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The chronicles of  MESA: 
Precision, perplexities 

and uncertain tales



The scene features a blend of scientific and fantastical elements. On one side, there's a detailed, realistic 
depiction of the MESA accelerator with beams of light and particles symbolizing high precision nuclear studies. 
In the background, a majestic neutron star is visible, hinting at the physics of neutron stars and the Equation of 
State of nuclear matter. On the other side, elements of a mystical forest are subtly incorporated, inspired by the 
Chronicles of Narnia, with an ancient book partially open, showing diagrams of atomic nuclei and equations. The 
overall color scheme is a mix of deep blues and purples, creating an atmosphere of mystery and exploration. The 
image should evoke a sense of wonder and scientific curiosity, seamlessly blending the real and the fantastical.
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MESA – Mainz Energy-Recovering Superconducting Accelerator
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MESA – Mainz Energy-Recovering Superconducting Accelerator

‣ Energy-recovery mode 
for high-intensity 
(MAGIX)

‣ External-beam mode 
for high polarisation 
(P2)

‣ Beam dump 
experiment 
(DarkMESA)

Multi-purpose facility low-energy precision physics experiments
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The MAGIX target

electrons

“target nuclei”

new
target

 large energy loss and multiple scattering

 background from target foils

● empty cell measurements

● not the same Eloss, multi scatt

● not for all settings ep experiment

● background model

 background from (thin) ice layer

 spectra distorted by (thin) ice layer

 rescattering on thick frame

 target length acceptance issues

typical
target

windowless,
thin, point-like

catcher

NO background, energy loss or multiple scattering from 
target foils and ice layer and re-scattering from frame, and 

target length acceptance issues!
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PVES

PV-Asymmetry

‣ External-beam mode for 
high polarisation (P2)

‣ Beam current 150 µA
‣ Polarisation > 85%
‣ High precision polarimetry
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…precision, perplexities and uncertain 
tales
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 Rebellious skins  

 The 4 -horsemen of  the Apocalypse
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Pressure forces neutrons 
out against surface tension
The neutron skin measures how 

much neutrons stick out past protons
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does not. Then, we have to conclude that a 3% accuracy in
APV sets modest constraints on L, implying that some of
the expectations that this measurement will constrain L
precisely may have to be revised to some extent. To narrow
down L, though demanding more experimental effort, a
!1% measurement of APV should be sought ultimately in
PREX. Our approach can support it to yield a new accuracy
near !!rnp ! 0:02 fm and !L! 10 MeV, well below any
previous constraint. Moreover, PREX is unique in that the
central value of !rnp and L follows from a probe largely
free of strong force uncertainties.

In summary, PREX ought to be instrumental to pave the
way for electroweak studies of neutron densities in heavy
nuclei [9,10,26]. To accurately extract the neutron radius
and skin of 208Pb from the experiment requires a precise
connection between the parity-violating asymmetry APV

and these properties. We investigated parity-violating elec-
tron scattering in nuclear models constrained by available
laboratory data to support this extraction without specific
assumptions on the shape of the nucleon densities. We
demonstrated a linear correlation, universal in the mean
field framework, between APV and!rnp that has very small
scatter. Because of its high quality, it will not spoil the
experimental accuracy even in improved measurements of
APV. With a 1% measurement of APV it can allow one to
constrain the slope L of the symmetry energy to near a
novel 10 MeV level. A mostly model-independent deter-
mination of !rnp of 208Pb and L should have enduring
impact on a variety of fields, including atomic parity
nonconservation and low-energy tests of the standard
model [8,9,32].

We thank G. Colò, A. Polls, P. Schuck, and E. Vives
for valuable discussions, H. Liang for the densities of
the RHF-PK and PC-PK models, and K. Kumar for infor-
mation on PREX kinematics. Work supported by the
Consolider Ingenio Programme CPAN CSD2007 00042

and Grants No. FIS2008-01661 from MEC and FEDER,
No. 2009SGR-1289 from Generalitat de Catalunya, and
No. N N202 231137 from Polish MNiSW.
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FIG. 3 (color online). Neutron skin of 208Pb against slope
of the symmetry energy. The linear fit is !rnp ¼ 0:101þ
0:001 47L. A sample test constraint from a 3% accuracy in
APV is drawn.
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Hadronic 
Probes

Cross-section

EM Probes

Photoproduction of mesons off nuclei - Overview

breakup (quasi-free)
πo

N
γ

γ + A → πo + A′ + N + ...

dσ
dΩ ∝

∑

|A|2 × ...

