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Spiraling Black Holes

Animation created by the Simulating eXtreme Spacetimes (SXS) project


https://youtu.be/tQ_teIUb3tE

What do they look like?™

» Aring of test particles that is ‘hit’ by a gravitational wave perpendicular to the
screen will be deformed like this:

www. einstein-online. info

» They are very weak! the relative variation in size is one part in 10%2. This is the
equivalent of measuring the distance from here to Alpha Centauri (4.37 light years)
with a precision of microns.



What do they look like?

A ring of test particles that is ‘hit’ by a gravitational wave
perpendicular to the screen will be deformed like this:

www. einstein-online.info

www.einstein-online. info

Gravitational waves do not interact with matter/fields between source and observer =
they shine a light in phenomena otherwise obscured by gas and dust (e.g., supernovae
and GRB engines)
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How do you detect GWs?

Most Precise Ruler Ever Constructed
Animation created by T. Pyle, Caltech/MIT/LIGO Lab



https://youtu.be/tQ_teIUb3tE

How do you detect GWSs? v
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What did LIGO detect on Sept 14, 2015

The merger of two black holes and the birth of a
new one.

Event GW150914
Original black holes:
29 and 36 solar masses (M).
Final black hole:
62 M, with dimensionless spin 0.67
Energy emitted: 3 M,
Power emitted: 200 M, /s
(140 billion trillion times that of the Sun)

Most powerful explosion recorded not including
the Big Bang!
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Where did this happen?

Distance: 410 Mpc or 1.3 Billion light-years
(redshift z=0.1)

90% confidence area: 600 deg?
(full moon area: 0.2 deg?)

With LIGO India: 2-7 deg?




Has a new era of GW Astrophysics sta rted?

arXiv.org Search Results
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What do these papers report?

12 papers from the LIGO and Virgo Scientific Collaborations

« First direct evidence of Binary Black Holes that inspire
and merger within the age of the Universe

« BHs are relatively heavy (M = 25 My) = weak massive
stellar winds = low metallicity environments.

« 12 papers from EM & Neutrino counterpart searches (all but
one with negative results)

7 papers about the possible association between a Fermi
GBM event and GW150914

« 8 about GW150914 detection implications for gravitational
theory



Observing Strong & Dynamical
Gravitational Fields

First observations of strang grawtatlonal fields:
s Solar sytem grawtatlonal tests: M/R 10 »; GW150914 IVI7R 1 ;

GW150914 merger places” constramts on
 The type of final obJect (gravastars & boson stars are ruled out)

GW150914 radlatlon mechanlsm places constralnts on:
* The presence of: dlpole radlatlon (e.g. due the scalar flelds)
* . BH mass leakage due to Iarge extra dimensions
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Advanced LIGO

Comissioning & Future Upgrades
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Advanced LIGO

Estimated Event Rates

Expected number of BBH events per month of coincident time
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What is Next for LIGO?

LIGO India

In 2012 NSF approved the delay in
installation of the 2"4 Hanford
interferometer, studying the
possibility of a LIGO India site.

In Feb. 2016, the Indian Gov.
approved (in principle) the
construction of LIGO India.

Last week NSF and Indian Dep. of
Atomic Energy (DAE) and Dep. of
Science and Techn. (DST) signed the
MoU in the presence of the Indian
Prime Minister N. Mod..

Construction to start in 2017 and
operations around 2023
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What is Next for LIGO?

LIGO India

India Earthquake Zone
" ~ Map
JA U&KASHMIR | |

e ’ & NATIONAL CAPITAL

© State Capital
@ Union Territory Capital
1

e
/_/ '\(H A o“:
ESF
Shiml
Chandlgaﬁ0 & | "

/ hi ONEW DELHI

\7\‘ K J

aipur
Lucknow
&dhinagar ADESH

NNNNN
8958
S

VoW e

FUIAR (4]
e Bhiopat Red crosses denote
_ ' . regions where the
DR . Ralpur Fairhurst 201 | gt ke B Llicadl c
xagat:ria ©Bhubaneshwar networ as Ind spots
MUMBAF2 O
@ Hyderabad
Panajid ~
A N
KARN ’
@CHENNAI § : J {f bk
Bangalor® a
- Andar ° .550° -30° ° ﬁo¥5§°
[ g @Pondicherry (Puducherry) ,;_ gPort Blair 0 ﬂ ]
—Pondicherry (Karalkal) Nicobgr 0 g / /
Islands KERALA Islands "0 / ./
Thiruvananthapur&m
%

Currently two sites are under consideration.
Decision to be announced next week.




What is Next for LIGO?

Voyager

Voyager represents a design
of the best that can be done
with the current LIGO sites.

It could start in middle to late
2020s.

New laser (1550nm, 300W).

Larger and cryogenic mirrors
and suspensions (sapphire).

Strain [1/V/ Hz]
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What is Next for LIGO? R

Cosmic Explorer / Einstein Telescope

* Design studies are very preliminary (ET) or non-
existent (CE).

*  Construction would start in 10-15 years.

* ET: Underground, triangular geometry, 10km arm-
length,

* CE: L-shaped, 40km arm-length



Thank you!

After half a century unwavering support from
NSF and the stoic efforts of the gravitational
physics community, LIGO has detected GWs

marking the dawn of a new field.

This is just the beginning: stay tuned for the next
LIGO paper!



Advanced VIRGO (Cascina, ltaly)

* Franco-Italian collaboration (19
institutes across Europe).

e Dimensions: 3km x 3km.

* Initial Virgo observed from 2008
to 2010.

* Advanced Virgo Avanzado is under
construction with operations
expected in 2016/17.
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KAGRA (Kamioka, Japan)

* Underground project. Cryogenic
mirrors and suspsensions (~123K).
200 scientists from more than 60
Japanese institutions.

e Arm-length 3km x 3km.

 Kagrais under construction,
operations are planned for 2018.




Most asked questions about GWs
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