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Nuclear Experimental Constraints

Kortelainen et al. (2010)
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Why Symmetry Parameters are Highly Correlated

Assuming approximate validity of liquid drop model:  Liquid drop model
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Nuclear Experimental Constraints

Chen, Ko, Li & Xu (2010)
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Nuclear Experimental Constraints

Tsang et al. (2009)
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Giant Dipole Resonances

Trippa, Colo & Vigezzi (2008)
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Nuclear Experimental Constraints

Trippa, Colo & Vigezzi (2008)
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Nuclear Experimental Constraints

Roca—Maza et al. (2013)
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Nuclear Experimental Constraints

Danielewicz & Lee (2013)
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Theoretical Neutron Matter Calculations

Gandolfi, Carlson & Reddy (2011);
Hebeler & Schwenk (2011)
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The Nuclear Incompressibility Parameter

Chief experimental constraint is the giant isoscalar monopole resonance,
or breathing mode. In the scaling model the finite-nucleus
incompressibility is related to the breathing mode energy Ej, by

Ka = MR?(Ep, /h)>2.
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Incompressibility and Skewness
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An Analytic Model

A useful nuclear force model that allows for finite skewness (d # 1)
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Comparison With Experiment

The model prediction
Ka = Ks + Kaurt A3 4 KcZ2A™43 1 K12

is now a function of d. We can compare with measurements of Kj.

Monopole resonance data from J.M. Pearson 1991, Phys. Lett. B271, 12.
Nucleus  Ep (MeV) R (fm)  Ka (MeV) d Ks (MeV)

125, 1588+0.14 456 1264422 1.171 213.9
145, 1580+0.14 459 1268422 1.169 215.8
1165y 1569+0.16 462 126.7+26 1.168 217.2
1209, 1552+0.15 467 126.7+2.4 1.165 221.1
1245y 1535+0.16 472 126.6+2.6 1.161 225.7
144Gy 15.13+0.14 493  1342+25 1.134 229.9
208pp  13.90+0.30 554 143.0+£6.2 1.095 254.4

The predicted values are K ~ 225739 MeV and K. = —23573%° MeV.
They are relatively insensitive to assumed values for L and Kgyp.
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The Unitary Gas

The unitary gas is an idealized system consisting of fermions interacting
via a pairwise zero-range s-wave interaction with an infinite scattering
length:

As long as the scattering length a >> k' (interparticle spacing), and
the range of the interaction R << k;l, the properties of the gas are
universal in the sense they don't depend on the details of the interaction.
The sole remaining length scale is ke = (372n)!/3, so the unitary gas
energy is a constant times the Fermi energy h%k2/(2m):

 3h2k2
Euc = E.
ua = &o om

& =~ 0.37 is known as the Bertsch parameter, measured in cold-atom
experiments.
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The Unitary Gas as Analogue of the Neutron Gas

A pure neutron matter (PNM) gas differs from the unitary gas:
la| ~ 18.5 fm; |akr| =t ~ 0.03 for n = n,.
R ~ 2.7 fm; Rkg ~ 4.5 for n = n,.
Repulsive 3-body interactions are additionally necessary for neutron
matter to fit the energies of light nuclei.

Neutron matter has potentially atractive p-wave and higher-order
interactions.

The first three imply Epnv > Eua:
&~ & +0.6lake| 7t +. .. lake| 7t << 1
E~& +0.12Rkr + ... Rkr << 1

A reasonable conjecture would appear to be (v = n/n)

EPNM(U) = E(U, Yp = 0) 2 EU(L(]UZ/3 ~ 12.6!.12/3 MeV
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Comparison to Neutron Matter Calculations
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Consequences for the Nuclear Symmetry Energy

S(U) = EPNM — E(U, Yp = 1/2)

A good approximation for the Y,—dependence of E is

102E(u, Yy)
S =g vz
L Ksym
Near ns, S(w)~S+-(u—1)+—-2(u—-1)>*+---
3 18
K
E(u,Y,=1/2)~ -B+ 1—8(u -1+
In this case, the unitary gas conjecture is
Ks
S(u) > Eygou/® - B+1—8(u—1) 4+ | = SUB(u)

Thus, the symmetry energy parameters Sy and L must satisfy
S(u=1)= Sy > SI® = Eygo + B ~28.5 MeV
L(u=1)= Lo =3(udS/du),_, = 2Eyg,0 ~ 25.2MeV
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Symmetry Parameter Exclusions
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Symmetry Parameter Correlations
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Compilations from Dutra et al. (2012, 2014)
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More Realistic Exclusion Region
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Analytic Approximation for the Boundary

S(ug) = S"P(uy), (jj)w - (diB)ut

gives
L Ksym K
50+§(Ut*1)+ 1g (Ut*1)2:EUG,OUf/3+B* E(Ur*1)2
Ks m — Ks
L + ?j/ (Ut — 1) = ZEUG,Out 1/3 — ?(Ut — ].)
Assume K, = 3L (i.e., Ksym = 3L — K;). Then
Eug 2E
So=—a(l+2w)—E,  L="77"
3u, u;

or after eliminating u,
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Experimental Constraints
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