& nuclear effects & FSI & ...

in-medium properties of
mesons & resonances
meson - nucleon
interaction (FSI)...

coherent

γ

πo

A, q⃗ γ + A → πo + A

dσ
dΩ ∝ |

∑

A|2 × F2(q2) × ...

& nuclear effects & FSI & ...

nuclear form factors
∆ in-medium properties....
spin/iso-spin filters
meson - nucleus
bound states...

incoherent

γ

πo

γ′

A, q⃗ γ + A → πo + A⋆

→ πo + A + γ

transition form factors
∆ in-medium properties....
spin/iso-spin selection

(Personal selection)
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in-medium properties of
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nuclear form factors
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bound states...

incoherent
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γ′
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transition form factors
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Use different nucleonic densities

I São Paulo [Chamon et al. PRC 66, 014610 (2002)]

I FSU calculations [Todd-Rutel & Piekarewicz, PRL 95, 122501 (2005)]

with different neutron skins

I São Paulo : Rskin = 0.101 fm

I FSU : Rskin 2 [0.176, 0.286] fm

PWIA : in fair agreement with data

No sensitivity to neutron-skin thickness 15 / 17
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Non-PV e-scattering
Electron scattering γ exchange provides Rp through nucleus FFs

PV e-scattering
Electron also exchange Z, which is parity violating
Primarily couples to neutron
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…. need a few N=1018 electrons!
… close to 1011 electrons/s

J. Piekarewicz
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…precision, perplexities and uncertain 
tales
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 Rebellious skins  

 The 4 -horsemen of  the Apocalypse



Modern nuclear physics is about…

UNEDF SciDAC Collaboration 
Universal Nuclear Energy Density Functional

The Chronicles      of MESA #MakeHumansSmartAgain

…linking QCD to many-body systems



UNEDF SciDAC Collaboration 
Universal Nuclear Energy Density Functional
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…linking QCD to many-body systems

A scientific… tango

Precision 
Experiments

Relevant 

observable
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A scientific… tango

Few)Body)Program:)from)MAMI)to)MESA)

C.#Sfienti#for#project#N#

Sonia Bacca

• The coupling constant << 1 
  “With the electro-magnetic probe, we can immediately relate the cross section to the transition matrix element

    of the current operator, thus to the  structure of the target itself ”
  [De Forest-Walecka, Ann. Phys. 1966]     

   
� � |⇥�f |Jµ|�0⇤|2

• In few-body physics one can perform exact calculations both for bound and
   scattering states           test  the nuclear theory on light nuclei
     
                                                                

Motivation

2

• Provide useful numbers for astrophysics: 
- radiative capture reactions

- interaction of photons with nucleonic matter ...
                                                                 

Tuesday, 27 November, 12
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Motivation
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• Provide useful numbers for astrophysics: 
- radiative capture reactions

- interaction of photons with nucleonic matter ...
                                                                 

Tuesday, 27 November, 12

Exact(calcula4ons(both(for(bound(and(scahering(states:(
benchmark(of(nuclear(theory(on(light(nuclei

Energy)and)momentum)transfer)MUST)be)consistent)
with)ChEFT)predic.ons!)

S.(Bacca(et(al.(PRL(110,(042503((2013)

SMðq;!Þ ¼ SresMðq;!Þ þ SbgMðq;!Þ: (3)

For a narrow resonance one defines the resonance transi-
tion form factor

jFMðqÞj2 ¼ 1

Z2

Z
d!SresMðq;!Þ: (4)

