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Information Gathering 
and Utilizing Systems 

(IGUSes)
• Gather Information.

• Use that to update a 
schema --- a model 
of the world.

• Use that to exhibit 
behavior. 



A Model 
Universe in a 

Box

Neglect quantum 
gravity.  Then the usual 
apparatus of Hilbert 
space, states, operators 
and Schrodinger 
equation can be 
applied. 

All IGUSes are Inside the Box 



Decoherent Histories QM

• The probability p at time t of an alternative 
represented by a projection P(t) (e.g a range of 
position) in a state         (one time) :  

• If we don’t have both the operator P and H and the 
state         there are no probabilities and no 
predictions. 
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p = ||P (t)|��||2

P (t) = eiHt/�P (0)e�iHt/�



Two Kinds of 
Description

Third Person:  The universe as it is.  
What it contains, how that is 
organized, how it changes over 
time.  
First Person:  What we 
individually and collectively  
observe of the universe. (The 
human scientific IGUS). 

First and third persons 
are connected by 

observers.



Third and First Person Probabilities
• The theory (H,Ψ) predicts third person probabilities 

for which history of the universe occurs.

• First person probabilities for what we observe are third 
person probabilities conditioned on a description D of 
our observational situation  --- including us.

• We test the theory by its first person predictions for 
what we observe.

p(O|D)



Anthropic Reasoning is Automatic in 
Quantum Cosmology

• Does not require a principle.

• Is not an option.

• Does not change the objective nature of 
third person theory. 

Anthropic reasoning follows from treating 
observers as physical systems within the universe.

We won’t observe what is where D cannot exist

p(O|D)) / p(D|O)



What is most probable to be observed 
( first person)

is not necessarily 
what is most probable to occur

(third person). 
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The No-Boundary
Quantum State 
of the Universe

Stephen Hawking
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Slow Roll Inflation

• Homogeneous isotropic minisuperspace 
with a single massive scalar field. 

• The NBWF predicts a one parameter family 
of classical histories.  Denote the parameter 
by      and the probabilities by 

• Assume we are rare --- at most one instance 
of D on the reheating surface of any of the 
histories. 

p(�0)�0



3rd Person Probabilities for Efolds

•One parameter (φ0) family  of classical histories 
with 3rd person NBWF probabilities p(φ0).

•N(φ0)=number of efolds of field driven inflation.
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Volume Weighted 
First Person Probabilities

• We assume a tiny probability for us to exist in any 
Hubble volume on the reheating surface of any of the 
classical histories predicted by the NBWF. 

• Assuming that there is only one instance of us in any 
history, we are more likely to exist in a universe with 
more Hubble volumes than a smaller.

• In this case, first person probabilities for observation 
are volume weighted third person ones. 



Probabilities for Inflation

By itself, the  3rd person NBWF probabilities favor low 
inflation, but 1st probabilities favor observing a universe 
that has undergone more inflation, because there are 
more places for us to be. 

p(⇥0|H0, �) ⇥ exp(3N)p(⇥0) ⇥ exp(3N � 2IR)

Assume we are rare.  First person probabilites are 
volume weighted third person probabilities. 



Observers in the QM 
of Closed Systems
e.g. Everett,  Many Worlds, 

Consistent/Decoherent Histories ...

•Measurements are described by 
third person probabilities for 
correlations between different 
subsystems --- the system and 
the apparatus.

•The presence or absence of 
observers has essentially no 
effect on the third person 
probabilities for how the 
universe is. 

But the observer returns to 

importance 

for the first person probabilities for 

observation.



Model Observers
• To calculate first person probabilities for 

observations we need a model of an observer.

• We are physical system with only a very small      
(3rd person) probability to exist in any Hubble 
volume, and in the very large universes of eternal 
inflation may be replicated elsewhere. 



Xerographic Distribution
•Third person probabilities for the universe and 
everything in it  are predicted by a theory of the 
universe’s dynamics (H) and quantum state (Ψ).

•This includes the probabilities for how many instances 
of us there are. 

•To get from third person probabilities to first person 
probabilities for what we observe we have to specify the 
probability that we are any one of these instances.  That 
is the xerographic distribution ξ. 

It is the combination (H,Ψ,ξ) 
that is testable. 

•An xdist is a necessary part of any model of an 
observer in a large enough that we may be replicated.



Deluded Observers
•Descartes’ evil demon
•Brain in a vat
•Matrix
•Boltzmann brains

To do physics we have to assume that we are not 
deluded, not in a vat, not in a matrix, and not a 
Boltzmann brain.   Admitting a chance for delusion is a 
self undermining assumption.

If there are many more deluded brains than copies 
of us we have to assume that the xerographic 
distribution is such that we are atypical. 



Atypicality Leading to  Predictability 
Boltzmann Brains

•Assume a xerographic distribution 
(xdist) that we are equally likely to 
be any of these brains.

Predictions: 0

The assumed xerographic distribution 
is testable by further observations. 

•Assume an xdist  that says we are 
equally likely to be any of these 
brains <100Gyr from the big bang.

Predictions: Cosmology as usual. 



Cosmological Questions 
for which a 

Theory of Observers is Important

• Why do we focus on the quasiclassical realm 
when quantum cosmology presents many other 
realms? 

• Do realms that are mutually incompatible with 
ours exhibit observers?                                     
Is there life in momentum space? (Unruh)

• What level of complexity is required for 
observers to evolve?



IGUSes are physical systems in the 
universe that exploit the 

regularities that the universe 
exhibits summarized by 

the laws of physics. 

Get food yes!
Be food, no!



•The early universe is simple -- 
homogeneous, isotropic, matter 
nearly in thermal equilibrium...    
Not a  place for observers.   

•The middle universe is complex-- 
varied inhomogeneous structures 
(galaxies, stars, planets, biota, ....) 
Observers can function.

•The late universe will be simple -- 
no protons, no stars, no black holes, 
no light....                                          

  Not a place for observers. 

Simplicity, Complexity, Simplicity



The most incomprehensible 
thing about the world is that it is 

comprehensible  (A. Einstein)
There would be no IGUSes if the 

universe did not exhibit 
regularities for an IGUS to exploit
But not so many regularities that 

an IGUS can not gain an 
evolutionary advantage.

IGUSes exist only in comprehensible universes.



A theory of IGUSes is necessary, 
not for understanding quantum 

theory, but rather for understanding 
our place in a quantum universe.



The Main Points Again
• Observers are physical systems within the universe that have 

no special role in the formulation of QM.  They have  
probabilities to exist in any Hubble volume and to be replicated 
elsewhere. 

• Theories of the universe’s dynamics and quantum state predict 
3rd person probabilities for what occurs (including observers)

• 1st person probabilities are for what we observe.  A 
xerographic distribution  connects these to 3rd person 
probabilities. 

• What is most probable to be observed is not necessarily what 
is most probable to occur. 

• A comprehensible universe is necessary for observers. 



Everett’s insight was 
that, as observers, we 
are physical systems 
within the universe, 
not outside it, subject 
to the laws of 
quantum mechanics, 
but playing no special 
role in its 
formulation. 
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