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Optical SETI

e An extraterrestrial intelligence may
already be aware of our existence on
Earth.

e Pulsed optical laser signals from deep
space may be another method for
communication.

o Galactic WiFi?
o Energy delivery system?

o Eavesdropping?

OIR LAB

M31: NASA/ESA


https://sci.esa.int/web/hubble/-/55195-the-area-around-the-andromeda-galaxy-ground-based-image

Optical SETI OIR LAB
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What is PANOSETI? 0OIR LAB

e Panoramic SETI.
e Currently located at Lick Observatory.

e All-sky all-time survey of pulsed optical
transients within nanosecond and
second timescales.

e Telescopes function in pairs, observing
the same section of sky.

e Applications for SETI research and
high-energy astrophysics phenomena.

Laurie Hatch Photography

Maire et al. 2019



The PANOSETI telescope OIR LAB

e 0.46 meter, f/ 1.32 Fresnel lens.

e ~100 square degree field of view.

Electronics and
| detector assembly

e 400-750 nanometer bandwidth. |
|

e Fiber optic ports for data transfer
and White Rabbit time
synchronization system.

/
Fresnel lens assembly

e Three telescopes in operation.

e ~700 meter baseline separation.
Brown et al. 2021
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An all-sky all-time observatory 0OIR LAB

e Maximizing sky-coverage increases
chances of intercepting a pulsed
signal.

e Separating two observatories
enables coincidence detection.

e The PANOSETI observatories will
cover a large fraction of the
Northern night sky.




Lick Astrograph On-sky Imaging 2pe 20221118 03:03:53

QIR LAB
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Science objectives of PANOSETI

Optical SETI

(@)

Pulsed optical laser
technosignatures

Cherenkov shower detection

(@)

Cosmic rays

Optical counterpart searches for:

(@)

(@)

(@)

Fast radio bursts
Gamma ray bursts

Dark matter self-annihilation
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What has PANOSETI seen so far?

PANOSETI
Crab Nebula

| 2

e PANOSETI telescopes observed
the Crab Nebula with 12-meter
VERITAS T4 and T2 telescopes.

e Three Cherenkov shower
detections are considered to be
likely gamma ray emissions from
the Crab Nebula.

e The energies of these sources were
measured to be 15, 36, and 51 TeV.
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Data processing for PANOSETI 0OIR LAB

e Sixteen 8x8 pixel sub-arrays of
Hamamatsu silicon multi-pixel
photon counters form a 32x32
pixel array.

e Each quadrant hasa 10 Gb/s
network connection.

e 0.31° pixel scale.

e 528-byte data packets are
recorded using Wireshark and
specialized software developed by
Berkeley team.




Data processing for PANOSETI

e Configuration file

e Python scripts

(@)

Translates hexadecimal-
encoded data to photon
counts

Generates a video file
centered around a chosen
time for a telescope

Records transient centroid
positions to a CSV file for
later follow-up

Coincident source
identification

candir(path) as files:
file_count = @

3 , 'r") as file:
.load(file)

{max_value=file_count)

if file.i.
file | ath. ame (file.name)
file_data o ath)+'/ ~(file_name), allow_pickle=True)

equence in file_data:
1
for frame in file_data[i]:
threshold_image = frame.data > count_threshold

labeled array, feab umber = ndimz abel(threshold_image}
centroids

.append(convert_unix_time(frame.timestamp))
" 1.append{count_thri d)
*].append{path+file_name})
Je=1
bar.update(j)

output_file = p

OIR LAB

“telescapes™:
[
{"identifier®: "Te

“dome"™ :

"quabo_addres:

{"identifier®: "Te
"dome™: “"Barnard

"quabo_addresses”:

[

"count_threshold”:




EPANOSET!  frame 9771 of 20002
PDT 2023-04-27 21:28:49:501812 PDT 2023-04-27 21:28:49:506776 PDT 2023-04-27 21:28:49:506776

Astrograph W Astrograph E Barnard
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http://drive.google.com/file/d/1ZQGTEYYDEPd1p09kNL6KiCWkrYjRUFss/view

Data processing for PANOSETI

Airplanes and satellites represent sources
of noise.

| mplementation of automated interface
with public flight and satellite data.

Airplane sources travel faster across FOV
than satellites.

Pulse height mode for events exceeding a
photoelectron count threshold, for high-
frequency pulses.

Standard imaging mode for lower-
frequency pulses.

OIR LAB
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The future of PANOSETI

e Three telescope sites currently
at Lick Observatory.

e Expanding partnerships with
high-energy astrophysics
programs.

e PANOSETI has received funding
to fabricate and commission 10
telescopes within the next year;
European Research Council.

e PANOSETI will ultimately have
100s of telescopes deployed
worldwide.

FOV: ~2400. deg ’

OIR LAB
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