Prediction: Week 12
~ SPI\CE FUTURES

.

01 29 %4 2 . ’ P o AR O CVARIT L0 $F oy Lol e AT it RS R 5
The 3-body problem - n-body simulation Illustrls (+more phy51cs)
PO EAT Y 0 A B 0 ST PR SRR =T 5 DAL

- N N - A -
- AS P g QM) B xd /,/

Special guest behavioral economist (Federico Slepoi)

“ - —:/A, /4/,//

SPI\CE FUTURES discussions


https://www.ars.toscana.it/images/eventi/2021/NUDGE/Slepoi_F_Le_scienze_comportamentali_al_servizio_delle_Pubblcihe_Amministrazioni_lesperienza_di_Roma_Capitale.pdf

et o S0 ST e




< Prediction in Astrophysics Lab’ change®

INTERACTIVE VIDEO
: Z PredictionX
. C Prediction in Astrophysics

Watch clip

™ ' y

- Avi Loeb, Astrophysicist : _
e R

How do astrophysical simulations work?

#astrophysical_simulation #model_inputs

00:04:1
Dark matter and dark energy create

uncertainty in our predictions for future
astrophysical activity.

eeeeeeee

#dark_matter #dark_energy #uncertainty

#predictability

00:04:51

Using our comprehension of physical laws
and observations of light from billions of
light years away (in the past), we can

utilize simulations to do space archeology
to recreate the history of the universe.

eeeeeeeee

D Oes AStr p ‘ J Sical #space_archeology #history_of_the_universe
mulation Work?

———— 00:06:24

| i | Transcript [ ) The origins of life on Earth, and the
implications on our estimates of the

P —— s | I [ J

Loeb’s strong opinions about Al:
If studies don’t lead to deep understanding, we can’t build on
them (so they’re not worth doing. . . for him?)


https://www.labxchange.org/library/pathway/lx-pathway:34dd3b2c-3aec-460a-817f-da4af2ed1577/items/lx-pb:34dd3b2c-3aec-460a-817f-da4af2ed1577:lx_simulation:1a066234?source=/library/clusters/lx-cluster:ModernPrediction

Astronomy Simulation (with expert TFs)

Padua Rainbow for the theory of galaxy evolution

Simulation is used to apply:
Known physics theory (i.e.
gravity, hydrodynamics, etc)
Empirical correlation
Analytical theory

(see Mila’s presentation)

Pipit Triani

Dr. Pipit Triani's Slides

Mila Chadayammuri

Dr. Mila Chadayammuri's Slides

The same principles, applied to not just stars but also gas and dark matter, allow
us to understand the evolution of the entire Universe over billions of years


https://docs.google.com/presentation/d/18O11tjqGf35n82fdb9FgUUOYN7lpqjDrXl3YZkaGqu8/edit#slide=id.g230c7991525_0_0
https://docs.google.com/presentation/d/1QfTu-2d3oG1hdG3ndOuwxnR0CPBRVDW-rvdVM4hZqWY/edit?usp=sharing

< The Search for Extraterrestrial Intelligence Lab’ change

INTERACTIVE VIDEO

PREDICTIONX
THE SEARCH FOR EXTRATERRESTRIAL
INTELLIGENCE

Jill Tarter, SETI expert

1. The Search for Extraterrestrial Intelligence

00:26:06

’

What can we predict about humanity's
response to first contact with
extraterrestrial civilization? Will we come in
peace, will they?

#human_response #arrival #first_contact #aliens

00:30:08

Why the Search for Extraterrestrial
Intelligence is no longer government-
funded.

Watch clip

#fear #government_and_aliens

Predicting Humanity's e I
Respopise to Aliens T

Will it be us or robots who explore space?

Tarter’s question for aliens (as in CONTACT):
How did you make it through this technological adolescence?
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Comets in Ancient Times
(with Owen Gingerich & Sara Schechner)
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Adoration of the Magi

Scrovegni Chapel,
Padua, Italy

Note the comet
overhead in this Giotto
fresco, painted in the

early 1300s. The

inspiration for the
comet? Halley’s Comet,

which was visible from
Earth in 1301-1302.
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Comets, Newton & Gravity(!)
(Simon Schaffer on the BBC, 2008)



Goodman &

Whittet 1995 ApJL 455 L181 doi:10.1086/309840
http://dx.doi.org/10.1086/309840

© 1995.

The American Astronomical Society. All rights
reserved. Printed in U.S.A.
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ROSETTA

12 years through space
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Today: we use Newton’s Laws to land on comets
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https://www.youtube.com/watch?v=MWxijOjmn-g




< Prediction in Astrophysics Lab’ change®

INTERACTIVE VIDEO
: Z PredictionX
. C Prediction in Astrophysics

Watch clip

™ ' y

- Avi Loeb, Astrophysicist : _
e R

How do astrophysical simulations work?

