagen 

FSU000 (NSkin = 0.284 fm) 
FSU040 (NSkin = 0.189 fm)

“ …at the extremes of models that I feel 
comfortable do not "brake" the nuclear chart. “ (JP)

#MakeHumansSmartAgain
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F. Colomer PhD Thesis (2020) to be published
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   

   

PVES

PV-Asymmetry

The -REX family
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PVES

PV-Asymmetry

The -REX family

P2@MESA: 2023+
Commissioning (12C): 2023-2024
First Weinberg Run: 2024-2025
MREX: 2025+ 

What if in 2025+ there is no 
need for a 0.5% measurement?

tt KK

KK tt
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What if in 2025+ there is no 
need for a 0.5% measurement?

Chen, Piekarewicz arXiv:2006.08405
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1 Starting Point

become even more crucial for future experiments [13,15,16] aiming at a precision much higher
than ever attained before.
Moreover, such measurements provide themselves an interesting challenge for theoretical pre-
dictions, requiring calculation of box diagrams with intermediate excited states.
So far, the transverse asymmetry at forward angles (✓ < 6

�) has been measured at JLab on
1H, 4He, 12C, and 208Pb [17]. A comparison to available theoretical calculations [18] showed a
good agreement with the data except for 208Pb: this striking disagreement has been a matter
of debate in the community since its publication.
To that purpose a comprehensive experimental program to investigate beam-normal single spin
asymmetries [19,20] has been carried out at MAMI combining the high precision A1 spectrom-
eters [21] and the DAQ electronics, beam monitoring and stabilization of the A4 collabora-
tion [22–25]. It has laid an excellent basis for a significant near-future nuclear parity-violation
measurement program, combining the existing expertise both in nuclear physics and in parity-
violation electron scattering experiments.
The polarized 570MeV electrons were produced using a strained GaAs/GaAsP super lattice
photocathode that was irradiated with circularly polarized laser light [26, 27]. The longitudinal
spin of the electrons leaving the photocathode was rotated to transverse orientation (in the
horizontal plane) using a Wien filter which is positioned between the 100 keV polarized electron
source and the injector linac of the accelerator. The polarization vector was finally rotated to
vertical orientation using a pair of solenoids, located close behind the Wien filter. The orienta-
tion of the electron beam polarization vector was alternated between up and down by setting
the high voltage of a fast Pockels cell in the optical system of the polarized electron source.
Since the MAMI accelerator so far had not been used to provide a vertically polarized beam,
it is not equipped with a polarimeter capable of measuring the vertical polarization component
directly. A new procedure has been applied to orient the electron polarization vector vertically,
and a new sophisticated method has been developed to determine both its magnitude and ori-
entation with the available setup [28]. This was accomplished using a Mott polarimeter [29]

Figure 3: Left: Focal plane coordinate system of the high-resolution magnetic spectrometer (SpecA).
Only coincidence events from the VDC and the PV-detector are shown. The insert shows the PV-
detector consisting of three PMTs attached to a fused-silica bar. Right: The excitation energy spectrum
of 12C shows the acceptance of the spectrometer without (black line) and with (filled areas) a cut on the
PV-detector.

downstream of the 3.5MeV injector linac and a Møller polarimeter [28] close to the interaction
point in the spectrometer hall. The degree of the vertical polarization was deduced by subtract-
ing the horizontal polarization components from the total polarization.
For the measurements of the transverse asymmetry a 20µA continuous-wave beam of verti-
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Scenario 1:

EBeam IBeam Scattering Angle ✓ Four-Momentum Transfer Q2 Running Time

SpecA SpecB SpecA SpecB

855MeV 20µA 23.50� 10.35� 0.12GeV2/c2 0.02GeV2/c2 78 days

Scenario 2:

EBeam IBeam Scattering Angle ✓ Four-Momentum Transfer Q2 Running Time

SpecA SpecB SpecA SpecB

570MeV 20µA 24.4� 15.2� 0.06GeV2/c2 0.02GeV2/c2 166 days

Table 2: Running conditions for the two possible scenarios.

Figure 6: Cross section (top panel), parity-
violating asymmetry APV (middle panel) and sen-
sitivity " of the asymmetry to changes in the sur-
face thickness (bottom panel) as a function of the
scattering angle ✓ for elastic scattering of electrons
off 208Pb at beam energies of 570MeV (green) and
855MeV (orange).

In Fig. 6 the results of the calculation for the
sensitivity to the surface thickness in 208Pb
are shown for the two beam energies at which
the stabilization of MAMI works and that are
best suited for the aimed experiment. At
forward scattering angles a measurement of
the parity-violating asymmetry of 208Pb has
a reduced sensitivity to the surface thickness
(see Fig. 6, bottom panel). While the sensitiv-
ity is increasing with the scattering angle, the
cross section drops drastically (see Fig. 6, top
panel).
To take into account the different behaviours
of the three quantities shown in Fig. 6 in
the optimisation process the figure of merit
(FOM)

FOM =
d�

d⌦
·A2

PV · "2a. (9)

is computed.
The kinematics of the experiment is then cho-
sen for a maximum of FOM thus reducing the
total beam time needed to achieve the re-
quired accuracy. In addition the sensitivity
of APV to the weak-charge radius must be
suppressed w.r.t. the sensitivity to the sur-
face thickness for the given beam energy and
scattering angles.
The comparison of the two corresponding
FOMs in Fig. 7 clearly shows that this is ful-
filled for 855MeV beam energy and spectrom-
eter B placed at 10.35� as well as for 570MeV

beam energy and spectrometer B placed at
15.2�.
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Figure 7: Comparison between the FOMs of the sensitivities to the surface thickness and to the weak-
charge radius for 855MeV (left panel) and 570MeV (right panel). The grey area depicts the angular
acceptance of spectrometer B.