In Fig. 1, we show results for FMðqÞ with two different
Hamiltonians including realistic three-nucleon forces
(3NFs) in comparison to experimental data from inelastic
electron scattering [4,10,11]. As Hamiltonians we use
(i) the Argonne V18 (AV18) [12] NN potential plus the
Urbana IX (UIX) [13] 3NF, (ii) an EFT based potential,
where we take the NN potential [14] at fourth order
(N3LO) in the chiral expansion augmented by a 3NF at
order N2LO [15]. The Coulomb potential is taken into
account in all calculations. Both the EFT and the AV18
NN potentials reproduce the NN scattering phase shifts
with high precision (!2=datum%1). In the EFT calcula-
tions, two different parametrizations of the 3NF have been
used, leading to the red band in Fig. 1. The chiral low
energy constants cD and cE have been determined either by
setting cD to a reasonable value and then fitting cE to the
three-nucleon binding energies [15] (cD ¼ 1 and cE ¼
&0:029) or by fitting to the 3H binding energy and beta
decay [16] (cD ¼ &0:2 and cE¼&0:205). We also display
the result of a previous calculation by Hiyama et al. [17],
with the AV8’ potential, a reduced version of AV18, and a
simplified central 3NF, fitted to the binding energy of 3H.
All three Hamiltonians reproduce the 4He experimental
binding energy within one percent. Surprisingly, the
results for FMðqÞ strongly depend on the Hamiltonian.
Furthermore, the realistic Hamiltonians fail to reproduce
the experimental data. In particular, this is true for the EFT

forces that predict a transition form factor twice as large as
the measured one.
In contrast, the realistic Hamiltonians lead to rather

similar results for the elastic form factor FelðqÞ of 4He,
defined as

FelðqÞ ¼
1

Z
h0jMðqÞj0i: (5)

In Fig. 2, FelðqÞ is shown for the AV18þ UIX model and
for the chiral EFT potentials. The fact that the results do
not differ significantly is not very surprising, since both
Hamiltonians give a very similar result for the radius:
1.432(2) fm [18] for AV18þ UIX and 1.464(2) fm for
N3LO plus theN2LO of Ref. [16], which is not far from the
experimental value of 1.463(6) fm (obtained from the
charge radius of Ref. [19] as explained in Ref. [20]).
Also shown in Fig. 2 is the result by Viviani et al. [21]
with theAV18þ UIX potential, which is indistinguishable
from ours, proving the level of accuracy of contemporary
four-body calculations.
Calculational method.—Our calculations are based on

the diagonalization of the Hamiltonian on a square inte-
grable hyperspherical harmonics (HH) basis. The HH con-
vergence is accelerated using the Suzuki-Lee unitary
transformation, which then leads to the effective interac-
tion HH (EIHH) method [22,23]. The high accuracy of this
approach can be inferred from the benchmark results in
Ref. [24] and also here from Table I, where we present the
binding energies of three- and four-body nuclei obtained
from EFT potentials including 3NFs. We agree with other
methods at the 10 keV level.
Results forSMðq;!Þ are often obtainedby discretizing the

continuum, where the Hamiltonian is represented on
a finite basis of square integrable functions and is then
diagonalized to obtain the eigenvalues e" and eigenfunctions
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FIG. 1 (color online). Theoretical transition form factor
jFMðq2Þj2 with Gn

E ¼ 0 calculated with various force models:
AV18þ UIX (full line), N3LOþ N2LO (red band), result from
Ref. [17] (dot-dashed line). Data from Frosch et al. [10],
Walcher [4], and Köbschall et al. [11].
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FIG. 2 (color online). Elastic form factor jFelðq2Þj of 4He
calculated with various force models: AV18þ UIX (full line),
N3LOþ N2LO (red band), result from Ref. [21] with AV18
+UIX (dot-dashed line). Data from Frosch et al. [36].
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Validation following prediction

Precision 
Experiments

Relevant 
Observables

Analysis(on(old(4He(MAMI(data(ongoing
S.(Kegel

• Exact calculations both for bound and scattering states

• Energy and momentum transfer MUST be consistent with ChEFT predictions!

S. Bacca et al, PRL110, 042503 (2013)



The four horsemen of the Apocalypse
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S. Kegel et al, PRL130, 152502 (2023)



The four horsemen of the Apocalypse

The trans. form factor describes the dynamics of 
excitation between resonance and ground state 
depending on Q2

The Chronicles      of MESA #MakeHumansSmartAgain

THEORY OF NUCLEAR STRUCTURE

�PT & ab-initio calculations for A=4
! 4He as lightest & stable system sensitive on 4N-forces
! Monopole resonance at E0+ = 20.21MeV

! Trans. form factor FM0+(Q2): describes the dynamics of excitation
between resonance and ground state depending on Q2

! Measurable with electron scattering as pure elm. Interaction

4HE TRANSITION FORM FACTOR

FM0+(Q2) / | < 0+
2 |M(Q2)|0+

1 > |
✓

d�
d⌦

◆

exp
/ |FM0+(Q2)|2 / Events

INTRODUCTION SYSTEMATIC INVESTIGATIONS OF THE 4HE MONOPOLE 7



Determination of a form factor
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FORM FACTORS & MISSING MASS DATA

