


Meetings every month     (3rd Tuesday)
• Via Zoom (due to CoViD)
• Presentation at 8:00 PM
• (Business meeting 7:30 PM)
• Soon to be back as SUNY New Paltz

Star Parties every month 
(Friday close to a new moon)

at Lake Taghkanic State Park
• no telescope required
• bring a telescope if you want 
• (must register with car info)

Visit    http://midhudsonastro.org      for calendar of events (on Meetup.com)

Various outreach and education activities 
at public libraries, schools, Walkway Over 
the Hudson, and other local venues.

http://midhudsonastro.org/


Hermes
Messenger of the Greeks

Mercury
Messenger of the Romans

Hermod  (Hermóðr)
Messenger of the Norse

Light
(Electromagnetic Waves)

Gravitational Waves
Cosmic Rays
(principally Neutrinos)



Stonehenge
3000 to 2000 BC

Eratosthenes
240 BC

Tycho Brahe
~1600 AD

Galileo Galilei
1609 AD





W. M. Keck Observatory

The world's largest 
optical reflecting 
telescopes having 
aperture diameters 
over 8 meters.
(Wikipedia)  

Gran Telescopia Canarias Subaru Telescope

Hobby-Eberly Telescope Large Binocular Telescope Very Large Telescope

Southern African Large Telescope Gemini Observatory (N) Gemini Observatory (S)



Very Large Array (VLA)
Socorro, NM

Parkes Observatory (“The Dish”), NSW, Australia

Grote Reber’s Antenna
Wheaton, IL
1937



SWIFT 
(XRT and GBT) Fermi 

Gamma Ray 
Telescope

INTEGRAL
INTErnational Gamma-Ray Astrophysics Laboratory

AGILE
Astro-Rivelatore Gamma a Immagini Leggero  



Hubble 
Space 
Telescope
(HST)

Transiting 
Exoplanet 
Survey Satellite
(TESS)

GAIA 
Space 
Observatory 

James Web Telescope (2021-2026)

JWT launch scheduled for 18 DEC 2021!

(Not a real satellite  - parked at L2)





In 2015 the Laser Interferometer Gravitational 
Wave Observatory (LIGO) detected the faint 
signal from the merger of black holes, by 
detecting their gravitational waves!

Gravitational Waves were predicted by Einstein 100 years earlier.Illustration by  Aurore Simonnet (http://auroresimonnet.com)



Abbott, et. al., Physical Review Letters 116, 061102 (2016)  - Figure 1



Image Credit: ESA–C.CARREAU

Gravitational Waves (GW’s) are quadrupole distortions of space-time 
which travel at the speed of light.

GW’s are transverse — the distortion is perpendicular to the 
direction of travel.

Unlike even light, 
GW’s are unimpeded 
by anything in their 
way.  

Predicted by Einstein in 1916

Detected by LIGO in 2015



Michelson Interferometer



[Image: T. Carnahan (NASA GSFC)]

1. Compact Binary Coalescence (CBC):   
• Black Hole – Black Hole (detected!)
• Black Hole – Neutron Star  (detected)
• Binary Neutron Star  (detected!)
• White Dwarf  binary (not yet)

2. Continuous Wave (CW) Sources, such as 
spinning (asymmetric) Neutron Stars  - 
Gravitational Pulsars (not yet)

3. Primoridal Gravitational Waves from the 
early universe  (false alarm in 2014, but not yet)

4. Unmodeled Bursts, such as supernovae, cosmic 
string cusps, or other transient events     (not yet)

5. Something else? (Requires a changing 
quadrupole moment, so a spherically symmetric 
explosion won’t do.)



Image Source: New Scientisthttp://gmunu.mit.edu/sounds/comparable_sounds/comparable_sounds.html

http://www.ligo.org/science/GW-Inspiral.php LISTEN TO IT!

Gravitational waves are not sound waves, but the frequencies can be 
comparable to the audio range, so we can listen to them.

Chirp!





Gravitational wave signals of the merger of two neutron stars were 
detected by Virgo, LHO and LLO at 12:41:04 UTC on 17 August 2017

A 2 second gamma ray burst, GRB 170817A, was detected by both 
Fermi and INTEGRAL satellites 1.7 seconds after the merger time.

Within hours, and for many days, telescopes around the world 
detected the event in optical and infrared.   

The host galaxy was identified, giving a better measure of distance. 

Detected in ultraviolet by Swift-GRB satellite.

X-rays detected 9 days later by Chandra X-ray Observatory.

Radio signal detected 16 days later by VLA. 

A paper summarizing all Multi-Messenger observations  
[The Astrophysical Journal Letters, 848:L12 (59pp), 2017 October 20]
has almost 4,000 authors!



https://apps.apple.com/us/app/gravitational-
wave-events/id1441897107

https://gracedb.ligo.org/latest/  
https://gracedb.ligo.org/superevents/public/O3/

https://apps.apple.com/us/app/gravitational-wave-events/id1441897107
https://apps.apple.com/us/app/gravitational-wave-events/id1441897107
https://gracedb.ligo.org/latest/
https://gracedb.ligo.org/superevents/public/O3/




Light from a supernova in the 
Large Magellanic Cloud arrived 
on Earth on 24 February 1987

Three physics experiments running at the time were attempting 
(unsuccesfuly) to observe the decay of protons.  Each detected a burst of 
antineutrinos two or three hours before visible light reached Earth.