#astrophysical_simulation #model_inputs

00:04:1
Dark matter and dark energy create

uncertainty in our predictions for future
astrophysical activity.

eeeeeeee

#dark_matter #dark_energy #uncertainty

#predictability

00:04:51

Using our comprehension of physical laws
and observations of light from billions of
light years away (in the past), we can

utilize simulations to do space archeology
to recreate the history of the universe.

eeeeeeeee

D Oes AStr p ‘ J Sical #space_archeology #history_of_the_universe
mulation Work?

———— 00:06:24

| i | Transcript [ ) The origins of life on Earth, and the
implications on our estimates of the

P —— s | I [ J

Loeb’s strong opinions about Al:
If studies don’t lead to deep understanding, we can’t build on
them (so they’re not worth doing. . . for him?)


https://www.labxchange.org/library/pathway/lx-pathway:34dd3b2c-3aec-460a-817f-da4af2ed1577/items/lx-pb:34dd3b2c-3aec-460a-817f-da4af2ed1577:lx_simulation:1a066234?source=/library/clusters/lx-cluster:ModernPrediction




The 3-body problem
which Newton’s Law of gravity alone cannot exactly solve

Note: good overview at: en.wikipedia.org/wiki/Three-body problem


https://youtu.be/nMH0LkZ0YdU?t=4995
https://youtu.be/nMH0LkZ0YdU?t=4995
https://youtu.be/nMH0LkZ0YdU?t=4995
https://youtu.be/nMH0LkZ0YdU?t=4995
https://youtu.be/nMH0LkZ0YdU?t=4995
https://youtu.be/nMH0LkZ0YdU?t=4995
https://youtu.be/nMH0LkZ0YdU?t=4995
https://youtu.be/nMH0LkZ0YdU?t=4995
https://youtu.be/nMH0LkZ0YdU?t=4995
https://youtu.be/nMH0LkZ0YdU?t=4995
https://en.wikipedia.org/wiki/Three-body_problem

N body simulation in Python with code (from “Simulating Physics” on YouTube)

youtube.com/watch?v=ijxwdV_ZWnc


https://www.youtube.com/watch?v=ijxwdV_ZWnc
https://www.youtube.com/watch?v=ijxwdV_ZWnc

Simulation-Observation Comparison

Collisions sim vs. ops https://www.youtube.com/watch?v=COXNyTp5brM



Simulation Essentials Refresher



2D computational zones are 3D computational zones are
called “pixels” or “grid cells” called “voxels” or “grid cells”

S5
N

#simulation or model #technology theoretical computation and math



The rules applied in a simulation give an “update” for what happens in each
“pixel” or “voxel” depending on what happens in neighboring cells.

SIEEEEELEE o
BHEER (b
K>

HEEEEEEEEE NS
SHESSSEEER (A

;

The resolution in any simulation cannot be finer, in space, than the size of the
smallest grid cell, or in time than the smallest time step.



“Time Step n”

System is in some “state”
shown by the arrangement
of colors in the pixels

The resolution in any simulation cannot be finer, in space, than the size of the

PREDICTIVE

SYSTEM

“Time Step n+1”
HEEEEEEEEEE
HEEEEEE BN
HEEEEE NN
HEEEEEE BN

System is in new “state” shown

by the new arrangement of
colors in the pixels

smallest grid cell, or in time than the smallest time step.



| _INPUTS

Initial Conditions

PREDICTIVE

SYSTEM

| OUTPUTS

Final Conditions
HEEEEEEEEE
HEEEEE BN
HEEEEE NN
HEEE [
HEEEEENE BN

This starting state is
determined by INPUTS
to the predictive system.

The resolution in any simulation cannot be finer, in space, than the size of the

At the last time step, the state

of the simulation is the
OUTPUT.

smallest grid cell, or in time than the smallest time step.



#resolution #approximation
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The path of the puck looks jerky when you play because the
temporal and/or spatial #resolution of the situation is low (not very good).

9
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FYI—same “Vornoi” idea gives the curved
line on the “original” Jobn Snow map.