Form Factor: Measurement of exp. Cross Sections at various Q2

DETERMINATION OF A FORM FACTOR

|F(Q2)|2 =

✓
d�
d⌦

◆

exp
/

✓
d�
d⌦

◆⇤

Mott✓
d�
d⌦

◆

exp
=

N -Nbg

Lint · ✏eff · ⌦

EXP. CROSS SECTION

Lint : int. Luminosity
✏eff : Det. Efficiency
⌦ : Phase Space
N-Nbg : No. of Events -

Background
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EXP. CROSS SECTION

Lint : int. Luminosity

✏eff : Det. Efficiency
⌦ : Phase Space
N-Nbg : No. of Events -

Background

INTEGRATED LUMINOSITY

Lint depends on

Target density and length

beam current

time of the measured setup

! monitored parameters
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FORM FACTORS & MISSING MASS DATA

Form Factor: Measurement of exp. Cross Sections at various Q2

DETERMINATION OF A FORM FACTOR

|F(Q2)|2 =

✓
d�
d⌦

◆

exp
/

✓
d�
d⌦
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Mott✓
d�
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◆
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=

N -Nbg

Lint · ✏eff · ⌦

EXP. CROSS SECTION

Lint : int. Luminosity
✏eff : Det. Efficiency

⌦ : Phase Space
N-Nbg : No. of Events -

Background

DETECTOR EFFICIENCY

✏eff depends on

Deadtime

Trigger

VDC parameters (e.g. drift gas density,
timing offsets)

! calibrated parameters
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FORM FACTORS & MISSING MASS DATA

Form Factor: Measurement of exp. Cross Sections at various Q2

DETERMINATION OF A FORM FACTOR

|F(Q2)|2 =

✓
d�
d⌦
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/
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d�
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Mott✓
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N -Nbg
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⌦ : Phase Space

N-Nbg : No. of Events -
Background

PHASE SPACE

⌦ depends on

Size of Collimator

central momentum pcent

scat. angle ✓

! simulated parameters

ANALYSIS SYSTEMATIC INVESTIGATIONS OF THE 4HE MONOPOLE 14
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FORM FACTORS & MISSING MASS DATA
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Lint : int. Luminosity
✏eff : Det. Efficiency
⌦ : Phase Space
N-Nbg : No. of Events -

Background

BACKGROUND SUBTRACTED EVENTS

N-Nbg depends on

Nbg : e- scattering on Target cell
Material 27Al

Nbg : Elastic and Quasi Elastic e-

scattering on 4He

N : Resonance Model
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Background subtraction

Aluminum target walls: Semi-empirical model of elastic, quasi-elastic, inelastic scattering
Check with emtpy cell runs!

Radiative tail of 3He elastic line: Elastic Form Factor + radiative corrections

Check of model-calibration at mass region below break-up channel

Harald Merkel, EFB 25, Mainz 08/23 7/16

• Aluminum target walls
Semi-empirical model of elastic, quasi-elastic, inelastic 
scattering. Check with empty cell runs! 

• Radiative tail of 4He elastic line
Elastic Form Factor + radiative corrections 



Determination of a form factor
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Separation of Break-up Channel

Quasi-free knockout of a proton: e+ 4He ! e0+ 3H+ p

Standard quasi-free Model: Spectral function and off-shell cross section

Fit of Monopole line width (incl. threshold effects)

G0 = 288±39keV

Harald Merkel, EFB 25, Mainz 08/23 8/16
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• 4He continuum
Model includes quasi-elastic processes and 
other resonances (two background models)

• 4He monopole resonance
Parameterisation to simulate the resonance in 
the spectra (two line shapes)

FORM FACTORS & MISSING MASS DATA

Form Factor: Measurement of exp. Cross Sections at various Q2
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Results for the transition FF
RESULTS OF THE TRANSITION FORM FACTOR

Fit parameterisations

! |FM0+(Q2)|2 fitted with B-Splines and Polynomial ⇥ Exp.

