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@ Almost every time someone gives an st g e s
A N | TA/ P U EO ta | k, some body a SkS “Wh y Te(:etraed ‘l?a]]oons for radio detection of ultra high energy cosmic neutrinos
don't you simply tether the balloon?” g

@ This is (obviously) not a new idea, see e.g.
D. Besson et al.’s proceeding from
ARENA 2010 ()

@ In this talk I'll discuss some more recent
studies on sensitivity and feasibility of a
radio tethered balloon (aerostat) UHE
neutrino detector.

@ Start with “why"” and then mostly talk
about “how” and challenges

From ARENA 2010 proceedings
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Tethered Askaryan Detector Concept

QDD(J Ys

@ Similar in concept to ANITA or PUEO, but
significantly lower (likely several km), more
stationary and with longer livetime

@ Lower altitude not necessarily a downside,
depending on interesting energy range

» Dial the altitude for energy range you care about
e Dominant backgrounds for ANITA/PUEO are
anthropogenic; single location helps with that

@ Could be in Antarctica or Greenland (Antarctic ice
is better, but Greenland is easier)

Dramatization
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Tethered Askaryan Detector
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strongly on assumptions about trigger sensitivity
» This projection assumed an E-field threshold 2.5x lower than ANITA-IV over 300MHz-1GHz.

PUEO now has a lower threshold, and many tethered-specific optimizations could be made

» This was actually considered for PUEO in 2020
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Tethered v, Detector Concept?

@ For v;, don't need to go to the ice sheet.

@ Analogous to BEACON concept (though with full 27

Y. . .
Joodr: coverage and different antenna constraints).

@ But, RFl-clean practically accessible mountaintop sites rare

@ A tethered balloon in a valley / Fjord geometry has some
potentially compelling features:
» v, can convert in valley walls, adding volume compared to
flat geometry
> Valley walls also act as RFI shielding
» Valley floor (or fjord) much easier to access than mountaintop

@ Not clear exactly what the best topography is; valley walls
can't be too close together, to give the 7 room to decay.
» Full terrain-based simulation optimization studies needed
> Preliminary naive attempts at using GRAND tools suggest
perhaps 2x terrain factor in a random valley in Nevada

The Dream
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General aspects of tethered platform design

@ Looks more like a blimp than a balloon (so it can
take advantage of wind lift and be mostly
stationary)

@ For lower altitudes (up to a few km), can get power
from tether (at highest altitudes, power cable too
heavy so must use solar)

e Can bring data down tether as well (in fact, can use
RFoF to have almost all electronics on ground,
where easily serviced/upgraded).

@ Generally must be brought down in too high winds,
though can stay up for weeks at a time if weather is
good.

» This also imposes design requirements on how
antennas are suspended

Figure: General Aerostat Layout;
Source: Altaeros
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Previous Aerostat Science Cases

Publ. Astron. Soc. Aust, 1996, 13, 48-59

POST: A Polar Stratospheric Telescope for the Antarctic

Michael A. Dopita!, Holland C. Ford?,
John Bally® and Pierre Bely*"

ute of Advanced Studis,
PO, ACT 2611, Australia.

for observing
f galaxios

Figure: POST experiment idea
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@ The Polar Stratospheric Telescope (POST) was a
proposed near-IR and optical telescope planned to
fly on a tethered aerostat in the Arctic and/or
Antarctica.

» Eventually transitioned to the Stratospheric
Observatory For Infrared Astronomy (SOFIA)
experiment, which had the same science goal but
flew on a 747.

» Change was driven at least partially by the stringent
stability requirements of the experiment (telescope
FOV needed to be stable to within 12 mas)

@ Atmospheric Radiation Measurement (ARM)
facilities have used small aerostats for atmospheric
monitoring and research.
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Modern Use Cases: Telecom and electronics surveillance

@ Tethered aerostats get most of their applications in
the commercial and government sectors.

» World Mobile uses tethered aerostats as
semi-permanent communications infrastructure to
bring internet to unconnected areas

> Disaster relief efforts use tethered aerostats as fast
response communications coverage while impacted
area is being cared for

» Government agencies, such as U.S. Customs, use
tethered aerostats for border protections from
low-flying illegal aircrafts

Figure: World Mobile aerostat in
Zanzibar
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ATLAS-LTA Aerostat Portfolio

» Flies 50-100 days

, Ak\ @ In the case Jeff Bezos wants to get involved, there is

-
\\ .- the Propulsion Assisted High Altitude Platform.
L 7\\

@ Standard aerostats fly from 1-5km, carrying 100kg up
to 3,000kg. They fly for 15-45 days before needing
refilling.

» In the several $M range

@ High altitude aerostats drop the heavy power tethers
and produce all their power onboard via solar panels.
» This allows them to fly between 5-11km high, holding
up to 300kg

N

N
2 » No power tether, flies 16-20km above the surface
» Onboard propulsion system allows it to withstand heavy
winds
Figure: ATLAS-LTA > Flies year round
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Autonomous Aerostats

@ Unlike long duration balloon platform,
aerostats can land multiple times, refuel,
and relaunch. It is therefore desirable to
have autonomous control of aerostats.

@ Altaeros, another aerostat company, has
demonstrated autonomous launch,
control, and landing of their balloons.

» Ground mooring system is anchored to a
center point, and winch is allowed to
pivot around circle to adjust for winds
and improve stability

» Their current products don't go over 1
km, but if they can figure this out, may
greatly improve feasibility

Figure: Altaeros autonomous mooring system
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Applications of very small aerostats?

Small aerostats are very cheap, can be a good alternative to a drone for e.g. air shower
calibrations for radio arrays.

Skyhook Helikites

erial  Liftin n Ma Length  Width
At inFT  inFT

5 4

skyhook 3.0 2 15 6 35 4,000 9 55 £1,450.00

Skyhook 6.0 35 29 ° 38 5,000 n 7 £2360.00

Skyhook 9.0 35 45 1 42 5,800 n7 B £2,990.00

Skyhook 45 6 20 40 40 7,500" 2 . PoA

Figure: wuw.helikites.com

R. Scrandis and C. Deaconu (UChicago) Tethered Balloons for Radio Detection of Neutrinos? ARENA24 11/12


www.helikites.com

Conclusion

@ Tethered aerostats could provide an ideal platform
to measure the UHE neutrino flux
» Aerostats could fly for longer periods over Antarctic
ice than weather balloon counterparts with
competative Vg
» Deployment in valley or fjords could represent a
lower RFI alternative to the v, channel

@ Modern aerostats can reach the desired flight

altitudes and have potential autonomous
capabilities to make such an experiment realistic

@ Easy deployment and autonomous control opens up
a wide paramter space for possible deployment

Figure: Tethered Aerostats on an lcy locations (Europa anyone...?)
Moon (Adobe Firefly Al Generated)
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