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Fig. 5. (Color online) Central values of Esym(ρ0) and L(ρ0) from 28 model analyses of terrestrial nuclear experiments and
astrophysical observations. Modified from similar plots in ref. [75] by updating the result of Sotani et al. in their analyses of the
quasi-periodic oscillations of neutron stars [76,77].

Fig. 6. (Color online) The radial part of the tensor force due
to pion and ρ meson exchange at densities of ρ = 0, ρ0, 2ρ0,
and 3ρ0 with the in-medium ρ mass of m!

ρ/mρ = 1 − 0.2ρ/ρ0.
Taken from ref. [78].

3.2 The role of the tensor force in the isosinglet
nucleon-nucleon interaction channel

The second-order tensor contribution to nuclear symmetry
energy has been studied for a long time, see, e.g., refs. [92–
95]. It is approximately

〈Vsym〉 =
12
eeff

〈V 2
t (r)〉, (15)

where eeff ≈ 200MeV and Vt(r) is the radial part of the
tensor force [95]. In the one-boson-exchange picture, the
tensor interaction results from exchanges of the isovector
π and ρ mesons. The tensor part of the one-pion exchange
potential can be written as [96–98]

Vtπ = − f2
π

4π
mπ(τ1 · τ2)S12

·
[

1
(mπr)3

+
1

(mπr)2
+

1
3mπr

]
exp(−mπr) (16)

where r is the inter-particle distance and

S12 = 3
(σ1 · r)(σ1 · r)

r2
− (σ2 · σ2) (17)

is the tensor operator. The ρ-exchange tensor interaction
Vtρ has the same functional form but an opposite sign,
namely, the mπ is replaced everywhere by mρ, and the
f2

π by −f2
ρ . The magnitudes of both the π and ρ contri-

butions grow quickly but in opposite directions with de-
creasing r as the density increases. The net result from
the π and ρ exchanges depends strongly on the poorly
known ρ-nucleon coupling strength. Moreover, while there
is still no solid experimental confirmation, it is possible
that the in-medium ρ meson mass mρ is different from its
free-space value. A density-dependent in-medium ρ me-
son mass mρ leads to very different tensor forces in dense
medium [96–98], and thus different Esym(ρ) at high densi-
ties [78,88,89,99,100]. As an illustration, shown in fig. 6 is

Bao-An Li et al., Eur. Phys. J. A (2019) 55: 117 
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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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Phys. Rev. C 82, 054314 (2010).

[12] I. Angeli, At. Data Nucl. Data Tables 87, 185 (2004).
[13] B. A. Brown, Phys. Rev. Lett. 85, 5296 (2000); S. Typel

and B.A. Brown, Phys. Rev. C 64, 027302 (2001).
[14] R. J. Furnstahl, Nucl. Phys. A706, 85 (2002).
[15] A.W. Steiner, M. Prakash, J.M. Lattimer, and P. J. Ellis,

Phys. Rep. 411, 325 (2005).
[16] B. G. Todd-Rutel and J. Piekarewicz, Phys. Rev. Lett. 95,

122501 (2005).
[17] M. Centelles, X. Roca-Maza, X. Viñas, and M. Warda,
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What powers a star? 

A Gravitational energy B  Chemical energy 
C Radioactivity         D  Nuclear energy      

What do these data points have in common?
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The stairway to heaven 
(or the highway to hell, depending on your level of optimism)
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ππππ



Coherent π0 photoproduction: easy and quick (A2 Coll. Phys. Rev. Lett. 112, 242502 ) 

One MZ-Example
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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, $q 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, $q γ + A → πo + A%

→ πo + A + γ

transition form factors
∆ in-medium properties....
spin/iso-spin selection
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Impulse Approximation in a Nutshell PWIA

