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Planck Data
--- Cosmic Inflation theory
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are with quantum 

probabilities
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Where do these 
come from 
anyway?
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Minimizing  conservative estimates 
for my purposes (also motivated by 
decoherence in some cases)
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Subsequent collisions amplify the initial uncertainty 
(treat later collisions classically  additional 
conservatism)
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An important role for Brownian motion: 
Uncertainty in neuron transmission times

Brownian motion of polypeptides determines 
exactly how many of them are blocking ion 
channels in neurons at any given time.  This is 
believed to be the dominant source of neuron 
transmission time uncertainties 1nt ms 

Image from http://www.nature.com/nrn/journal/v13/n4/full/nrn3209.html

http://www.nature.com/nrn/journal/v13/n4/full/nrn3209.html
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• Special relationship to cosmic structure from inflation: 
“probability censorship”

• A counterexample: Betting on the digits of Pi (Not!)
• Compare with classical computer
• Compare with color:
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the “Results” bowl is red?

Heads
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Results

Results Results
In a multiverse with many copies 

of you, there simply is *no* 
physical completion for the 

question “which observer am I?”.  
Future data may address this, but 
not in time to make predictions. 

This is where things 
go wrong in the 

standard treatment 
of the multiverse

In many cases 
counting observers 
has no predictive 

value

No point in 
counting 
for these 

cases
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Implications for eternal inflation

(from quantum branching 
ratio)
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Pocket A with Ap

Pocket B with Bp

121

1) No “volume factors”
2) Boltzmann Brain problem reduced
3) No “youngness/end of time” problem

Implications for eternal inflationOne semiclassical universe having many more 
possible observers in it than another (often counted 

by volume), does *not* give that universe greater 
statistical weight.  Quantum branching ratio into one 

vs the other (             ) does count/A Bp p
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1) No “volume factors”
2) Boltzmann Brain problem reduced
3) No “youngness/end of time” problem

Implications for eternal inflation

This model has no “Boltzmann 
Brain” problem as long as 

Is not too small

/A Bp p

Boltzmann brains are 
observers which look good 
vs current data but which 

quickly go bad
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More pocket 
universes produced 
later vs earlier (due 
to more inflation) & 
experience any 
time cutoff

Time cutoff regulator 

Wavefunction cannot give 
probabilities for which 
pocket you are in.

 Time cutoff only there as 
(wrong) attempt to 
determine which pocket

 The youngness/end of 
time problem is asking a 
question the theory 
cannot answer



1) All practically applicable probabilities are of physics 
(quantum) origin.

2) Counting of objects may or MAY NOT be a way of 
accessing legitimate quantum probabilities

3) Standard discussions of probabilities in cosmology often 
make errors re 2)

4) 1) and care about 2) allow us to introduce better 
discipline into cosmological discussions (just say “no”).  
Implications so far:

a) No (counting based) volume factors
b) Reduced Boltzmann Brain problem
c) No youngness/end of time problem
d) Measure problems apparently resolved?

5) More rigorous treatment of eternal inflation (etc) 
needed to determine full implications. 

Conclusions
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Cosmic structure 
originates  in quantum

ground state in 
inflationary cosmology

A note on “probability censorship”



• Proof by exhaustion not realistic
• One counterexample (practical utility of non-quantum 

probabilities) will undermine our entire argument
• Can still invent classical probabilities just to do multiverse 

cosmology
• Not a problem for many finite theories (AA, Banks & 

Fischler)
• Which theories really do require classical probabilities 

not yet resolved rigorously (symmetry?... simplicity?  See 
below)

All everyday probabilities are quantum probabilities
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Compare with 
identical 
particle 
statistics

Cooperman 2011
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Further discussion

Bet on the millionth digit of π
• The *only* thing random is the choice of digit to bet on
• Fairness is about lack of correlation between digit choice 

and digit value
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Further discussion

Bet on the millionth digit of π
• The *only* thing random is the choice of digit to bet on
• Fairness is about lack of correlation between digit choice 

and digit value
• Choice of digit comes from
 Brain (neurons with quantum uncertainties)
 Random number generator  seed  time stamp 

(when you press ENTER) brain
 Etc
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Further discussion

Bet on the millionth digit of π
• The *only* thing random is the choice of digit to bet on
• Fairness is about lack of correlation between digit choice 

and digit value
• Choice of digit comes from
 Brain (neurons with quantum uncertainties)
 Random number generator  seed  time stamp 

(when you press ENTER) brain
 Etc

• The only randomness in a bet on a digit of π is quantum!
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Bet on the millionth digit of π
• The *only* thing random is the choice of digit to bet on
• Fairness is about lack of correlation between digit choice 

and digit value
• Choice of digit comes from
 Brain (neurons with quantum uncertainties)
 Random number generator  seed  time stamp 

(when you press ENTER) brain
 Etc

• The only randomness in a bet on a digit of π is quantum!
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Classical Computer: The 
“computational degrees of 
freedom” of a classical computer 
are very classical: Engineered to 
be well isolated from the quantum 
fluctuations that are everywhere        



• Computations are deterministic
• “Random” is artificial
• Model a classical billiard gas on 

a computer:
 All “random” fluctuations 

are determined by (or 
“readings of”) the initial 
state.

Further discussion
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Std. thinking about 
classical 

probabilities
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Our ideas about probability are like our ideas about 
color:
• Quantum physics gives the correct foundation to 

our understanding
• Our “classical” intuition predates our knowledge 

of QM by a long long time, and works just fine for 
most things

• Fundamental quantum understanding needed to 
fix classical misunderstandings in certain cases. 

Further discussion
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