Are the laws of physics
actually fine-tuned?

Jim Clarage
Department of Chemistry and Physics
University of St. Thomas






Gravity mysteries: Why is gravity fine-tuned?

“The feebleness of gravity is something we
should be grateful for. If it were a tiny bit
stronger, none of us would be here to scoff at its
puny nature.”
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If Mp > Mn
If mp << mn

|f Mp ~= Mn

proton and neutron

mp = 1.6726 x 10?7 kg
mn=1.6749 x 102 kg

proton decays to neutron (no atoms)
deuteron unstable (no pp reaction)

no beta decay possible



proton-proton chain reaction
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41H — 4He + 2e* + 2y + 2ve (26.7 MeV)



Implications...

o Anthropic Principle
o Designer (aka Tuner)

& Multiverse



Anthropic Principle
(Brandon Carter, 1974)

WEELS
What we can expect to observe must be restricted by the
condition necessary for our presence as observers.

Strong:

The Universe (and hence the fundamental parameters on
which it depends) must be such as to admit the creation of
observers within it at some stage.



Hoyle’s Carbon resonance

triple-alpha process
3 He =5 "2C

prediction: 7.65 MeV (1952)
measured: 7.656 MeV
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GHAPITRE PREMIER.

Gomtment Candide fut dlevé dans an bead chitesn, et comwent il fut ohnssl
dlicelul.

eau de M. le haron de Thunder-ten-tronckh, un
mesurs les plus douces. Sa physionomie
2 droit, avec Vesprit le plos simple Cest,
s, pour cette raison qu'on le nommail Gandide. Les anciens domestiijues de la
soupconnaient qu'il éait fils de la seur di monsieur lé baron, et d’un boret
Atithomme du voisinagé, que cette demoiselle ne voulut jumais épouser,

1! ¥ avail en Vestphalie, dans le chat
o gargon ) (qui 1a nature avait donné fes
oIt son ame. 11 avail 1e jugement asse;

Voltaire’s Candide, 1759




"There is a concatenation of all events
in the best of possible worlds..."

-Master Pangloss,
teacher of the metaphysico-theologo-cosmolonigology






CO, times today's valus




William Paley (1743-1805) used the watchmaker analogy in h|s book Natu;aLTheoIogy, or Evidences of
the Existence and Attributes of the Delty collected from the Appearances of'blature published in 1802.
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http://en.wikipedia.org/wiki/William_Paley

April, 1931 THE NATURE OF THE CHEMICAL BOND 1367

[ContriBUTION FPROM GATES CHEMICAL LABORATORY, CALIFORNIA INSTITUTE OF
TrcanoLogy, No. 280]

THE NATURE OF THE CHEMICAL BOND.
APPLICATION OF RESULTS OBTAINED FROM THE
QUANTUM MECHANICS AND FROM A THEORY OF
PARAMAGNETIC SUSCEPTIBILITY TO THE STRUCTURE
OF MOLECULES

By Lmnus PavLing
Rucmivep Freruany 17, 1031 Pusrisaxp Arei 6, 1031

During the last four years the problem of the nature of the chemical
bond has been attacked by theoretical physicists, especially "Heitler and
London, by the application of the quantum mechanics. This work has
led to an approximate theoretical calculation of the energy of formation and
of other properties of very simple molecules, such as H,, and has also pro-
vided a formal justification of the rules set up in 1916 by G. N. Lewis for
his electron-pair bond. In the following paper it will be shown that many
more results of chemical significance can be obtained from the quantum
mechanical equations, permitting the formulation of an extensive and
powerful set of rules for the electron-pair bond supplementing those of
Lewis. These rules provide information regarding the relative strengths
of bonds formed by different atoms, the angles between bonds, free rotation
or lack of free rotation about bond axes, the relation between the quantum
numbers of bonding electrons and the number and spatial arrangement of
the bonds, etc. A complete theory of the magnetic moments of molecules
and complex ions is also developed, and it is shown that for many com-
pounds involving elements of the transition groups this theory together
with the rules for electron-pair bonds leads to a unique assignment of




Goldilocks planet

@ not too hot (nor cold)
@ oxygen

o sunlight

“Has the Earth a Corner on Life?” Kenneth Crist, Los Angeles Times, 1935
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QuickTime™ and a
Sorenson Video 3 decompressor
are needed to see this picture.



Goldilocks planet

@ not too hot (nor cold) thermophilic (118°C !)
. oxygen anaerobic (no oxygen)

. sunlight heat, sulfur

Aquifex pyrophilus
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How to un-fry and egg




Apollo 12 (1969)

Surveyor 3's camera (1967) Streptococcus mitis



Language

“delicately dependent...”
“slightly different...” (14)
“very slightly stronger..”
“wildly improbable numerical accidents...”

“somewhat weaker...”
“tiny bit stronger...”