Plane Wave Impulse Approximantion

Coherent ⇡0
photoproduction

� + A! A + ⇡0

Plane Wave : No FSI in exit chanel ⇡0
-A

At the Impulse Approximation :

production of ⇡0
on one single nucleon

) coherent sum on each nucleon

Coherent ⇡0-photoproduction in the PWIA

|�0i

~k�

� ⇡0

~k⇡
t�⇡

|�0i

- Plane wave:
no final state interaction

- Impulse approximation:
coherent sum on each nucleon

Cross section in the PWIA

d�

d⌦
/

���f2(~k⇡,~k�)
���
2
|⇢1(q)|2

CGLN amplitude in f2 taken from MAID

Frederic Colomer (ULB/JGU-M) Thesis defence May the 28th, 2020 15 / 20

[Colomer, PhD (2020)]

d�
d⌦
/
���� f2(~k⇡,~k�) ⇢A(q)

����
2

f2 : CGLN amplitudes from MAID [Drechsel et al. EPJA 34, 69 (2007)]

⇢A : nucleus form factor

) Should give access to nuclear density, but

FSI

Higher-order effects [Miller PRC 100, 044608 (2019)]

9 / 17

…when not all roads lead to Rome

#MakeHumansSmartAgain
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Slide stolen from Pierre 😊

Plane wave impulse approximation (PWIA)

Plane wave: no final state interactions of the pion with nucleus.

Impulse approximation: only one nucleon interacts with the photon.

Factorisation approximation: e↵ective momenta for the nucleon.

V�⇡

k� = (E� ,~k�) k⇡ = (E⇡,~k⇡)

(EN , ~p) (E0
N , ~p 0)

pA = (EA,�~k�) p0
A = (E0

A,�~k⇡)

fN
�⇡

Frederic Colomer (ULB/JGU-M) A2 meeting February the 10th, 2020 11 / 31

arXiv:2204.13395v1

https://arxiv.org/abs/2204.13395
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…reality is distorted though …
…and it also has higher-order effects Miller PRC 100,044608 (2019)

Distorted wave impulse approximation (DWIA)

The reason why PWIA does not work well enough is rescattering of ⇡0

V�⇡ T⇡A

After its production, the ⇡0 undergoes ⇡-A scattering
! Cross section of photoproduction in DWIA (NPA 660, 423):

F�⇡(~k⇡,~k�) = V�⇡(~k⇡,~k�) +
A� 1

A

Z
d~k0⇡

2M(k0⇡)

T⇡A(~k⇡,~k0⇡)V�⇡(~k0⇡,~k�)

E(k⇡)� E(k0⇡) + i"
,

d�DWIA
d⌦ / |F�⇡|2 loses its proportionality to ⇢(q)

What potential is available?

Frederic Colomer (ULB/JGU-M) A2 meeting February the 10th, 2020 21 / 31

Slide stolen from Frederic 😊

arXiv:2204.13395v1

https://arxiv.org/abs/2204.13395


Coherent ⇡0
photoproduction on

208
Pb

208
Pb target
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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

…when not all roads lead to Rome
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208Pb

arXiv:2204.13395v1

https://arxiv.org/abs/2204.13395


…definitely not leading to Rome!
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arXiv:2204.13395v1
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SKIN AHEAD

…back to the (high-)stairway
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Collective 
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Resonance 
Strength
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X. Roca-Maza, et al., Phys. Rev. , C88:024316

G. Hagen et al., Nature Physics 12, 186-190 (2016)

✅High quality data on a variety of nuclei

👍Theory: enormous steady progress

…back to the (high-)stairway
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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

#MakeHumansSmartAgain
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The shortest of the roads … 
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PVES

PV-Asymmetry …. need a few N=1018 electrons!
… close to 1011 electrons/s
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  

    
 

    

 

   

   

The shortest of the roads …

#MakeHumansSmartAgain
… per aspera ad astra …

Brendan T. Reed, Z. Jaffe, C. J. Horowitz, CS PRC 102, 064308
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855 MeV

specB: 10.35°
Q2: 0.02 GeV2/c2

Ibeam: 20PA

running time: 78 days
- time, . modified setup

570 MeV

specB: 15.2°
Q2: 0.02 GeV2/c2

Ibeam: 20PA

running time: 166 days
. time, - well tested setup

: determination of the surface thickness of 208Pb 

2 Objectives and work program

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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Civil construction
• Progressing well
• No further delays since actual construction started
• Building scheduled to be ready in November 2021
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Neutron Skin: 

Quo vadis?
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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

208Pb
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Exploring different options at A1

to measure the surface thickness


of  208Pb
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Stand April 2021
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