from outer space to deep inside:
exploring neutron skins
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the many facets of nuclear matter

neutron star

4..',5’2},””9"3' 208pp (not to scale)
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\\ ~ protons &
b |
e WS Neutrons

AR 18 orders of magnitude difference...
quarks & gluons  ~
{w' ... but it is always neutron-rich matter...

...described by the same nuclear Equation Of State
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Equation Of State
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Equation Of State
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J. Piekarewicz and F.J. Fattoyev, Physics Today 72, 7, 30 (2019)
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neutron skin

p(n 1

Stable nUCIGi (N“Z) neutron proton

p(r)

neutron rich nuclei (N>>2)

neutron
skin

pressure forces neutrons out against surface tension
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highway to hell or stairway to heaven?

Experimental Challenges
(in unit of frustration)
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Theo. uncertainties (a.u)
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highway to hell or stairway to heaven?
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highway to hell or stairway to heaven?

sics | \ Editors’ Suggestion ‘

Neutron Skin of ***Pb from Coherent Pion Photoproduction | Y =+ A(g.s.) — m0 + A(g.s.)

C. M. Tarbert et al. (Crystal Ball at MAMI and A2 Collaboration) o W
Phys. Rev. Lett. 112, 242502 — Published 18 June 2014
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Neutron Skin of ***Pb from Coherent Pion Photoproduction | Y =+ A(g.s.) — m0 + A(g.s.)

C. M. Tarbert et al. (Crystal Ball at MAMI and A2 Collaboration) o W
Phys. Rev. Lett. 112, 242502 — Published 18 June 2014
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PhYSICS See Synopsis: Neutron Skin Turns Out to Be Soft

Aryp, = 0.15 + 0.03(stat.) *g.93(sys. )fm

Theoretical analysis of the extraction of neutron skin thickness from coherent 7
photoproduction off nuclei arXiv:2204.13395

F. Colomer,}? P. Capel,»1* M. Ferretti,? J. Piekarewicz,3 T
C. Sfienti,>* M. Thiel,>® V. Tsaran,? and M. Vanderhaeghen? :
, / E section
Purpose: We analyze the sensitivity of that reaction process to the nucleonic density, and especially to the

neutron skin thickness, for 2C, 4°Ca and 2°®*Pb, for which reliable data exist, and on %124Sn, for which mea- _~
surements have been performed in Mainz. We study also the role played by the 7°-nucleus final-state interaction.

Method: A model of the reaction is developed at the impulse approximation considering either plane waves or °
distorted waves to describe the m-nucleus scattering in the outgoing channel. ~

Results: Our calculations are in good agreement with existing data, especially for 2°*Pb. The sensitivity of the
theoretical cross sections to the choice of the nucleonic density is small, and below the experimental resolution. EM Pro bes

—

Theo. uncertainties (a.u)
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highway to hell or stairway to heaven?
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highway to hell or stairway to heaven?
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highway to hell or stairway to heaven?
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Parity-Violating Electron Scattering (PVES)
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PVES: extraction of neutron skin
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PVES: extraction of neutron skln
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it is all connected
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from outer space @ to deep inside {§
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ultimate determination of the neutron-skin

thickness of 208Ph
M I:Q‘ E: @ MESA

Mainz Radius Experiment)

the new stage:

Mainz Energy recovering
Superconducting Accelerator
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ultimate determination of the neutron-skin
thickness of 2%8Pb

MESA:
o 1.3 GHz c.w. beam
o normal conducting injector LINAC

o superconducting cavities in
recirculation beamline
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ultimate determination of the neutron-skin
thickness of 2%8Pb
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summary (exciting times are ahead)
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