PREX/CREX experiments and

neutron rich T‘atter in the Lab
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Neutron Rich Matter

* Compress almost anything to 10!+ g/cm3 and
electrons react with protons to make neutron
rich matter. This material is at the heart of many
fundamental questions in nuclear physics and
astrophysics.

— What are the high density phases of QCD?

— Where did chemical elements come from?

— What is the structure of many compact and Supernova remanent
energetic objects in the heavens, and what Cassiopea Ain X-rays
determines their electromagnetic, neutrino,
and gravitational-wave radiations?

* Interested in neutron rich matter over a
tremendous range of density and temperature
were it can be a gas, liquid, solid, plasma, liquid
crystal (nuclear pasta), superconductor (T-=10/9K)),
superfluid, color superconductor...

* For example a heavy nucleus such as 208Pb

, ) MD simulation of Nuclear
expected to have neutron rich skin. Pasta with 100,000 nucleons
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® PREX measures how much neutrons stick out past protons (neutron skin).
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PREX uses Parity V. to Isolate Neutrons

* |n Standard Model Z° boson

* Apy from interference of
couples to the weak charge.

photon and Z0 exchange.
* Proton weak charge is small:

QY, =1 — 4sin®Oy ~ 0.05

e Determines weak form factor

2 5 sin(Qr)
* Neutron weak charge is big: Fw(@7) = /d " Or pw ()
Qw = — * Model independently map out

* Weak interactions, at low Q2 distribution of weak charge in a
probe neutrons. nucleus.

* Parity violating asymmetry A,y is * Electroweak reaction
cross section difference for free from most strong
positive and negative helicity interaction uncertainties.
electrons
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PREX in Hall A at |efferson Lab

* One GeV e scattered at ~ 5 deg.

* Ry=5.795 +/- 0.082 fm
[ Rev=5.503 fm ]

* Rw-Rch=0.292 +/- 0.082 fm
* Rn-R;=0.278 +/- 0.078 fm
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Radii of 208Pb and Neutron Stars

208Ph
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has important

Neutron star is |8 orders of magnitude larger than

Pb nucleus but has same neutrons, strong

interactions, and equation of state.
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LIGO and deformability of NS

Gravitational tidal field distorts
shapes of neutron stars just
before they merge.

Dipole polarizability of an atom
~ R3.

LIGO - A GIGANTIC INTERFEROMETER
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Tidal deformability (or
quadrupole polarizability) of a
neutron star scales as R>.

noasirn ch “"‘-;;.lv,_ 2 4,,.:‘ :
ths lenctk of tha two -~ = ‘;.?
2 ° 2 armis. TS ol //l Nermally, the light returns nnchang-
|<f|7" i/ |Z>| - . 5d hl‘ am splitt fnmnh
20 5 dll l:;llw::v calree
x R e
E E SER ! ! (.9, CANCEL EACH
S . A
,I, g
f ’ BEANM SP_ITTER LIGHT DETECTOR

GWI170817 observations set
upper limit on A.

Ao Xy




1400

1200

600

400

16

22

208
skm

25
(fm)

28 30 .33

&

Phys. Rev. Let.
120, 172702

Farrukh Fattoyev

14 14.5

15



1400

1200

600

400

16

22

208
skm

25
(fm)

28 .30

33




1400

1200

600

400

16

22

208
skm

25
(fm)

PREX I

28 .30

33




CREX and Chiral EFT

* Chiral EFT expands 2, 3, ... nucleon interactions In
powers of momentum transfer over chiral scale.

* Three neutron forces are hard to directly observe.
They increase the pressure of neutron matter and the
neutron skin thickness of both 208Pp and 48Ca.

» Only stable, neutron rich, closed shell nuclei are 48Ca
and 208Pp.

 PREX for 208Pb better for inferring pressure of
neutron matter and structure of neutron stars.

 CREX measures neutron skin in 48Ca. Smaller
system allows direct comparison to Chiral EFT
calculations and very sensitive to 3 neutron forces.
Data taking complete. Analysis underway.
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