“Slightly” stats:

14 times in Davies, “The Accidental Universe”

20 times in Barrow, “The Constants of Nature: The Numbers That Encode the Deepest
Secrets of the Universe”



F1=979.677941576350
F2=979.67763437/7790

AF ~ 1/10/

m =100 kg, dr=1.0m



Hendrik Schatz

feature
article

are governed
experimentalists alike.

Hendrik Schatz is a prolessor of physics and astronomy at Michigan State University's department of physics and astronomy

Rare isotopes in
the cosmos

Such stellar processes as heavy-element formation and x-ray bursts
by unstable nuclear isotopes that challenge theorists and

and

Mational Superconducting Cyclotron Laberatory in East Lansing. He is also cofounder and associate director of the Joint Institute for

Muclear Astrophysics, an NSF Physics Frontier Center.

Radioactive nuclei with extreme neutron-to-proton ra-
tios—rare isotopes—often decay within fractions of a second.
Typically, they are not found on Earth unless produced at an
accelerator. Yet nature produces copious amounts of them in
supernovae and other stellar explosions in which the rare iso-
topes, despite their fleeting existence and small scale, imprint
their properties. Large amounts of them also exist as stable
layers in the crusts of neutron stars.

Fare isotopes are therefore intimately linked to funda-
mental questions in astrophysics. An example is the origin of
the 50-0dd naturally occurring elements between the iron re-
gion and uranium in the periodic table. As figure 1 shows,
with recent progress in stellar spectroscopy and the continu-
ing discovery of very old and chemically primitive stars, a
“fossil record” of chemical evolution is now emerging. Nu-
clear science needs to make its own progress to match spe-
cific events to the observed elemental abundance patterns
produced in stellar explosions. That has turned out to be a
tremendous challenge. Nuclear theory is still far from being

Nuclear Astrophysics in the US exemplifies such a center.
Across the Atlantic, Europe is witnessing such initiatives as
the Extreme Matter Institute and the Munich Cluster of Ex-
cellence on the Origin and Structure of the Universe, both in
Germany, and the international Challenges and Advanced
Research in Nuclear Astrophysics network.

Origin of the elements

Nuclear processes in stars and stellar explosions have forged
nature’s chemical elements out of the hydrogen and helium
left over from the Big Bang. Fusion reactions in stars drive
the formation of elements with atomic numbers up to about
that of iron. But fusion does not produce heavier elements;
the nuclear binding energy per nucleon is maximal for nuclei

around iron and nickel, so continued fusion would be
endothermic.

Heavier elements are thought to be built up by a neu-
tron-capture process that iterates a two-step sequence. First,
neutrons bombard a seed nucleus until a number have been



Hoyle’s Carbon resonance

triple-alpha process

34He — 12C

Steven Weinberg: fine = 20%
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Stating the obvious

ra = radius axle holes
o = radius lug bolt

If ra>rp, unstable, decays 1-2mins.
If ra<rp bound state cannot form!

Conclusion: travel as we know it impossible
w/out tuning.






Cytochrome c,






Life qua Algorithm




Life qua Algorithm

If C(t+1) >= C(t) {
TumbleTime = long;

}

Else {
TumbleTime = short;

}




Architecture
Independent

I/l program to replicate Archimedes’ calculation of pi // also shows numerical
problems - wdg 2008 #include <stdio.h> #include <math.h>float estimate(int); //
prototypeint main(void) { int divs;  for(divs=1; divs<2000000; divs*=2) {
float pi = estimate(divs); printf("For

division=%d Pi is approximately %.5f\n", divs, pi); } return O;}float
estimate(int divisions) { int i float sum =0.0, width = 1.0/divisions;

for( i=0; i<divisions; i++ ) { sum += width * sqrt( 1.0 -
(i*width)*(i*width) ); } return 4*sum;}
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Systems Biology of Human Aging - Network Model 2009
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Pre-stating

“Never calculate anything until you already know
the answer”

-Landau



TATA-box binding protein (TBP)

(c) ETH Zurich & MedILS
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Pre-stating,
non-ergodicity

Time required to create all possible 200
residue proteins at least once:

10%7 times the lifetime universe!

Stuart Kauffman, Investigations
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GHAPITRE PREMIER.

candide fat dlevé dans nh besus chitesu, ot gomment il fut chnsst
dlicelul.

Gomiment,

1! ¥ avail en Vestphalie, dans le ¢hteau de M. le haron de Thunder-len-ron ih, un
e gargon B (ui la nature avail dommé les mesurs les plus donces: S physionomie
oIt son ame. 11 avail Je jugement assez droil, avec Vesprit le plis simple | c'est,

s, pour cette raison qu'on le nommail Gandide. Les anciens domestiiues de la
soupgonnaient qu'il ait fils de la seur de monsieur le baron, et d’un born et
tithomme du voisinage, que cebte demoiselle ne voulut jumais épousar,

Voltaire’s Candide, 1759



