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TAPIR Overview

* Phinney, Chen, Ott, Hopkins

e Peter Goldreich, Kip Thorne (emeriti)

* Mark Scheel (research prof)
e Konstantin Batygin in GPS (not part of PMA TAPIR)

e Lost: Kamionkowski, Hirata

Most common reason (2014 & 2015) for admitted astrophysics-
oriented graduate students to decline:

“Not enough people to work with if | want to do theory.”
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Current Research in TAPIR

Cosmological galaxy evolution, star formation
(Hopkins, computational/analytical).

Analytical/perturbative relativity, macroscopic quantum mechanics,
LIGO instrumentation theory (Chen, analytical/perturbative).

Numerical relativity, core-collapse supernovae, black hole collisions,
neutron star mergers, gravitational wave predictions for LIGO
(Ott & Scheel, computational).

Stars, binaries neutron stars, accretion disks, disruptions, cosmic rays,
and other high-energy phenomena (Phinney, analytical/phenomenolgy).

Dynamics in planetary systems, planetary interiors/atmospheres
(Batygin [GPS], analtyical/computational).
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Advanced LIGO and ZTF

Palomar/Zwicky Transient Facility
e Gravitational wave (GW) sky opened by

Adv. LIGO. O1 starting 09/15/15.

* Palomar Transient Factory (PTF) / Zwicky
Transient Facility (ZTF, Kulkarni/Kasliwal).

* “Holy grail”: find/understand
electromagnetic counterpart of GW event
(likely neutron star merger).

* Exploit Adv. LIGO observations:

— for stellar astrophysics
(understand binary evolution);

— for nuclear physics: eq. of state of
neutron star matter (-> nuc. force).

— tests of general relativity /
alternative theories of gravity.
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Photon Counterparts of LIGO Detections

. Jet—ISM Shock (Afterglow)
Fertile ground for phenomenology Optical (hours—days)

Radio (weeks—years)
connecting detailed simulations (Ott/Scheel)
with observations (Kasliwal/Kulkarni/Hallinan).

Ejecta—ISM Shock

Radio (years)

Kilonova *_
Optical (t ~ 1 day)

Synthesis of heavy,
neutron rich elements
r-process; rare earths ™~

/vf 0.1-03 ¢
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Merger Ejecta
Tidal Tail & Disk Wind

— 9

14

Caltech/Cornell Brian Metzger,
Simulating eXtreme Spacetimes (SXS) program Columbia

Metzger&Berger 12
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Relativity

Testing general relativity:

Advanced LIGO, Event Horizon Telescope (radio),
binary pulsars, future LISA-like space missions,
pulsar timing (nano-Hz GWs <- new NSF PFC).

Alternative theories of gravity, prediction of
observables/tests.

New strategies for GW detection and data analysis.

Electromagnetic fields in black-hole spacetimes;
much room for analytic work to connect with
simulations & observations.

Fluid-gravity correspondence (AdS-CFT).

QFT in curved spacetime, firewalls etc., gravity
in the early universe.
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Stars & Planets: Revival of Stellar Astrophysics

* Planet hype -> new opportunities to solve long-standing
problems in stellar astrophysics and populations (rotation,
magnetic fields, binaries, tides, mergers, mass loss, cosmic
chemical evolution).

Kepler K2

* Era of precision stellar astrophysics. Largely neglected
in the US (Europe leading) -> opportunity to have big
impact here.

 Big-data will drive/inspire phenomenology/theory.
Also need theory to predict/guide observations.

* “high cadence” surveys, LSST, ZTF, radio surveys
-> pulsations, instabilities, explosions, fast radio bursts...
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Precision Asteroseismology

(the study of pulsation modes of stars)
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* Asteroseismology probes pulsation modes
in the interiors of stars.

* Constrain rotation rate, differential rotation, structure,
convective regions etc.

* New: suppression of low-order (I=1) modes in some stars due
to core magnetic field (Fuller, perturbative work)
-> observationally probe stellar magnetism.

