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Energy in Uniform Matter
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Symmetry-Energy Stiffness: M & R of n-Star
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Low-p Matter Phases: Topological Structures
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Symmetry Energy
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n«<p Symmetry Invariants: Energy & Densities

E Eo - P,
- S ( p) o4
A(m o) = 4 () + () (FF2) 4 0 )
symmetric matter  (a)symmetry energy p=pn+pp
Net p = pn + pp isoscalar
9 o st P Difference pp — pp isovector
rmmEE s T pa = -z (pn — pp) isoscalar
v T N E 1 N-Z
L el = [e(n) £ =5 palr)]
it wmr J p & pa universal in isobaric chain!
p (fm™®)  normaldensity p,
L Energy min in Thomas-Fermi:
S - S P — Po
() = Slpo) + 537 =+ palF) o p(r)
a
Unknown:  S(p)? L? S(p(r)) @‘
NSCL

low S < high pa

EOS from Reactions Danielewicz



Symmetry Energy
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Symmetry Energy
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Probing Independently 2 Densities

PD, Singh, Lee NPA958(17)147

Jefferson Lab [after Dao Tien Khoa]
Direct: ~ p elastic: ~p+n
Interference: ~ n charge exchange: ~n—p
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Symmetry Energy
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Expectations on Isovector Aura?
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Symmetry Energy
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Direct Reaction Primer
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Symmetry Energy
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Cross-Section Sensitivity to Isovector Surface
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Symmetry Energy
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Simultaneous Fits to Elastic & Charge-Change: “8Ca
Different radii for densities/potentials: R; = R+ AR
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Symmetry Energy
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Simultaneous Fits to Elastic & Charge-Change: %2Zr
Different radii for densities/potentials: Rz = R+ AR
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Symmetry Energy
L 1)

Thickness of Isovector Aura
6 targets analyzed, differential cross section + analyzing power
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Symmetry Energy
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Difference in Surface Diffuseness

0.6,\ \\\‘\\\\‘\H\‘HH‘HH‘HH‘HH‘ ‘ 1T T 7T ‘ T \7

[ 7 data, A—indep ® SLy4 (48) ]

O skI5 (L=129MeV) O SKSC5 (-7) .

041 & s9s24 (87) @ 7 (-50) ]

:g O.ZT * . -

E: §e° = 3

0.0 [} -

- BT

s 5] 0 =

-02— -

1 111l1111llthl“hl“h“lh“d 1 1 1 1 l I - l 1 17

30 50 70 100 200 300
A

Colored: Skyrme predictions. Arrows: half-infinite matter  ©
Sharper isovector surface than isoscalar! @é

EOS from Reactions Danielewicz



Bayesian Inference
[ ]

Bayesian Inference

Probability p is updated iteratively, starting with prior pgyior
p(alb) - conditional probability

o ,(E—E)Z
PXIE) x Pyir(x) [ dEe % p(E[x)

For large number of incorporated data, p becomes independent
of Porior

In here, porior and p(E|x) are constructed from all Skyrme ints

in literature, and their linear interpolations. ppyior is made - ©
uniform in plane of symmetry-energy parameters (L, Sp) @é
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Bayesian Inference
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leellhood f/Symmetry-Energy Slope
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Likelihood f/Neutron-Skin
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Bayesian Inference
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Likelihood f/Energy of Neutron Matter
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Topology at Low p
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Modest-E Collisions Probe Low-p EOS

Boltzmann eq simulations of central Au + Au collisions: p-contours

PD et al arXiv:1910.10500
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Topology at Low p
[ ele}

Modest-E Collisions Probe Low-p EOS

Boltzmann eq simulations of central Au + Au collisions: p-contours
PD et al arXiv:1910.10500 different energies & centralities
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Topology at Low p
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Boltzmann vs Fluctuating Dynamics

(a) - Boltzmann, (b)-(d) - Brownian Motion model - exira p fluctuations
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(c) & (d) - average over events, similar to Boltzmann!
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Topology at Low p
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Experlmental Detectlon Flow

Expansion in the final
state maps structures
from configuration
onto velocity space:

(a)2"d & (b)1st order
moments vs rapidity &

(c) rapidity distribution
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Rings at Onset of Collective Expansion
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Conclusions
@ Symmetry-energy polarizes densities, pushing isovector density

out to low isoscalar density

@ For large A, isovector-isoscalar surface displacement expected
roughly independent of nucleus and dependent on L

@ Surface displacement studied in comparative analysis of data on
elastic scattering and quasielastic charge-exchange reactions

@ Analysis produces thick isovector aura AR ~ 0.9fm!

@ Symmetry & neutron energies are stiff!
L=(70-100)MeV, S(pg) =(33.5-36.5) MeV at 68% level

@ Matter diving into low-p region undergoes detectable spinodal
decomposition into rings w/stones
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Conclusions
@ Symmetry-energy polarizes densities, pushing isovector density

out to low isoscalar density

@ For large A, isovector-isoscalar surface displacement expected
roughly independent of nucleus and dependent on L

@ Surface displacement studied in comparative analysis of data on
elastic scattering and quasielastic charge-exchange reactions

@ Analysis produces thick isovector aura AR ~ 0.9fm!

@ Symmetry & neutron energies are stiff!
L=(70-100)MeV, S(pg) =(33.5-36.5) MeV at 68% level

@ Matter diving into low-p region undergoes detectable spinodal
decomposition into rings w/stones
PD, Lee & Singh NPA818(09)36, 922(14)1, 958(17)147 + in progress

PD, Lin, Stone & Iwata arXiv:1910.10500
DOE DE-SC0019209
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