! Dependence of Background and Resonance Models embedded by
repeating analysis for all combinations BG1/BG2 with �1/�2

,! Model confidence band

MODEL UNCERTAINTY

BG1-BG2

Variation of ± 3.2% on |FM0+ |
2

�1 - �2

Diff. of -5.8% on |FM0+ |
2 for �1

Model uncertainty

BG1 - BG2 ± 3.2 %

�1-�2 - 5.8 %
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The transition form factor is obtained from the exper-
imental cross section divided by the normalized Mott cross
section,

jFM0þðQ2Þj2 ¼
!
dσ
dΩ

"

Exp
=

!
dσ
dΩ

"

Mott
: ð4Þ

It is beneficial to take advantage of the simultaneously
measured elastic peak of 4He to avoid fluctuations in the
data caused by different luminosities and determine the
monopole form factor relative to the elastic peak. Both
quantities, the elastic peak and the monopole resonance,
exhibit a slightly different Q2 which was accounted for
when evaluating the form factor ratio. The value of Q2 is
determined by a binned distribution taking into account the
applied data cuts. Those cuts were first restricted to
%240 keV around both peaks to keep the influence of
the continuum background to the form factor ratio small.
The relative transition form factor established this way is
then in a last iteration step improved by extending themmiss
cut from 19.5 to 22 MeV to include large contributions of
the monopoles radiative tail. For this purpose, the reso-
nance peak is simulated with parametrization σ1 and σ2 and
the valid transition form factor ratio and in combination
with the backgrounds BG1 and BG2, respectively, opti-
mized to data in order to minimize the χ2. Within this
minimization procedure, the simulation of the monopole
resonance peak is allowed to float only by a factor, which is
then used to adjust the transition form factor. Further details
of the data analysis can be found in the supplemental
material [32].
Our final experimental results for the monopole tran-

sition form factor are shown in Fig. 3, in comparison to the
χEFT calculation from Ref. [11]. A third order basis spline
polynomial is used to fit the data. To account for the model
uncertainties, the analysis was repeated with all remaining
combinations of resonance parametrizations and back-
ground models. Analyzing the transition form factor with
model BG1 leads to a variation of δBG model ¼ %3.2%
around the results obtained by BG2, see Table II.
However, a constant shift of the transition form factor to
higher or lower values by a different continuum model
could not be verified. On the contrary, analyzing the data
with σ1 from (1) leads to an average shift of the transition
form factor of δres model ¼ −5.8% and thus to smaller
values. These model dependencies were added linearly

to the (blue) model confidence band in Fig. 3, representing
the model uncertainty of the data. The contributions to the
total systematic uncertainty on the extraction of the
transition form factor are summarized in Table II. A
conservative error of the elastic form factor of 4He, used
to normalize the data, has been estimated as point-to-point
uncertainty to 0.5% as given by the authors in [20].
Background subtraction of the elastic tails from 4He,
27Al, and the quasielastic scattering off 27Al contribute to
the systematic uncertainty with up to 1%. The FWHM of
the monopole resonance Γ0 influences the transition form
factor jFM0þðQ2Þj2 by 4% and contributes the major
uncertainty. This uncertainty has been estimated by varying
Γ0 within a realistic error range and observing the effect
onto the transition form factor. All systematic errors were
added quadratically to the statistical errors. Our results
agree with previous data [13,14] albeit having a much
higher precision and thereby reinforce the tension with
ab initio calculations [11], where, for example, the χEFT
result is 100% too high at Q2 ¼ 1.5 fm−2 with respect to
the new data.
Since the low-q2 part of the transition form factor allows

for a direct access to gross features of the 0þ2 state, we shall
focus now on discussing this q2 range. A q⃗ → 0 expansion
yields [33,34]

TABLE I. FWHM Γ0 for the investigated resonance para-
metrizations σ1 Eq. (1) and σ2 Eq. (3) and the two background
parametrizations BG1 and BG2.

BG1 (keV) BG2 (keV)

σ1 268% 43 285% 33
σ2 262% 47 288% 39

FIG. 3. Monopole transition form factor as a function of Q2, in
comparison to previous data [12–14] and χEFT prediction [11]
(see text for details).

TABLE II. Contributions to the systematic uncertainties of the
transition form factor and the model dependencies.

