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Puzzle: “Self-Locating Uncertainty” 

Our reference class can be locally identical observers 
with indistinguishable macroscopic data. 

We might know everything about the state of the 
universe, and everything about our local environment, 
and yet not know which copy of the environment 
we are actually in. 
 
(Sidestepping the “presumptuous philosopher problem.”) 



Attitudes toward self-locating uncertainty: 

1.  Indifference: I am equally likely to be any one of���
 the identical copies of me-like observers.���

 
2.  No clue: I have no idea which appearance is me,���

 nor any way to assign probabilities.���
 

3.  Xerographic distribution: My theory isn’t complete���
 until I separately specify a probability distribution���
 over observers. 

[e.g. Albert] 

[e.g. Hartle & Srednicki] 



Attitude taken here: 
 
If a theoretical framework implies a uniquely���
defined prescription for dealing with self-locating  
uncertainty, and that prescription fits the data  
where we have data, it is natural to accept the 
prescription more generally. 
 
(Don’t fight your theory.) 



Dealing with Boltzmann Brains. 

 
1.  Not implied by dynamics of the theory itself.���

 
2.  Even if current observations are reliable, we 

would predict crazy observations in the future.���
 

3.  No empirical support; we don’t know we aren’t���
random fluctuations on the basis of data.���
 

4.  Implies that most observers completely wrong. 

“No clue” and “Xerographic” try to say “There may be 
randomly-fluctuated observers, but I’m not one of them.” 
That’s unwarranted. 



Can Indifference be independently justified, 
rather than simply assumed? 

Elga (2004) argues for  
indifference in cases  
of self-locating 
uncertainty, in an  
apparently theory- 
independent way. 

We argue there is an implicit assumption in Elga, 
which can be brought to light, and actually 
helps extend the idea to quantum mechanics. 



Everett (Many-Worlds) Quantum Mechanics 

Nothing but states in Hilbert space + unitary evolution. 



Applying “indifference between indistinguishable 
copies” seems to imply “counting branches” in EQM, 
which gets the probability rule completely wrong. 

A worry: Indifference vs. EQM 

Resolution: don’t naively extend Indifference to QM; 
re-derive the proper credences from first principles. 



ESP: 
Epistemic Separability Principle  

When a system decomposes into “identical subsystems” 
plus “an environment,” the credence you assign to  
being in any particular subsystem shouldn’t depend on  
what happens elsewhere in the universe. 
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ESP is the hidden assumption needed to justify 
Indifference in the classical context. 

Elga: imagine Al is put to sleep, duplicated, and 
both (identical) copies are awakened. 
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Add in an (unfair) coin toss. 

Elga shows that the only way to maintain 10/90% 
credences consistently is to assign 50/50 to Al/Dup. 
 
Establishes Indifference if coin toss doesn’t matter (ESP). 



Self-Locating Uncertainty in EQM 

In the process of measurement, decoherence precedes 
knowledge, leading to self-locating uncertainty. 
 
The quantum state is probed by a macroscopic 
measuring apparatus, which passes the outcome on 
to the observer. 

observer 
apparatus 

observer 
apparatus 

tconsciousness ~ 10-2 s  
tdecoherence < 10-23 s  



In equations: 

(apparatus measures) 

(decoherence) 

(self-locating uncertainty) 

(measurement complete) 



ESP in the context of quantum mechanics 

Take a factorizable Hilbert space, which can be 
divided up into Observer, System, and Environment: 

Consider unitary transformations acting on the environment: 

ESP implies that probabilities are invariant: 

observer system environment 



Decompose the environment into a  
“playing card” and everything else: 

The Born Rule from the Epistemic Separability Principle 

Calculate probability P(↑) in a state with equal amplitudes: 

with 

Chose a new basis             in which the first two vectors are 



Original state: 
 
New basis: , 

Defining                                         , we have 

Consider unitary transformations on the environment: 



P(↑|Ψ) = P(↑|Ψ1) = P(↑|Ψ2), 

P(↓|Ψ) = P(↓|Ψ1) = P(↓|Ψ2). 

All three states are related by unitary transformations 
on the environment. Therefore, by ESP, probabilities 
for observing spins are equal: 



Therefore, P(↑|Ψ1) = P(↓|Ψ2). 

Therefore P(↑|Ψ) = P(↓|Ψ) = 1/2. 

But P(↑|Ψ) = P(↑|Ψ1), and P(↓|Ψ) = P(↓|Ψ2). 

P(♥|Ψ1) = P(♥|Ψ2). 

But we could also treat the card as the system, and the 
spin as part of the environment. In that case we have 



Unequal Coefficients (cf. Zurek) 
 
Bottom line: Decompose  
the state into equal-length 
components with identical  
observer circumstances. 
Each one gets assigned 
equal probability. 
 
Branches with      larger amplitude correspond to  
twice as many equal-length components, and therefore  
twice the probability. That’s the origin of the Born Rule.  
 
It’s just “counting,” but not branches -- equal-length 
components with indistinguishable observers. 



The Origin of Probability in QM 

Two notions of “probability”: 
 
1.  Objective: true stochastic dynamics. No way of���

predicting the future from the past, only���
frequencies of events. (Frequentism; GRW theory.)���
 

2.  Subjective: ignorance of exact state. We could ���
predict the future if we knew the present, but all we ���
have is a probability distribution over current states.���
(Bayesianism; Bohmian mechanics.) 



Naïve idea of probability in EQM: 
“The Born Rule gives the probability that 
I will end up as any particular observer.” 
 
Problem: you don’t “end up as some observer.” 
You evolve, with certainty, into several observers. 



Resolution: (cf. Vaidman; Greaves) 
 
1.  You evolve, with certainty, into several observers.���

 
2.  Every one of those observers, before finding out ���

which branch they are on, uses the Born Rule to���
assign probabilities. (“Reflection principle.”)���
 

3.  Therefore, you should use the Born Rule to���
assign probabilities, even before branching occurs. 



all your descendants use the Born Rule  
to assign credence in their present 

therefore you should 
use the Born Rule to assign 
probabilities to the future 



space 

Consider a universe so big that we expect multiple  
copies of identical observers, each observing a 
quantum system. 

Mixed Uncertainties: Page’s “Born Rule Crisis” 

Born rule is not enough to predict probabilities, even if 
you know the exact state of the universe (and you). 
 
No set of operators project onto observables. 
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Consider many observers, on different branches, possibly 
at different times, each going to observe a spin. 
What probability of observing spin-up? 



wi = |�i|2

P (Oi) =
wi�
j wj

|�i� = �i|�� + �i|��

Weight observers by their squared amplitude: 

Probability of being any observer: 

Each spin has a wave function 

Giving a total probability 
of observing spin-up: P (�) =

�

i

|�i|2P (Oi)



Take-home messages 

•  Self-locating uncertainty appears naturally in large���
 universes and when the wave function branches.���

 
•  There are good reasons to give equal credence to all���

 appearances of identical data (Indifference).���
 Alternatives seem worse. This makes the���
 appearance of fluctuations very problematic.���

 
•  Indifference isn’t just an assumption. It follows from ���

 the Epistemic Separability Principle, ESP.���
 
•  Rather than undermining EQM, ESP actually justifies the���

 Born Rule, and generalizes to mixed uncertainties. 


