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Perspectives on the Frontiers of Physics

Controlling the Quantum World Electromagnetic radiation in the nerlassical limit, Entanglement,
Cavity QED, QISptomechanicgOptical Physics; Quantum Information Science)

Complex Systems and Collective Behawdrnving cells, biological systenutracoldfermions and bosons,
qguarkgluon liguid (Physics of Living Systems; Atomic and Molecular Dynamics; Nuclear Physics;
Plasma Physics)

Neutrinos and Beyond the HiggsNeutrino mass, new particles, unification of quantum mechanics and gravity,
electron and neutron dipole moments (Particle Astrophysics; Gravitational Physics; Nuclear Physics;
Precision Measurements; Elementary Particle Physics)

Origin and Structure of the UniverseStar formation and creation of the elements, dark matter and dark energy,
modeling of black holes, gravitational waves, magnetic fields (Gravitational Physics; Nuclear Physics;
Particle Astrophysics; Plasma Physics)

StronglyInteracting Systems QCD computations, quark structure of baryons, Higld lasermatter
Interactions, supernovae, strong gravity (Nuclear Physics; Gravitational Physics; Plasma Physics)



PHY Budget Status

FY 2019 Actual $285.2 M

FY 2020 Current Plan Under Development

FY 2021 Request Under Development

FY 2019 PHY Astrophysics Funding $110.4 M

O&M Costs (LIG@;eCubeNSCL) $545M
LIGO A+ Enhancement $105M
Research Program (Experimental) $33.7M
Research Program (Theory) $ 6.9M

Physics Frontiers Centers (JINAnoGray $ 4.8 M



The3d Observational Run (O3) started in April 2019
and it is currently undergoingith an increase in
sensitivity over O2 of about 30%.

Its first part O03a) ended at the end of September
2019 and, after a montfong break for maintenance
and upgrades, the second part (O3b) started on
November 1, 2019. O3 will conclude on April 30, 20

So far, 65 public alerts have been issugbopf which
have been retracted. This leaves 44 detections ¢
about a GW event per week.

So far, no EM counterparts have been repo
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LIGC Virgo
News and Upgrades

KAGRA joined the LIGVirgo collaboration
through the signing of a joint MOU in October
2019. KAGRA is a Japanese based observatory
that is built underground in th&amiokasite.

KAGRA is currently undergoing commissioning.

LIGO continues the development of the

upgrade known as A+, funded by NSF, UKRI and
ARC in 2018. A+ is expected to be fully
operational by 2024, increasing Advanced LIGO
sensitivity by 70%.

An illustration of the
underground KAGRA

gravitational-wave detector in
Japan. [Image credit: ICRR,
Univ. of Tokyo.]




LIGO Virgo

O3 Highlights

Few of the GW observations obtained so far by
LIGO/Virgo have been made public.

One was the detection of a new neutron star merger
on April 25, 2019. No EM counterpart was detected.

This event was detected only by LIH+GO Livingston:
Hanford was offine and the event was too faint for
Virgo (500 M lighyears away).

The combined mass of this binary is the largest of
any neutron star binary known to date: 3.4 solar

masses Vs the largest galactic binary mass of 2.9
solar masses.

Masses in the St?!,!?’ Graveyard

It is possible that one of the objects was a black
But, if so, this BH would be exceptionally small f
class
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Removed3Al(p,g) Uncertainty in Xay Bursts at NSCL/JHSEE

The 23Al(p,’ )?*Sireaction is among the most important reactions driving the energy

generation in type-Il x-ray bursts.

X-ray Burst Model Studies
p

Cyburtet al. 2016
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v, Hadronic Cascade

About 5 years (2012016) of data. One event is
at Glashow bin!

It is brighter than all IceCuld@eVevents even
only partiallycontained

An IceCube Result

A possible first Glashow resonance event:
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A Partially-contained PeV search
A Deposited energy: 5.9+0.18 PeV
A Detector efficiency is 93%

A A resonance: E, = 6.3 PeV



An IceCube Result

Cosmictau neutrino appearance in lceCube
Tau decay Iength' Chargedcurrent (CC) neutrino
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New Laboratory Astrophysics Capability:
ZEUS- NSF Miebcale Laser User Facility

https://zeus.engin.umich.edu/

U Builds on prior NSF investments, including a
Science and Technology Center led by 2018
Nobel Prize winner Prof. Gerakdiourou.

U Intended to be supported by NSF for
operations as a User Facility.

U  Will enable better understanding of the physic
of high energy astrophysical systems and
phenomena, from astrophysical jets and black
holes to cosmic rays.

https://news.umich.edu/mostpowerfuklaserin-the-us-to-be-built-at-u-m/ 10




