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Nuclear Structure, Error Bars, and Correlations: Statistical

Reinhard-Nazarewicz, PRC81 (2010) 051303(R) Fattoyev-Piekarewicz, PRC86 (2012) 015802; PRC84 (2011) 064302

@ Empirical constants determined from optimization of a quality measure
N (th) (exp)
op(p) -0 ol
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x°(P) n§:1 < AO, ) x“(Po)

@ Predictions accompanied by meaningful theoretical errors
@ Covariance analysis least biased approach to uncover correlations

Cov(A, B) = 9,A%;9;B ; Corr(A, B) = S Cov(@ 51N
Var(A)Var(B)

@ Isovector sector constrained mostly from “pseudo data”
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The Enormous Reach of the Neutron Skin

Reinhard-Nazarewicz, PRC 81 (2010) 051303;

Fattoyev-Piekarewicz, PRC 86 (2012) 015802; PRC 84 (2011) 064302

@ Neutron skin as proxy for neutron-star radii . . .

and more!

@ Calibration of nuclear functional from optimization of a quality measure
@ Predictions accompanied by meaningful theoretical errors
@ Covariance analysis least biased approach to uncover correlations

@ Neutron skin strongly correlated to a myriad of neutron star properties:
Radii, Enhanced Cooling, Moment of Inertia, . ..
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The Electric Dipole Polarizability in 2°2Pb

RCNP: A. Tamii et al., PRL 107, 062502 (2011)

@ IVGDR: Coherent oscillations of protons against neutrons
Nuclear symmetry energy as the restoring force

@ RCNP: polarized proton inelastic scattering at very forward angles
Cross sections at very small angles arise purely from CoulEx

@ High-resolution exp. in excellent agreement with photo-absorption data
@ Accurate measurement of E1 polarizability: o, = (20.1+0.6) fm®
@ E1 polarizability as a complement to A%
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Neutron Skin and Dipole Polarizability in 2°6Pb

Roca-Maza et al., PRL 106, 252501 (2011); PRC (in press)

@ Neither J nor L are measurable observables; requires theoretical input

@ Statistical and systematic correlation analyses essential
Seek laboratory/astrophysical observables strongly correlated to J, L, ...
@ Use strong r2% vs L correlation to constrain L

skin
rfk?fzg (L*LLHL) [=02fm, L,=68.7MeV, 6L, =6.8MeV
AL, (0.06 fm)=40.8MeV; AL, (0.02fm)=13.6MeV
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Neutron Skin and Dipole Polarizability in 2°8Pb . .. continuation

Roca-Maza et al., PRL 106, 252501 (2011); PRC (in press); Zhang and Chen, arXiv:1302.5327

@ Use strong Ja2% vs L correlation to constrain J

a%oszﬂl (1 + L)
(J/J ) 2 La
2% =20.1fm®, J, =49.2MeV, L, =159.4 MeV
@ Assuming error dominated by AL, .. coeex
Jlk[ xu(o 06 fm) 6. SMCV AJS]RIX(O'OZ fm):21 MeV
@ Alternatively: Nuclear masses constrain symmetry energy at p~0.11 fm®

J~Jd+ L/9 (J~26MeV) [J=26.65+0.20MeV, J=32.3+1.0 Mev}
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Neutron Skin and Dipole Polarizability: A look forward

@ 29 and a2% strong isovector indicators used to constrain J and L

skm

@ Neither ri8 nor of correlate strongly with L
Too large surface to volume ratio - far from bulk limit

@ “8Ca a doubly magic, neutron-rich nucleus within ab-initio reach
Critical insights for DFT, role of three-body force, . ..

