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PREX is A FASCINATING EXPERIMENT THAT USES PARITY

VIOLATION TO ACCURATELY DETERMINE THE NEUTRON

RADIUS IN 2°PB. THIS HAS BROAD APPLICATIONS TO

ASTROPHYSICS, NUCLEAR STRUCTURE, ATOMIC PARITY NON-

CONSERVATION AND TESTS OF THE STANDARD MODEL. THE J
-

CONFERENCE WILL BEGIN WITH INTRODUCTORY LECTURES

AND WE ENCOURAGE NEW COMERS TO ATTEND.
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Neutron Stars: Unigue Cosmic Laboratories

& Neutron stars are the remnants of massive stellar explosions (CCSN)

. : . . . ; Nuclear EOS Density Ladder

Satisty the TOV equations: From Newtonian to Einstein Gravity Each rung on the ladder relies on
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Tidal Polarizability and Neutron-Star Radii (GW170817)

8 Electric Polarizability: ;

® FElectric field induced a polarization of charge v

® Atime dependent electric dipole emits . @
electromagnetic waves: P, = v E;

8 Tidal Polarizability (Deformability):

® Tidal field induces a polarization of mass
e A time dependent mass quadrupole emits 2R O P

gravitational waves: quj = A&;j 2GM R

GWLFO0L1LF The tidal polarizability
rules out very large
neutron star radtiL!

measures the “fluffiness”

Neutrowm Stars (or St(:'{c(:'/\'ess) 0'(: a V\»t,",l/LtVOVb star
must be compact against deformation. Very

sensttive to stellar radius!
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Measuring Heavy Neutron Stars (2019)
Shapiro Delay: General Relativity to the Rescue

(@

Planet's elliptical orbit e

: ‘Most massive neutron star ever- | \
detected strains the limits of physics

Newtonian Gravity sensttive
to the total mass of the binary
Kepler’s Third Law

Sun at one focus
of elliptical orbit

from the Sun

Planet sweeps out equal areas
in equal time intervals

A L > smq:iro dela Y — a purely

/" "\ Shapiro Delay B general relativistie e{-feot
: //.., \

A~ I can break the degeneracy

Cromartie et al. (2020)
M = 2.08+0.07Mg




Neutron-star Interior Composition Explorer (NICER)

M = 2.08 £ 0.07 Mg,

Simultaneous Mass and Radius Measurements (2019-2021) Shapiro delay: Cromartie et al. (2020)
Roo = 12.3970 00 km

NICER was launched from Kennedy’s NICER measures the compactness

Space Center on June 3, 2017 aboard of the Neutron Star
SpaceX Falcon 9 Rocket and docked at the
International Space Station two days later.

Riley et al. (2021)

Roo = 13.779%km

Mlller et al. (2021)

Pulse Profile: The stellar | —
. = Front-side hotspot rotates through the line of sight

compactness controls the light jo e
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Heaven and Earth R

O Mean Field

Laboratory Constraints on the EOS

145 FSUGold
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8 Laboratory experiments constrain the EOS of pure
neutron matter around saturation density: Ppnm=L

8 Although a fundamental parameter of the EOS, L is not
a physical observable — yet 1s strongly correlated to one:
the neutron-rich skin of a heavy nucleus such as 298Pb

8 Parity-violating elastic electron scattering is the cleanest
experimental tool to measure the neutron radius of lead




PREX-II (Oct 29, 2020) Conservation of difficulty: ~ Heroic effort from our
Ciprian Gal - DNP Meeting ~ PVES provides the cleanest experimental colleagues
constraint on the EOS of
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The golden era of neutron stars ... G. Baym
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Tantalizing Possibility

e [ aboratory Experiments suggest large neutron radii for Pb
e (GGravitational 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?)




o ¢ \VWho Ordered That?
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Preliminary Observations: WhO or d er ed

 CREX result is consistent with a thin neutron skin prediction (e.g. coupled cluster calculations) and is

strongly inconsistent with predictions of a very thick skin TH AT| '7| ')
* At this point it appears potentially challenging for DFT models to reproduce both the CREX result of a thin

skin in **Ca and the PREX result of a relatively thick skin in 2**Pb.  wp,

48Ca ’r

No theoretical model
that I know of can
reproduce both!

—_— 48(:a

Observation: Comp ar ln’g to TheOry

 CREX result is consistent with a thin neutron skin O/ d th eor y g ra IO h

prediction (e.g. coupled cluster calculations) and is !% Eyeballing - Coupled cluster thin - DOM thick
strongly inconsistent with predictions of a very thick skin _
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Fig 2: Charge form factor minus weak form factor for 4®Ca as a function of

| L1 11 | L1 11 I L1 11 I L1 11 momentum trans.fer. The curves are”for one family of models with the indicted Figure taken from J.Mammei CevNS 2019 talk (Jorge Piekarewicz
1 O 2 O 25 O 3 O 3 5 Rwikin = Weak minus charge rms radii. The error bar shows the CREX result. plot), shows various curves for a family of R, = Rn-Rp values. Also
. . . . . DOM and NNLO (coupled cluster). Warning: theories shown may (or

R208 f may not) require further SO correction.
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Conclusions: We have entered the golden

era of neutron-star physics

Astrophysics: What is the minimum mass of a black hole?

C.Matter Physics: Existence of Coulomb-Frustrated Nuclear Pasta?
General Relativity: Can BNS mergers constrain stellar radii?

Nuclear Physics: What is the EOS of neutron-rich matter?

Particle Physics: What exotic phases inhabit the dense core?
Machine Learning: Extrapolation to where no man has gone before?

Neutron Stars are the natural meeting place for
interdisciplinary, fundamental, and fascinating physics!

Multi-messenger Astronomy with
Gravitational Waves

Binary Neutron Star Merger
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