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PREX Is A FASCINATING EXPERIMENT THAT USES PARITY

VIOLATION TO ACCURATELY DETERMINE THE NEUTRON
RADIUS IN 298PB. THIS HAS BROAD APPLICATIONS TO
ASTROPHYSICS, NUCLEAR STRUCTURE, ATOMIC PARITY NON-
CONSERVATION AND TESTS OF THE STANDARD MODEL. THE
CONFERENCE WILL BEGIN WITH INTRODUCTORY LECTURES
AND WE ENCOURAGE NEW COMERS TO ATTEND.
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PARITY VIOLATION
CHUCK HOROWITZ (INDIANA)

THEORETICAL DESCRIPTIONS OF NEUTRON-RICH NUCLEI AND

BULK MATTER KEES DE JAGER (JLAB)

LABORATORY MEASUREMENTS OF NEUTRON-RICH NUCLEI JIM LATTIMER (STONY BROOK)

AND BULK MATTER WITOLD NAZAREWICZ (UTK, ORNL)

NEUTRON-RICH MATTER IN COMPACT STARS / ASTROPHYSICS JORGE PIEKAREWICZ (FSU

Nuclear Astrophysics in the new
era of multimessenger astronomy

Workshop on 208Pp(e,e’K)
and Neutron Stars

J. Piekarewicz
Florida State University
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Veatnon Zick Tatier cn Heaven:

The historical first detection of gravitational
waves from a binary neutron-star merger

GW170817: places important constraints on the EOS

Imprinted in the GW profile is the “tidal polarizability” an observable
sensitive to the stellar compactness (Radius/Mass)
LIGO-Virgo suggest that stars are fairly compact (small radii)

Is there any compelling evidence in favor of hyperons
(or other exotica) in the core of neutron stars?

8 |t is natural to expect hyperons to appear at high density when the
neutron Fermi momentum can compensate for the excess mass

# However, enormous uncertainties in the hyperon dynamics (e.g.,
hyperon-nucleon interaction) severely hinders the argument

My philosophy: Rely exclusively on nucleons-only
models tnformed by both tervestrial experiments and
astrophysical observations and see if and how they fatl.
So far, they have not ...
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|& Selected for a Viewpoint in Physics week ending

PRL 119, 161101 (2017) PHYSICAL REVIEW LETTERS 20 OCTOBER 2017
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GW170817: Observation of Gravitational Waves from a Binary Neutron Star Inspiral

B.P. Abbott et al.”

(LIGO Scientific Collaboration and Virgo Collaboration)
ived 26 September 2017; revised manuscript received 2 October 2017; published 16 October 2017)

On August 17, 2017 at 12:41:04 UTC the Advanced LIGO and Advanced Virgo gravitational-wave
detectors made their first observation of a binary neutron star inspiral. The signal, GW 170817, was detected
with a combined signal-to-noise ratio of 32.4 and a false-alarm-rate estimate of less than one per
8.0 x 10* years. We infer the component masses of the binary to be between 0.86 and 2.26 M, in
agreement with masses of known neutron stars. Restricting the component spins to the range inferred in
binary neutron stars, we find the component masses to be in the range 1.17-1.60 M , with the total mass of
the system 2.74f8"8f'M o- The source was localized within a sky region of 28 deg? (90% probability) and
had a luminosity distance of 40f§4 Mpc, the closest and most precisely localized gravitational-wave signal
yet. The association with the y-ray burst GRB 170817A, detected by Fermi-GBM 1.7 s after the
coalescence, corroborates the hypothesis of a neutron star merger and provides the first direct evidence of a
link between these mergers and short y-ray bursts. Subsequent identification of transient counterparts
across the electromagnetic spectrum in the same location further supports the interpretation of this event as
a neutron star merger. This unprecedented joint gravitational and electromagnetic observation provides
insight into astrophysics, dense matter, gravitation, and cosmology.
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Neutron-star mergers
create gravitational waves,
ight, and gold!



The Equation of State of Neutron-Rich Matter

Two conserved charges: proton and neutron densities (no weak interactions)

G @eo

Equivalently; total nucleon density and asymmetry: p and o=(N-Z)/A

(30

Expand around nuclear equilibrium density: x=(p—po)/3po. po=0.15 fm-3

1 1
E(p,0) ~ &(p) + a*S(p) = (eo o §K0$2) + (J H L) iKsymﬁ)az
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“‘L” symmetry slope ~ pressure of pure neutron matter at saturation
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Neutron-Star Structure at JLab: Rskin as a proxy for L

4 PREX@JLAB: First Electroweak
(clean!) evidence in favor of Rskin in Pb

8 Precision hindered by radiation issues
® Statistical uncertainties 3 times larger than
promised: Rskin=0.33(16)fm

8 PREX-Il & CREX to run in 2019-20 |

® CQriginal goal of 1% in neutron radius
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Heatron ZRick Mattern on Earth:
The Quest for “L” at Terrestrial Laboratories
Although a fundamental parameter of the EOS, L is NOT a physical observable
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Strong correlation emerges between the neutron skin thickness of 208Pb and L

30

L controls both the neutron skin of 208Pb and the radius of a neutron star

(30

... As well as many other stellar properties sensitive to the symmetry energy
18 orders of magwnitude!!

Zoca Maza et al.
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How can we make massive stars with small radii?
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Tantalizing Multi-Messenger Possibility

e [ aboratory Experiments suggest large neutron radii for Pb
e (Gravitational Waves suggest small stellar radii
e Flectromagnetic Observations suggest large stellar masses

Exciting possibility: If all are confirmed, this tension may be evidence
of a softening/stiffening of the EOS (phase transition?) ...

So far, however, nucleons-only models have NOT failed!
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: Most massive neutron star ever -
detected strains the limits of physics

Shapiro Delay



It is all Connected!

Binary Neutron Star Merger -
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My FSU Collaborators My Outside Collaborators

Genaro Toledo-Sanchez B. Agrawal (Saha Inst.)
@ Karim Hasnaoui M. Centelles (U. Barcelona)

Bonnie Todd-Rutel G. Colo (U. Milano) q ra \/,:tatLO V\/a L"‘Wa \/e a Stro V\IO ma l’l a S

Brad Futch C.J. Horowitz (Indiana U.)
Jutri Taruna W. Nazarewicz (MSU)

Farrukh Fattoyev N. Paar (U. Zagreb) OPewed a V\Iew WLV\IdOW LV\ItD the ODSV%OS.

Wei-Chia Chen M.A. Pérez-Garcia (U.

e R U New capabilities tn heaven and earth

Erlangen-Nurnberg)

0 Vieenar (0. Zageb) will unravel nature’s oeepest secrets

The New Generation
¢ Pablo Giuliani
¢ Daniel Silva
¢ Junjie Yang