A measurement at 855MeV is the optimal choice to achieve the requested accuracy of 10%
within the shortest amount of time (78 days beam time are required). However such a mea-
surement poses several experimental challenges. In order to access 10.35� with spectrometer
B several major modifications to the experimental setup have to be made (see risk assessment
in 2.3.6). This could require longer commissioning of the experimental setup and major delays
due to higher radiation load in the experimental hall.
By contrast, the kinematics at 570MeV is well tested and well-understood on grounds of our
previously performed An studies. Here, no major construction work is necessary in order to
perform the experiment. However, due to the lower cross section, the running time will be
about twice longer compared to the 855MeV measurement.
For both investigated scenarios, the Cherenkov detector in spectrometer A will be used to
measure the weak form factor FW(Q2

) at a higher Q2 value. Because of the lower cross section,
this measurement will be less precise in the given time period, but it will provide a second
experimental anchor of the weak form factor to benchmark theoretical predictions. For the
measurement of the weak form factor, it is necessary to reduce the angular acceptance of
the PV-detector placed in spectrometer A in order to narrow the momentum transfer range of
FW(Q2

) yielding a more precise result.
Based on the long running time, the experimental campaign needs to be divided into several
beam-time blocks of three weeks each. Due to possible contributions of the normal component
in the polarization vector, each beam time has to include a measurement of the transverse
asymmetry An.

2.3.5 WP 5: Analyses and Publications

The novel method of performing parity-violation experiments by counting individual scattered
electrons with the developed electronics system (WP 1) will be published in a peer-reviewed
journal specialized on instrumentation.
For the analysis of the data of WP 3 all the tools and coding is well-proven and ready for
operation. Hence, the obtained results are expected to be published in a high ranking peer-
reviewed journal shortly after the end of both experimental campaigns.
The tools and coding used for the analysis of the transverse asymmetry can be also used for
the analysis of the data of WP 4 with respect to the extraction of the parity-violating asymmetry.
Due to the long running time of the entire experiment, it will be subdivided into several beam
time blocks. Here, the data of each block can be analyzed separately and the individual results
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Figure 7: Comparison between the FOMs of the sensitivities to the surface thickness and to the weak-
charge radius for 855MeV (left panel) and 570MeV (right panel). The grey area depicts the angular
acceptance of spectrometer B.

A measurement at 855MeV is the optimal choice to achieve the requested accuracy of 10%
within the shortest amount of time (78 days beam time are required). However such a mea-
surement poses several experimental challenges. In order to access 10.35� with spectrometer
B several major modifications to the experimental setup have to be made (see risk assessment
in 2.3.6). This could require longer commissioning of the experimental setup and major delays
due to higher radiation load in the experimental hall.
By contrast, the kinematics at 570MeV is well tested and well-understood on grounds of our
previously performed An studies. Here, no major construction work is necessary in order to
perform the experiment. However, due to the lower cross section, the running time will be
about twice longer compared to the 855MeV measurement.
For both investigated scenarios, the Cherenkov detector in spectrometer A will be used to
measure the weak form factor FW(Q2

) at a higher Q2 value. Because of the lower cross section,
this measurement will be less precise in the given time period, but it will provide a second
experimental anchor of the weak form factor to benchmark theoretical predictions. For the
measurement of the weak form factor, it is necessary to reduce the angular acceptance of
the PV-detector placed in spectrometer A in order to narrow the momentum transfer range of
FW(Q2

) yielding a more precise result.
Based on the long running time, the experimental campaign needs to be divided into several
beam-time blocks of three weeks each. Due to possible contributions of the normal component
in the polarization vector, each beam time has to include a measurement of the transverse
asymmetry An.

2.3.5 WP 5: Analyses and Publications

The novel method of performing parity-violation experiments by counting individual scattered
electrons with the developed electronics system (WP 1) will be published in a peer-reviewed
journal specialized on instrumentation.
For the analysis of the data of WP 3 all the tools and coding is well-proven and ready for
operation. Hence, the obtained results are expected to be published in a high ranking peer-
reviewed journal shortly after the end of both experimental campaigns.
The tools and coding used for the analysis of the transverse asymmetry can be also used for
the analysis of the data of WP 4 with respect to the extraction of the parity-violating asymmetry.
Due to the long running time of the entire experiment, it will be subdivided into several beam
time blocks. Here, the data of each block can be analyzed separately and the individual results
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Equation Of State
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symmetry energy

slope parameter

curvature parameter

…
KEEP DISTANCE Me  

neither!

…Omen Nomen

…since MITP2016 cleaning in progress

..waiting eagerly for a new plot of  my (second) favourite theory colleagues!

JP: “MREX measures pure neutron matter at saturation density and nobody can do it better”
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