IMB (Irvine-Michigan-Brookhaven) 
in a salt mine under Lake Erie 
Detected 8 antineutrinos.

KamiokaNDE II in Japan  
Detected 12 antineutrinos

BURST experiment in Baksan River 
valley in Russia
Detected 5 antineutrinos



Cosmic Gall
by John Updike (1960)

Neutrinos, they are very small.
They have no charge and have no mass
And do not interact at all.
The earth is just a silly ball
To them, through which they simply pass,
Like dustmaids down a drafty hall
Or photons through a sheet of glass.
They snub the most exquisite gas,
Ignore the most substantial wall,
Cold-shoulder steel and sounding brass,
Insult the stallion in his stall,
And, scorning barriers of class,
Infiltrate you and me! Like tall
And painless guillotines, they fall
Down through our heads into the grass.
At night, they enter at Nepal
And pierce the lover and his lass
From underneath the bed—you call
It wonderful; I call it crass.
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To save the principle of Conservation of Energy, Wolfgang Pauli proposed 
(1930) an electrically neutral particle he called the “neutron”.

James Chadwick discovered what we now call the neutron in 1932.
So Enrico Fermi proposed naming Pauli’s particle the “neutrino.”

Neutrinos were first detected directly by Clyde Cowan and Frederick Reines 
in 1956  (Nobel Prize for Reines in 1995.)

(𝛽 decay)



The Standard Model of Particle Physics has massless neutrinos –
 so we know the Standard Model is Wrong!
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• Get a BIG tank of water

• Neutrino strikes a proton in a water 
molecule, turning it into a neutron, 
and expelling a positron (𝑒#).

• Energy and Momentum are conserved

• If the positron travels faster than the 
speed of light in the water then this 
produces Cherenkov radiation (it’s like 
the bow wave of a boat on water).

• Detect Cherenkov radiation with 
PhotoMultiplier Tubes (PMT’s) 

- lots of PMT’s!



Image by François Montanet

ANTARES
2.5 km under the Mediterranean Sea, off 

the south coast of France.    

IceCube
South Pole Neutrino Observatory

Super KamiokaNDE (Neutrino 
Detection Experiment), Japan



The pre-trial probability of the observed signal being due to background 
in a 5x5 degree window around the most significant point in the Northern 
Hemisphere (the hottest spot); the black cross marks the Fermi-3FGL 
coordinates of the galaxy NGC 1068. Credit: IceCube Collaboration







https://gcn.gsfc.nasa.gov/

When a gamma-ray burst or a 
gravitational wave event is 
detected, the originating 
observatory issues a “Notice” to 
the network (and possibly 
revisions).

Follow up observations from 
other observatories (or upper 
limits, or lack of detection) 
are sent out as “Circulars”

https://gcn.gsfc.nasa.gov/


NO LIGO announced S190728q   
on 28 July 2019 at 06:59 UTC

IceCube reported detecting a 
single neutrino from the same 
direction 

…but 360 seconds EARLIER.

There was an optical transient 
nearby 

…but 18 hrs  earlier, and not 
quite the right direction.

Read GCN Circulars…
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GW170817

SN1987a???
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Light
(Electromagnetic Waves)

Gravitational Waves Cosmic Rays
(principally Neutrinos)

When will they appear all at the same time?

Hopefully soon!
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"We have built an exact copy of that instrument that can be used in the LIGO-India 
Observatory," says David Shoemaker, leader of the Advanced LIGO Project and director 
of the MIT LIGO Lab, "ensuring that the new detector can both quickly come up to speed 
and match the U.S. detector performance."

Image © Tarun Souradeep, from http://www.natureasia.com/en/nindia/article/10.1038/nindia.2016.20



The KAmioka 
GRAvitational wave 
detector 

Located in a zinc and 
lead mine under a 
mountain in western 
Japan.

(The same mountain 
used for a famous 
experiment which 
attempted to observe the 
decay of the proton 
years ago.)



The LISA mission originally consisted of one “Mother” and two “Daughter” spacecraft orbiting the 
Sun in a triangular configuration, connected by the two arms of a laser interferometer.

LISA Laser Interferometer Space Antenna

The formation trails Earth in its orbit by 20° and the plane of the triangle is 60° from the plane of the ecliptic.  



Lagrange Points:

https://en.wikipedia.org/wiki/Lagrangian_point

Learn more at 

https://www.lisamission.org/  
 and 

https://lisa.nasa.gov/

Each of three spacecraft carry two 
test masses,  two lasers,
and  two telescopes, 
forming 3 interferometers 
with 2.5 Gm arms.

https://lisa.nasa.gov/