10
Very clever modern

simulation
“meshes” move and |
adjust with what’s ¢

o
« N
v \ 5% s
)

happening in the
simulation.
#resolutionis thus
variable. 0
(e.g. Arepo ik
“moving mesh” 33".}:3“;.:,;‘%;
code, using CLS
Voronoi N
tessellation )
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Image credit: Volker Springel, wwwmpa.mpa-garching. mpg.de/~volker/arepo/


https://wwwmpa.mpa-garching.mpg.de/~volker/arepo/
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Time evolution of a 10Mpc (comoving) over-dense region within Illustris. While the right side shows a full-physics simulation that includes gas cooling, as well as
stellar and black hole formation and feedback, the left side shows a simple simulation of the same region, which includes only gravity and hydrodynamics.
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SPNACE FUTURES
& The Padua Rainbow

Some “Data” are used to provide “initial conditions,”

then, as G and are applied,

more “Data” are generated as simulation output,

and used to offer 0y Predictions |

*or, Experiment*
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SPN\CE FUTURES with 2 of your expert astrophysicist TFs

Padua Rainbow for the theory of galaxy evolution

Simulation is used to apply:
Known physics theory (i.e.
gravity, hydrodynamics, etc)
Empirical correlation
Analytical theory

(see Mila’s presentation)

Pipit Triani

Dr. Pipit Triani's Slides

Mila Chadayammuri

Dr. Mila Chadayammuri's Slides

The same principles, applied to not just stars but also gas and dark matter, allow
us to understand the evolution of the entire Universe over billions of years


https://docs.google.com/presentation/d/18O11tjqGf35n82fdb9FgUUOYN7lpqjDrXl3YZkaGqu8/edit#slide=id.g230c7991525_0_0
https://docs.google.com/presentation/d/1QfTu-2d3oG1hdG3ndOuwxnR0CPBRVDW-rvdVM4hZqWY/edit?usp=sharing

SPNCE FUTURES discussions



. S . . v < . - -

THE NUMBER OF * - THEAVERAGERATB

CIVILIZATIONS  "* . * "OF STAR FORMATION -

IN OUR GALAXY |

'WITH WHICH
'COMﬁUNICATION
IS POSSIBLE

Fatira;
LI .i. .
) .

~do H. F

{EdQ); w k*

AD(t )‘P(tl At_z) ..
kek: PTR koK Vie s
- / nD\(t;,z)m ‘

The Drake Equation

. - L -

THE AVERAGE  +. *
NUMBER OF THOSE -

PLANETS THAT

X = . A S * -
THE F‘RACTION OF - FRACTION

NETS " |OF 11‘31}33 PLANE
WITH LIFE

~  DEVELOPING LIFE THAT DEVELOP

INTELLIGENT LIE

COMMUNICATION

W@B@w
SUCH CIVILIZATIONS
SURVIVE AND
CONTINUE TO SEND
COMMUNICATIONS'



https://informationisbeautiful.net/visualizations/the-drake-equation/
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Federico Raimondi Slepoi

Roma Capitale
R? - Ufficio di Scopo Innovazione per le
Politiche Comportamentali




< The Search for Extraterrestrial Intelligence Lab’ change

INTERACTIVE VIDEO

PREDICTIONX
THE SEARCH FOR EXTRATERRESTRIAL
INTELLIGENCE

Jill Tarter, SETI expert

1. The Search for Extraterrestrial Intelligence

00:26:06

’

What can we predict about humanity's
response to first contact with
extraterrestrial civilization? Will we come in
peace, will they?

#human_response #arrival #first_contact #aliens

00:30:08

Why the Search for Extraterrestrial
Intelligence is no longer government-
funded.

Watch clip

#fear #government_and_aliens

Predicting Humanity's e I
Respopise to Aliens T

Will it be us or robots who explore space?

Tarter’s question for aliens (as in CONTACT):
How did you make it through this technological adolescence?


https://youtu.be/hfDWq5lEfDI?t=2328
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https://informationisbeautiful.net/visualizations/the-drake-equation/
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Jodie Foster & Matthew McCounaghey in the movie CONTACT, copyright Warner Brothers 1997 (reproduced for
educational use only) Disclaimer: Jill Tarter does not like mis-use of the Drake equation, which includes this scene.


https://informationisbeautiful.net/visualizations/the-drake-equation/

The Drake Equation

Are We Alone in the Universe?

Calculate the Chance of Intelligent Alien Life with the Drake Equation

In 1961, Astronomer Frank Drake came up with an equation to estimate how many detectable extraterrestrial civilizations might exist in
our galaxy. Each variable is a crucial factor for the development of alien life.

/ today’s optimistic \\ lowest possible / / original drake values \\ today’s skeptical /

No. of new stars born jlg Average no. of habitable ]/f % chance that life f

per year planets per solar system develops intelligence ; O
‘f Calculate
ARAK

Ak

() 8
0 )

* % of stars with n % chance a habitable % chance life can No. of times civilisation
R e Ji L
planets planet develops life ; communicate across space could re-develop

Optional addition allows for the
chance of civilization to re-evolve
after collapse. An intuitive
addition if you consider the billion
year lifespan of planets.

informationisbeautiful. net/visualizations/the-drake-equation/


https://informationisbeautiful.net/visualizations/the-drake-equation/
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Start the presentation to see live content. For screen share software, share the entire screen. Get help at pollev.com/app




