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SETI SIGNAL SEARCHES

GJ406

» Almost all of the previous SETI surveys searched
for narrow-band drifting signals across a limited
part of the radio spectrum.

(Drake 1960; Verschuur 1973; Tarter et al. 1980;
Valdes & Freitas 1986; Horowitz & Sagan 1993;
Siemion et al. 2013; Harp et al. 2016; Tingay et S
al. 2016, 2018:; Enriquez et al. 2017; Pinchuk et & o

al. 2019: Price et al. 2019; Sheikh et al. 2020; DR R
Traas et al 2021; Gajjar et al 2021)
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MULTIDIMENSIONAL PARAMETER TECHNOSIGNATURE SEARCH

s astiime » 2 -space
® 1 - sensitivity ® 1 - frequency
® 2 - polarization ®x 1 - modulation scheme

Source : Jill Tarter
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BROADBAND PULSED BEACON

Pulses with Artificial Dispersion as beacons from ETls
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BROADBAND PULSED BEACON SUGGESTIONS

* Oliver 1985 argued that regular train of pulses have more advantage
over the CW transmitter. If the train of pulses can exhibit altering circular
polarization, that would mimic artificiality of the signal.

 "The most rational ET signal would be a series of pulses that would be
evidence of intelligent design” (Drake 1990)

e Extremely narrow pulses with positive and negative dispersion from ET|
(Siemion et al. 2013)

« ASTROPULSE (Von Korftf et al. 2016)

e Pulsar as beacon for SETI (Vidal 2019; Haliki 2019; etc)

SETI.BERKELEY.EDU | BREAKTHROUGHINITIATIVES.ORG BREAKTHROUGH



http://seti.berkeley.edu
http://breakthroughinitiatives.org

BROADBAND PULSED BEACON
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POWER-BUDGET OF AN ET| TRANSMITTER
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SPANDAK PIPELINE

Lebofsky et al 2019
2794 files
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First and only highest-frequency FRB e el e
detection with SPANDAK e TR Y
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SPANDAK is being/have been used to search FRBs at the following radio telescopes across the globe
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OBSERVATIONS OF NEARBY STARS

e 232 hours of total observations across 4 — 8
T b m o GHz with the Breakthrough Listen Digita

P RN A s USRS SR LA backend (MacMahon et al. 2018) from July
i /g AR A n) TRERL L S et ) 2017 and June 2018.
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e 1884 stars observed

e 584 primary targets and 1300 secondary
targets (Isaacson et al. 2017).

» Beacon search parameters using SPANDAK
o Artificial DM : O to 5000

e \W:0.31t042 msec

e S/N > 10
BREAKTHROUGH
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OBSERVATIONS OF GALACTIC CENTER

1. Higher propensity of habitable planets near
and towards the Galactic Center.

2. Schelling Point
3. Spacefaring Civilizations

4. Plethora of exotic astrophysical objects

(GAJJAR ET AL.
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OBSERVATIONS STRATEGY

Deep observations of GC(0,0)

- -
i~

n “. 0 ‘h " ? - :
e b Mo W 5 -, N
- 1 . A ‘ .

Survey of the bulge

» SETI.BERKELEY.EDU | BREAKTHROUGHINITIATIVES.ORG LSTEN  TOUGR



http://seti.berkeley.edu
http://breakthroughinitiatives.org

APPLYING SPANDAK PIPELINE ON OBSERVATIONS

Lebofsky et al 2019
2794 files
(~300 kHz; 0.3 msec)
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CONVOLUTION NEURAL NETWORK
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TRANSIENT SIGNAL SEARCHES: INTERESTING CANDIDATES!
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TOTAL NUMBER OF STARS SURVEYED

n(Z,R) n, (e=%uin 4 (0.085e“umick)e~R/Mr gtars/pc?

(Carroll & Ostlie 2007)
Z:i = 350 pc Ziia = 1000 pc  hp =2.25 kpc

e GBT C-band (4’ x 4’) : 0.6 million stars

e Parkes UWL (30" x 30°) : 60 million stars

_ 10000ly T .

» SETI.BERKELEY.EDU | BREAKTHROUGHINITIATIVES.ORG LSTEN  TOUGR



http://seti.berkeley.edu
http://breakthroughinitiatives.org

TRANSMITTER OCCURRENCE SPACE FOR NARROWBAND BEACONS

BL-GC C-band

BL-GC UWL

Price (2019 - Parkes)
Price (2019 - GBT)

) Enriquez (2017)
Gray&Mooley (2017)
Harp (2016) a,b
Harp (2016) c
Harp (2016) d
Harp (2016) All*
Siemion (2013)
Phoenix

<_| Phoenix All*
Horowitz&Sagan (1993)
Valdes (1986)
Tarter (1980)
Verschuur (1973)

|
U

QL
-+
©
oC
-
QL
+J
=
&
W
-
©
-
'—

16 :: 18
EIRP [log(W)]

‘ R N SETI.BERKELEY.EDU | BREAKTHROUGHINITIATIVES.ORG LISTEN  TODeR


http://seti.berkeley.edu
http://breakthroughinitiatives.org

TRANSMITTER RATE FOR BROADBAND SIGNALS VS. EIRP

BL GC survey + Nearby Stars
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SUMMARY

Broadband pulsed signals with artificial dispersion are unique class of beacon
which are easy to identify and can travel across large interstellar distances

We observed close to 2000 stars and Galactic Center, across 4 to 8 GHz with
the Breakthrough Listen program on GBT.

Three ditterent types of broadband pulsed beacons were searched using a
locally developed GPU-enable signal detection pipeline named SPANDAK. We
developed and trained a CNN based classifier to reduce the number of false

positives. This is the first time ML has been actively used in for a large scale
SETI survey.

For the first-time we were able to constrain presence of broadband pulsed
beacons In the solar neighborhood.
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