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1999: First LIGO Collapboration Meeting at Livingston
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April 21, 1998 jes) to the limit of the statistics
o to the limit of the statistics

) Research and Deve'opment G rou pS TO: Leaders of the Gravitational Wave Projects ':etkzeen LA and WA

»> Stochastic Forces - Isolation systems and suspr 1 would like you to consider a strategy for the opening days of the large baseline inter-
_ ferometer gravitational wave detectors that will provide the best for the science itself and
— David Shoemaker can be held up as a model for how a new field is opened responsibly.

> Sensing Noise - lasers and optics The proposed strategy is extremely simple.

A detection of gravitational waves is to be announced only after a statistically meaningful

ronmental monitor channels
llary detector channels

rration)

— Eric Gustafson analysis has been performed of the data of ALL instruments that were observing through-
out the world.

»> Interferometer Conﬁgurations >ncy and amplitude modulation indices

The instruments include the large and medium baseline interferometers, the acoustic de-
— Ken Strain tectors and the prototype detectors.

LIGO interferometers

The data analysis for the individual instruments is carried out by the scientists associ- ronmental monitor channels

° Data AnalySIS G I‘OUpS ated with these instruments and their collaborators. The data and statistical results are

brought to a council composed of representatives from each observing group. The initial

>>Astrophy8|cal Source Identification and S'gnatur publication is submitted in two parts. A paper from the group(s) making the observation

_ and their analysis and a second paper from the council discussing the statistical signifi-

— Bruce Allen/Tom Prince cance 1n regards to the worldwide effort, in particular, the probability and confidence of
detection in some of the instruments as well as the reasons for non-detection in others.

llary detector channels

' . tkm(LA) and 2km(WA) ® 4km(WA) statistical
»>»Detector Characterization

Suggest that the council be formed within the next year and that one of the functions
— William Hamilton/Daniel Sigg of tbe c.ouncil be to maintain an inventory of the schedule of operations of the various
gravitational wave detectors throughout the world.

delay in 4km ® environmental channel

' ' isti ' ' ® ancillary channel
»> Detection Confidence and Statistical Analysis delay in 4km ® ancillary channe

Sincerely yours,

SRR ith all other detector groups, with correqunding
bservation has been made (preferably a joint

VICky KalOg era 2 / 272026 Rai1 Weiss | Rainer Weiss t, to jointly arrive at a reasonable hypothesis why
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~ 2000 - 2010
- Merger (CBC) Rates

+ BNS,

3

BH, (NS

BH)

» CBC Source Properties

- Masses, Spins

« Spin Tilts,

Redshifts

~ 2003 - 2016

- Data Analysis

« Baysian Parameter Estimation

~ 2010 - present

. Detector Characterization

SR ETEV 1Y Spy

- Data-driven Astrophysical

Nnterpretatiopn

. Astrophysical Source

°roperties
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Masses in the Stellar Graveyard

LIGO-Virgo-KAGRA Black Holes LIGO-Virgo-KAGRA Neutron Stars EM Black Holes EM Neutron Stars
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Tidal effects e

Kick on secondary
from supernova

N3Je|0S|

Credit: Shanika Galaudage (@astronerdika)



First come the masses ...

a peak LVK 2025, ApJ Letters; arXiv: 2508.18083
9-11 Msun —— B-SPLINE, GWTC-4.0
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Are these features real?

What is their physical origin?