Jim Fuller,
TAPIR, Caltech

C. D. Ott @ Faculty 8



Plasma Astrophysics

Sironi+13 6+1 D kinetic theory simulation of
€p particle acceleration in collisionless
relativistic shocks
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Harvard, MHD turbulence ->Columbia
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* Wide open questions in plasma astrophysics, well formulated “clean” problems:
acceleration of cosmic rays, high-energy emission, strongly magnetized plasmas,
reconnection, dynamos, MHD instabilities, shocks.

* Applications to gamma-ray bursts, pulsar wind nebulae, intergalactic medium, star
formation, etc. Strong link to observations, laboratory plasma physics.

* Breakthroughs by ability to perform full 6+1 D kinetic simulations.
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Cosmology: The Dark Ages

21 cm tomography (radio):

What is the Reionization Era?

CMB in 3D, 100s of indep. Z-SliCES,’ A Schematic Outline of the Cosmic History
. . _Time since the <«The Big B
huge experimental/observational BB e
. Z~1100 24 L g | with ionized gas
EffO rtS. SKA, LWA, MWA, LO FA R, ~ 300 thousand recombinaﬁon <—I23tgrl1ig]/scrjs§pt;%%%mes
PAP E R etc. The Dark Ages start

Need theory to predict & exploit
observations.

Galaxies and Quasars
begin to form

Dark ~ 500 million The Reionization starts

First stars, black holes,
Ages ~11

galaxies, clusters, first
explosions, nucleosynthesis.

The Cosmic Renaissance
The Dark Ages end

Supermassive black hole

, , 7~7 | reionization

fOrmanon, prOtO‘gaIaX|es. ~ 1 billion | |1 ' . < Reionization complete,
. : A " . ¢ traensg;\;ggsteaggicnomes
Epoch of reionization: G 5
What reionized the universe? 8 casieseni
Optical depth to reionization? - 9 bilion ¢ G 1
Connection with observations of , ‘
. . . ~ 13 billion , i A Today: Astronomers
the first galaxies with JWST, TMT. GO figurs it al out
S.G. Djorgovski et al. & Digital Media Center, Caltech
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Big Bang

quantum-gravity era
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Planck, BICEP/Keck Array, SPTPol, POLARBEAR + future experiments/missions.

Theory needed: primordial GWs & tensor to scalar ratio, probes of inflation, non-
Gaussianity, neutrinos in the early universe.

Perhaps less rich / less wide open for astrophysics theory than cosmic Dark Ages.
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Cosmology: Late Universe & Large-Scale Structure

Density fluctuations

* Dark energy egn. of state from
large-scale structure.
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* Tension in ACDM cosmology:
CMB/Weak Lensing/Supernovae

* Huge observational investments:
— Baryon acoustic oscillation surveys (SKA,eBoss,Euclid)

— strong/weak lensing (WFIRST, LSST)

— cluster abundances (ATHENA+,DES,Planck) * Need better than ~1% precision

- Sunyaev-Zel’dovich cluster surveys theoretical models.

(future Caltech sub-mm telescope)

C. D. Ott @ Faculty 12



Dark Matter & Partlcle Astrophysncs

* Nature of dark matter?
New, non-standard model physics!

* Many running & upcoming direct/
indirect DM detection experiments.

* Self-interaction, interaction with
baryons, need theory that predicts
observables and thinks broadly.

* Example:
Constrain dark matter
properties with
neutron stars near
galactic center.

WIMP-nucleon cross section [pb]

(if DM accumulates, |'m Linden, - g
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Path Forward

* Looking for broad analytic/phenomenological theorist who connects
with PMA physics/astrophysics theory, observation, and experiment.

e Sub-committee: Ott, Phinney, Hopkins.

e Further input form gravitational physics ad-hoc committee
(in particular Weinstein, Adhikari, Chen) & observational cosmology &
particle astro (Golwala, Bock)

* Have a preliminary list of names; research to find other suitable
candidates ongoing. Get some to come out. First: Marilena Loverde,

KICP Chicago, May 7/8, TAPIR seminar on May 8. Mark your calendars!

* Work harder to find more women candidates and
more candidates from other underrepresented groups.
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