Source ΔjFM0þðQ2Þj2 (%)

Background %1
4He ground state form factor %0.5
ΔΓ0 %4

Model uncertainties

BG1-BG2 %3.2
σ1 − σ2 −5.8

PHYSICAL REVIEW LETTERS 130, 152502 (2023)

152502-4

• Transition form factor fitted with B-Splines and Polynomial x Exp.
• Dependence of background and resonance models embedded by repeating analysis 

for all combinations of BG1/BG2 and σ1/σ2
→ model confidence band

• At MAGIX we can reduced the uncertainties and measure at lower Q2
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• Transition form factor fitted with B-Splines and Polynomial x Exp.
• Dependence of background and resonance models embedded by repeating analysis 

for all combinations of BG1/BG2 and σ1/σ2
→ model confidence band

• At MAGIX we can reduced the uncertainties and measure at lower Q2

The four horsemen of the Apocalypse

… but would it really help?



…precision, perplexities and uncertain 
tales
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 Resonance position

Large dependence on the nuclear Hamiltonian

Table 1: Energy of the 0
+
resonance and its width as extracted from the phase-

shifts. The experimental values are extracted from the R-matrix analysis.

Interaction ER (MeV) � (MeV)

N3LO500 0.126 0.556

N3LO600 0.134 0.588

N3LO500/N2LO500 0.118 0.484

N3LO600/N2LO600 0.130 0.989

N4LO450/N2LO450 0.126 0.400

N4LO500/N2LO500 0.118 0.490

N4LO550/N2LO550 0.130 0.740

Expt. 0.39 0.50

Viviani et al, Phys. Rev. C 102, 034007 (2020) 

SIMULATION OF THE 0+-RESONANCE

N : Initial form factor determined relative to the ground state
! Narrow cut in the spectra around the peak maxima
! Fit of the resonance with background models

BG1: Linear Background , BG2: Gaussian Tail

Form factor ratio of the 0+-Resonance relative to 4He Ground State

Linear Background BG1 Gaussian Background BG2
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RESULTS OF FWHM �0

! Results of �0 with stat. & sys. uncertainty

! In agreement with existing data, but reduced uncertainty

,! Favored Model: �2 with Gaussian Background BG2

- BG1 BG2

�1 268 ± 43 keV 285 ± 33 keV

�2 262 ± 47 keV 288 ± 39 keV

Existing values

Frosch et al. 400 ± 100 keV

Walcher et al. 270 ± 50 keV

Köbschall et al. 240 ± 70 keV
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 Resonance position

Large dependence on the nuclear Hamiltonian

Table 1: Energy of the 0
+
resonance and its width as extracted from the phase-

shifts. The experimental values are extracted from the R-matrix analysis.

Interaction ER (MeV) � (MeV)

N3LO500 0.126 0.556

N3LO600 0.134 0.588

N3LO500/N2LO500 0.118 0.484

N3LO600/N2LO600 0.130 0.989

N4LO450/N2LO450 0.126 0.400

N4LO500/N2LO500 0.118 0.490

N4LO550/N2LO550 0.130 0.740

Expt. 0.39 0.50

Viviani et al, Phys. Rev. C 102, 034007 (2020) 

 More calculations
Michel et al., PRL 131, 242502(2023)

However, factor potentially wrong, Peng et al, 
(privat. comm. - comment submitted to PRL)
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 Resonance position

Large dependence on the nuclear Hamiltonian

Table 1: Energy of the 0
+
resonance and its width as extracted from the phase-

shifts. The experimental values are extracted from the R-matrix analysis.

Interaction ER (MeV) � (MeV)

N3LO500 0.126 0.556

N3LO600 0.134 0.588

N3LO500/N2LO500 0.118 0.484

N3LO600/N2LO600 0.130 0.989

N4LO450/N2LO450 0.126 0.400

N4LO500/N2LO500 0.118 0.490

N4LO550/N2LO550 0.130 0.740

Expt. 0.39 0.50

Viviani et al, Phys. Rev. C 102, 034007 (2020) 

 More calculations
Meißner et al., PRL 132, 062501 (2024)

However, Fourier transform of transition 
density is higher than data (tail was modified) 

However, factor potentially wrong, Peng et al, 
(privat. comm. - comment submitted to PRL)
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… and uncertain tales…

MESA is the facility to lead precision 2.0
…get all your errors in order! :-)

Challenge to EFT: Propose a (new) observable 
and make a prediction! 

…is it still a tango?

…also new data on the proton crisis, 
search for exotic particles, reactions for 
astrophysics … 

LUNA coll. , Nature 587 (2020) 21