@ PREX-Il and CREX as powerful calibrating anchors for skins at FRIB

@ CREX fully approved by JLAB PAC; o8 being analyzed at RCNP

@ ryin and ap in both “8Ca and 2%8Pb:
Powerful four-legged stool of isovector observables!!
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Tin Skins: A look backwards

Chen et al., PRC 82, 024321 (2010); Lattimer and Lim ApJ. 771, 51 (2013)

@ Hadronic experiments with large and uncontrolled uncertainties:
proton scattering, anti-protonic atoms, pygmy and spin-dipole modes
@ J~J+ L/9 (j: 26.65+0.20MeV, J=32.3+1.0MeV; Zhang and Chen)
@ Not all observables—and theoretical models—are created equal
@ Enormous disservice to both the nuclear- and astro-physics communities)

112 116 120 124 128 132
| R R M R T

A L (MeV) WAL g 4
12 116 120 124 126 13240 60 80 J=(29-32.5)MeV #5571
O 100 /
i L=(44-60)MeV .
5[FE, e o Dals e i
2 k
0 P S
18, .
16" > “
114 EM, i 2
12 o’ Kl
T T T T T 10 g CTiod
Constraints from Neutron Skin Data of Sn Isotopes &
go ol Tom et b v
60 , 01 e
® I B Ray(1o79) K
2 ] @ Kraznahorkay(1999) é’ f
= A Tracinska(2001) " Lattimer (2013)
il Klimkiewicz(2007) { = Hobeler etal. {2
R0, © ‘ ‘ Terashima(2008) -
L BRI R L R ‘
2688 S0L 52 1 16 120 124 18 13 ® % m M %
Eonlpo) (MeV) 5, (Mev)

J. Piekarewicz (FSU) Neutron Skins and Giant Resonances ICNT-2013 MSU 10/13



. 0.16
PREX is Wrong! r3%8=0.33"7 2 fm

skin —
@ Statistical error large: Models with r2% >0.15 fm within 1o
@ Statements from the Literature:
“Lprex = (148.5+113.5) mean value discrepant but errors very large” (Lattimer 2013)
‘.. if L=(64.8£15.7) MeV one obtains r2% > (0.194-0.024) fm” (Carbone 2010)

“... QMC combined with NStars give L= (36—55) MeV to 95% C.L.” (Tsang 2012)
“... permissible ranges reasonably restricted: L= (44—60) MeV” (Lattimer 2013)
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So, is PREX central value already ruled out?
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Is PREX Wrong? Is PREX central value already ruled out?

F. Fattoyev and JP (submitted to PRL)

@ s it possible to construct models that reproduce real data and have thick skins?

@ Three models: TFa, TFb, TFc with:
(i?f:(O.QS, 0.30,0.33) fm and L=(83, 123, 135) MeV

@ To compute nuclear masses, charge radii, monopole excitations, and MvsR
@ So far, no evidence that these models are significantly worse or better than FSUGold, . . .
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“The reports of my death have been greatly
exaggerated” wmark Twain
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Future Directions in Nuclear Structure ... some thoughts

@ Theoretical Pillar:
Search for an accurately-calibrated microscopic theory that both predicts and provides
well-quantified theoretical uncertainties from finite nuclei to neutron stars

@ (Some) Experimental Pillars: Neutron Skins and Giant Resonances

Neutron Skins: Very compelling case; thickness of neutron skins emerges from a
competition between surface tension and DDSE (where do the extra neutrons go?)
PREX-Il and PREX-IIl and/or 2#Sn and/or 12Sn? Physics case must be compelling

IsGMR: Strong sensitivity to the DDSE: Ky(a) = Ko + (Ksym —6L + ...)a?
Softness of Sn? Measurement of GMRs for exotic (large «) nuclei at FRIB, ...

IVGDR: Electric Dipole Polarizability as a strong isovector indicator: Jor, oc (1 + g 55A
Systematics of a, vs L (RCNP); Measurement of o, for exotic (large «) nuclei at GSI,
FRIB, .. .; Correlating emergence of low-energy dipole strength with development of

neutron-rich skin (Pygmy), ...
@ All part of a coherent plan that involves critical laboratory and astrophysical data
All observables (and theories) are created equal but some are more equal than others!
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