
QNP2022
the 9th International Conference 
on Quarks and Nuclear Physics

September 5-9, 2022
online conference

from outer space to deep inside:
exploring neutron skins

Michaela Thiel
on behalf of the A1 and P2 collaborations
Institut für Kernphysik, Johannes Gutenberg-Universität Mainz



quarks & gluons

protons &
neutrons

light nuclei

heavy nuclei
stars
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neutron star
(not to scale)208Pb 

(not to scale)

18 orders of magnitude difference…

… but it is always neutron-rich matter…

…described by the same nuclear Equation Of State



Equation Of State
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symmetry energy

slope parameter

curvature parameter

…

with 𝜹𝜹 = 𝝆𝝆𝒏𝒏−𝝆𝝆𝒑𝒑
𝝆𝝆
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symmetry energy

slope parameter

curvature parameter

…

J. Piekarewicz and F.J. Fattoyev, Physics Today 72, 7, 30 (2019)

with 𝜹𝜹 = 𝝆𝝆𝒏𝒏−𝝆𝝆𝒑𝒑
𝝆𝝆



neutron skin
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neutron    proton

pressure forces neutrons out against surface tension

stable nuclei (N≈Z)

neutron rich nuclei (N>>Z)
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neutron skin
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neutron skin

5/13

from measurable observables 
to neutron skin

none

is an actual measurement
of neutron skin!
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highway to hell or stairway to heaven?

FSU band:
0.176 fm < NSkin < 0.286 fm
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A. Tamii et al., PRL 107 (2011) 062502
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X. Roca-Maza et al., PRC 88 (2013) 024316)

G. Hagen et al., Nature Physics 12 (2016) 186
J. Birkhan et al., PRL 118 (2017) 252501
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Parity-Violating Electron Scattering (PVES) 
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𝐀𝐀𝐏𝐏𝐏𝐏 =
𝐆𝐆𝐅𝐅𝐐𝐐𝟐𝟐

𝟐𝟐𝛑𝛑𝛑𝛑 𝟐𝟐
𝟏𝟏 − 𝟒𝟒𝟒𝟒𝟒𝟒𝐧𝐧𝟐𝟐 𝛉𝛉𝐰𝐰 −

𝐅𝐅𝐰𝐰 𝐐𝐐𝟐𝟐

𝐅𝐅𝐜𝐜𝐜𝐜 𝐐𝐐𝟐𝟐

𝐀𝐀𝐏𝐏𝐏𝐏 =
𝛔𝛔𝐑𝐑 − 𝛔𝛔𝐋𝐋

𝛔𝛔𝐑𝐑 + 𝛔𝛔𝐋𝐋



PVES: extraction of neutron skin
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PREX-2 result:

APV = 550 ± 16 (stat) ± 8 (sys) ppb
Rskin = 0.278 ± 0.078 fm

D. Adhikari et al., PRL 126 (2021) 172502



PVES: extraction of neutron skin
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APV = 550 ± 16 (stat) ± 8 (sys) ppb
Rskin = 0.278 ± 0.078 fm

→ L = ± 50 MeV

PREX-2 result:

J. Piekarewicz, F.J. Fattoyev, Physics Today 72, 7, 30 (2019)



it is all connected
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EOS
neutron

skin

grav.
waves

NICER
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from outer space to deep inside

soft EOS vs. stiff EOS



ultimate determination of the neutron-skin 
thickness of 208Pb 
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(Mainz Radius Experiment)
the new stage:

Mainz Energy recovering
Superconducting Accelerator

@ MESA
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MESA:
o 1.3 GHz c.w. beam
o normal conducting injector LINAC
o superconducting cavities in 

recirculation beamline

(Mainz Radius Experiment)

ultimate determination of the neutron-skin 
thickness of 208Pb 
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(Mainz Radius Experiment)

ultimate determination of the neutron-skin 
thickness of 208Pb 



±0.03 fm determination of neutron-skin thickness (      60 days)

Chuck Horowitz
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: Figure Of Merit



summary (exciting times are ahead) 
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