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..if all else... ... ...fails.

points of departure: points of departure: points of departure: points of concern: points of practice: points of arrival:

2021 PDC 2023 PDC 2024 PDC,; climate change 1997 XF,, to Dimorphos (99942) Apophis

* 6 months to impact still 11 years to impact still 16 years to impact  global impact certain was 31 years to no impact | ¢ discovered >20 years ago
 take what'’s at hand very large asteroid deceptively small asteroid - many tools ready at hand very large asteroid * 1-in-7500 years opportunity
 go for it all-out  nuclear decision  long uncertain location  fake news & false balance action follows attention * no dedicated mission @ T-4
* shoot now * times a-changin’  |ate decision, little support « wait now, wait later DART hits 25 years after  |ate decision, little support
= deflect or abort later =» sub-nuclear needed = late quick solution needed =>» act now or suffer later '

PDC 2025
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Image Landsat / Copernicus

Data SIO, NOAA, U.S. Navy, NGA, GEBCO .
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2023 PDC EXERCISE

Google Earth ‘& S U/ ‘ Z 5650
$10,NOAA, USS. Navy, NGA, GEBCO 7 3 i Antaret|

§ |c-€trcleh 0
N/ y o\ % Prime-Merigian \ y
View from Space (Altitude: 7819 km) N / 4 / . w-10° | (N
) / / 3 R =0)
| . 150,

ASTEROIDSQUADS/iSSB

Image Landsat / Copernicus
* very big launcher
* many small impactors
+ AsteroidSQUADS/iSSB
+ 1stversion @ PDC 2011
* then, just a big test &
exercise of opportunity

Launcher Configuration:
20 impactors — 2 medium — 2 heavy

- B e . ) 1 interceptor with comsat cone
Co ..'ghtRyanChylins <i @ScienceTripper = L ko i i3 (medium impactor)
- i : i

8 interceptors on ASAP ring under
fairing (baseline impactor)

1 interceptor attached to SYLDA
shell under comsat cone
(heavy impactor)

1 interceptor with comsat cone

8 interceptors on ASAP ring under
SYLDA

1 interceptor attached to upper stage
under comsat cone

e >85M vehicles built in 2022 worldwide ...rolled out to 40 g/m?:

* average weight per car in the U.S.: 1,945 kg 48,000 m? = (220 m)? per avg. car
e >165 Mt moving product mass per year >4 M km? per year

* equivalent of 2 to 3 Planetary Sunshades =2 Planetary Sunshades per year

Number of smartphones sold to end users worldwide fr
million units)
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-40 0 20 40
days relative to Earth departure date of 15-Jul-2021
Declination of the Launching Asymptote (DLA) and injection

characteristic energy (C3) for an interceptor going from Earth —3 : R S S, ESRS i SE S5 1
towards 2021 PDC for the between 1. May 2021 and 1. Nov. 2021 3 i & AsteroidSQUADS | [ Apophis

AsteroidSQUADS outatis AsteroidSQUADS 1999RQ36

oo ulyil b s  Apophis o Barth \ E —.r_-,', = '_" o '-;‘ .“z. : =B ‘ X it _ . ? »- : S - . _ = B R T M 8
_ Za vt Syl Crie e i A v : >1.4 G mobile phones built in 2021 ...in a sunshade of various small sails:
Feleentiasy = d . } T { R e eg . . . o
v 'V VN "’,: B9 = T RS ' >16 G mobile devices operate worldwide * 2 M km? = 2200 M sails of (100 m)?

7
typical mass 120 ... 250 g = 0.3 Mt/year * 2 M km? = 22 T mini-sails of 1 m? @

trajectory from Earth, 1 May 2021, to 2021 PDC arrival 20 July 2021 ; : :
ralee og,_x?g_;g deg; REK: 197.030deg; c3: 12a6rgﬁ<mz/szu d tOday' the world bUIldS >1 400 000, OOO mOb'Ie phones Per year... 10’ to =2000 ICs per mobile device (incl. cars) * IC supply > several Sunshades/year

orbits of , 2021 PDC, and -
new one comes in — serious money comes in — new one comes in — serious money comes in —
serious money goes out for 2 years new one goes out 2 years later serious money goes out for a few years new one goes out 3 years later

jw09239-0002_t001_nircam_clear-f150w2_i2d[1]

practice asteroids for the tricky 20’s
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2024 YR« (@ 53-67 m) (almost to scale)
NAC NAC 2025 PDC,s (@ 90-160 m) Tunguska (@ 50-80 m)

NAC NAC
NEA 2 1 pixel: NEA full frame: NEA full frame: NEA full frame:
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s = 5500 km s=5.5km s=1.6km s=0.5km I - A%y <_'-, " i\ Y Al 3 (‘. = Wiley light-jammer — 1951 — 61,000,000+ m?

GIobaI Progress of Solar Sail Technology
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Moon'’s Orbit

EXERCISE — EXERCISE — EXERCISE — EXERCISE — EXERCISE — EXERCISE

For 14 years of ‘fun papers’ we have practiced to defend Earth from
challenging asteroids using small spacecraft, shoebox-sized
nanolanders, and membranes thinner that a human hair sailing on
nothing but sunshine. Keep ‘em coming!

We welcome 2024 PDC,- !

EXERCISE — EXERCISE — EXERCISE — EXERCISE — EXERCISE — EXERCISE

EXERCISE
3S1D43X3

The times, they are a-changin’ and the future is certain — give us time to work it out.