Another look at low-mass BHSs:

—— B-SPLINE, GWT(C-4.0

i — B P L 2 PEAKS, GWTC-4.0
No evidence for a gap . Powam Lw -+ Paak, GHTC.00

GW230529 —— Broken PL

—— Broken Power Law + Gaussian

Mrmin (90%): [3.0 - 3.6]

Sridhar, Ray, VK 2025,

Omkar Sridhar Anarya Ray

Anarya Ray  Will Farr




Let’s unpack things: mass rati

_| below ~30 Msun

Also in Godffrey+ from GTWC3
and in LVK O4a

O

9

priors
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~30 - 45 Msun

Trailing up

Also in Godffrey+, LVK O4a
for masses above 15Msun

and in Banagiri+ 2025 for 20-40




M+ below ~30 Msun M4 ~30 - 45 Msun




T h a n k yo u Rai ' On Oct 4, 2022, at 10:36 AM, Rai Weiss <weiss@ligo.mit.edu> wrote:
, [ |

Vicky,

On Thu, 29 Sep 2022, Vicky Kalogera wrote: On Sep 29 2022 at1C
. Thanks for the information. That movie you sent must have happened because
: wrote.
Dear Rai, you or your kids were studying the piano and had left the music open to
A little birdie told iti 90th birthd . . .
tHe birdie told me 1L 1s your rthaay the C major prelude (the only one in the well tempered one can just read

today! Very happy birthday, .
Vicky, and try to play). Did anyone in your family go on and enjoy the pleasure

| hope you get to celebrate with family and close
friends and you get all Thank you for the note. of playing?

special treatment! . -
g astronomer, took interes

| send you my best wishes and my many, many thanks From: Rai Weiss <weiss@|igo.mit.edu>

for all the ways you have wave astronomy was a n

impacted my path. You were singularly important in its dark times before dis SUbJGCt: Re: Best wishes!

my decision to join the Date: October 4, 2022 at 11:07:06 AM CDT

LSC and | will always remember your words in your k | k h d
- To: Vicky Kalogera <vicky@northwestern.edu>

office almost 25 twenty | hear a rumor from the ; y 8 Y@

years ago and | am greatly appreciative you visited . . Resent-From: <vicky@northwestern.edu>

Northwestern and spent is a chance you mlght b

time with us all. | am sure you have also done science and reality ofth

things | don't know about, Vicky,

e wave detectors.
but you have also been a critical influence on me

without your knowing, as It is an important topic f | bet there is a grand piano in your future. They sound so much better
| watched you all these in big and small moments, astronomy and encoura: than a spinet or Upl’ight. Let's see how Fred's interest grows.
events, and interactions. | Rainer

To say that you are an inspiration is an tell you what | know abo

understatement. Big Hugs!
Vicky



Rai

Thank you, Rai!

Vicky,

3/13/2024

| would be honored if you include my note to you and the committee in the documents. If | were to

write it again it would emphasize more strongly the possibility that the dark matter in the universe

10-23 came from the primordial vacuum fluctuations and that these turned into a spectrum of black hole
~ masses. In other words, the dark matter is primordial black holes. | have pulled a small group together
E at MIT who think this is likely as it would solve several puzzles in cosmology including the time of the
E formation of the first stars now discovered by JWST observations. A 40km Cosmic Explorer may also
0 10~ have a good chance of establishing if there are primordial black holes of the types we are now
2 observing with LIGO but at times earlier than the first stars. LISA is not sensitive enough to do this (
'% \ CE (40 km) the BH mass is too small) nor will pulsar timing. | would be happy to talk with you about the various
%) 10—25 \\ CE Facility puzzles and see if your group would be interested in thinking about black holes being dark matter.
L e ——— 11 The idea for this is Stephen Hawking's, | just have become a devotee.
10 100 1000
Frequency [Hz] | wnat to thank you again for taking on the difficult question of the future for gravitational wave
research. —_
Rai to Me 3/29/2024 i -
Vicky,

Your committee report could not have been better for the future of gravitational wave astronomy. | am
delighted it was accepted by the parent MPS committe unanimously. Furthermore, you answered the
only possibly hostile member of that committee masterfully by saying yes improvements can be made
to the detectors but they would be ever so much more important scientifically if they were made on a
40km detector.

Thank you again for taking the committee chairmanship.

Rainer

MPSAC ngGW Subcommittee




