LIGO Discovery of Gravitational Waves:
What does it mean for Astrophysics?

Prof. Rogier Windhorst (ASU)

(1) LIGO first observed Gravitational Waves on Sept. 14, 2015.

(2) These were caused by two merging (29 + 36 solar mass) black holes!

e E=Mc?: 3 solar masses converted to energy in fraction of second!
(3) BLACK HOLES EXIST !l General Relativity is the law-of-the-land!

(4) Cannot see blackholes directly through electromagnetic radiation (light).

@ But can see them through gravitational radiation (space-time ripples).



Waves that happen in Nature — Sounds Waves:

In solids: Earthquakes In liquids: Surf!
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Electromagnetic Waves In space-time: Gravity Waves

LIGO just added Gravitational Waves as a new way to observe Nature!
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Ordinary stars (8-30 solar.ssAe‘s) leave modest black holes (3—12 solar).



Conclusion 1: Most low-mass black holes today are small, slow eaters:

® 29-36 solar mass blackholes likely leftover from First Stars (first 500 Myr).
® Too massive to be leftover from ordinary Supernova explosions.
® How come only now seen merging by LIGO (12.5 Byr after BB)?

® They were likely not fast & efficient eaters, but slow and messy ...



e Very first stars likely born in the first 500 Myr after the Big Bang.

® They were likely 80-200 solar masses, lived fast, & died young (1 Myrs!)
® They could have left 30-80 solar mass black holes behind, as LIGO saw.

® But how come LIGO only sees these leftovers merge today (1 Byrs ago)?

® The James Webb Space Telescope will observe First Light after 2018.
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“For God’s sake, Edwards. Put the laser painfer away.”

The danger of having Quasar-like devices too close to home ...
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Conclusion 2: Supermassive black holes started early & were very rapid eaters:

e All massive galaxies today contain a super-massive blackhole, no exceptions!

® Masses 3x 10 solar, leftover from the First Stars (first 500 Myr)?

Future LIGO's to see frequent blackhole-mergers from epoch of First Light.



lllustration Sequence of the Milky Way
and Andromeda Galaxy Colliding

NASA, ESA, Z. Levay and R. van der Marel (STScl), T. Hallas, and A. Mellinger » STScl-PRC12-20b

Will this ever happen to our
own Galaxy?

YES! Hubble showed no lat-

eral motion:

Approaches at =110 km/s.

Hence, Andromeda will merge

with Milky Way!

The two blackholes (106-107
suns) will also merge!

Not to worry: only 4-5 Byr
from today!
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SuperMassive BlackHole mass
vs. Galaxy Bulge Mass

0.5% of total galaxy mass
makes it into SMBH!

SMBH=cosmic garbage dis-
posal:  Messy leftover of
galaxy formation!




Active Galactic Nuclei: powered by supermassive blackholes (106—1010 Msun)
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Blackhole affects surroundings over 1012 in size: from AU to 6 Mlyr:
or from General Relativistic Singularity (AU) to Relativistic Jets (Mlyr).



