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To begin,
we need a general theory of probability.

Subjective Bayesianism

in which anything not known with certainty
can be assigned a probability
restricted only by
consistency with the axioms.

Most general & inclusive:



Probabilities are assigned to 
statements

that must obey a logical calculus:  

The goal of this paper is to understand the how the apparently objective probababilities

of quantum mechanics can be fit into the Bayesian framework, which allows di!erent people

to make di!erent probability assignments. This issue has been addressed before by Caves,

Fuchs, and Schack [1], and our results are in broad agreement with theirs. However, we

emphasize a somewhat di!erent approach to certain issues that we will explain as we go

along.

In section II, in order to fix the notation and key concepts, we briefly review the axioms

and basic theorems of probability theory. In section III, we introduce the notion of a

probability of a probability, and explain how it can be applied to experimental data to

turn an originally subjective probability into an increasingly objective one, in the sense that

all but strongly biased observers agree with the final probability assignment. In section

IV, we apply this formalism to the probabilities of quantum mechanics. In section V, we

discuss when and why it is preferable to assign probabilities to possible density matrices

for a quantum system, rather than assigning a particular density matrix. In section VI,

we discuss the construction of noninformative prior distributions for density matrices. We

summarize and conclude in section VII.

II. THE AXIOMS OF PROBABILITY

The statements to which we may assign probabilities must obey a logical calculus. Some

key definitions (in which “i!” is short for “if and only if”):

S = a statement.

" = a statement known to be true.

! = a statement known to be false.

S = a statement that is true i! S is false.

S1 " S2 = a statement that is true i! either S1 or S2 is true.

S1 # S2 = a statement that is true i! both S1 and S2 are true.

S2|S1 = a statement i! S1 is true, true i! S2 is true.

Elementary logical relationships among statements include S " S = ", S # S = !,

S #" = S, S1 # (S2 " S3) = (S1 # S2) " (S1 # S3), etc. Denoting the probability assigned to

a statement S as P (S), we can state the first three axioms of probability.
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Probability assignments
must obey the axioms:  

Usually in math, 
the axioms are considered to be 

a sufficient definition 
of whatever obeys them.

Axiom 1. P (S) is a nonnegative real number.

Axiom 2. P (S) = 1 i! S is known to be true.

Axiom 3. If S1 ! S2 = ", then P (S1 # S2) = P (S1) + P (S2).

Axiom 4. P (S2|S1) = P (S1 ! S2)/P (S1).

From these axioms, and the logical calculus of statements, we can derive some simple

lemmas:

Lemma 1. P (S ) = 1$ P (S).

Lemma 2. P (S) % 1.

Lemma 3. P (S) = 0 i! S is known to be false.

Lemma 4. P (S1 ! S2) = P (S1) + P (S2)$ P (S1 # S2).

We omit the proofs, which are straightforward.

We will also need the notion of a conditional statement S2|S1. S2|S1 is a statement if and

only if S1 is true; otherwise, S2|S1 is not a statement, and cannot be assigned a probability.

Given that S1 is true, the statement S2|S1 is true if and only if S2 is true. The probability

that S2|S1 is true is then specified by

Axiom 4. P (S2|S1) = P (S1 ! S2)/P (S1).

Note that, if P (S1) = 0, then S1 = " by Lemma 3, and so both sides of Axiom 4 are

undefined: the right side because we have divided by zero, and the left side because S2|" is

not a statement.

Another concept we will need is that of independence between statements. Two state-

ments are said to be independent if the knowledge that one of them if true tells us nothing

about whether or not the other one is true. Thus, if S1 and S2 are independent, we should

have P (S1|S2) = P (S1) and P (S2|S1) = P (S2). Using these relations and Axiom 4, we get

a result that can be used as the definition of independence,

S1 and S2 are independent i! P (S1|S2) = P (S1) and P (S2|S1) = P (S2)

P (S1 ! S2) = P (S1)P (S2).

Note that independence is a property of probability assignments, rather than the state-

ments themselves. Thus, people can disagree on whether or not two statements are inde-

pendent.
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A:  Any assertion of a putative fact.  

III. PROBABILITIES OF PROBABILITIES

What limitations, if any, should be placed on the nature of statements to which we are

allowed to assign probabilities?

There are various schools of thought. Frequentists assign probabilities only to random

variables, a highly restricted class of statements that we shall not attempt to elucidate.

Bayesians allow a wide range of statements, including statements about the future such as

“When this coin is flipped it will come up heads.”

“It rained here yesterday.”

“The value of Newton’s constant is between 6.6 and 6.7! 10!11m3/kg s2.”

“Beethoven was a better composer than Berlioz.”

“The probability that it rained here yesterday is between 0.66 and 0.67.”

A major thesis of this paper is that the class of allowed statements should include state-

ments about the probabilities of other statements. Some Bayesians (for example, de Finetti

[2]) reject this concept as meaningless. However, it has found some acceptance and utility

in decision theory, where it is sometimes called a second order probability ; see, e.g., [3]. In

particular, it is an experimental fact that people’s decisions depend not only on the prob-

abilities they assign to various alternatives, but also on the degree of confidence that they

have in their own probability assignments [3]. This degree of confidence can be quantified

and treated as a probability of a probability.

To illustrate how we will use the concept, consider the following problem. Suppose that

we have a situation with exactly two possible outcomes (for example, a coin flip). Call the

two outcomes A and B. In the terminology of the logical calculus,

A "B = ! and A #B = $

, so that A and B are a complete set. The probability axioms then require P (A)+P (B) =

1, but do not tell us anything about either P (A) or P (B) alone.

P (A) = ?

In the absence of any other information, we invoke Laplace’s principle of insu!cient

reason (also called the principle of indi"erence): when we have no cause to prefer one

statement over another, we assign them equal probabilities. Thus we are instructed to

choose P (A) = P (B) = 1
2
. While this assignment is logically sound, we clearly cannot have

a great deal of confidence in it; typically, we are prepared to abandon it as soon as we get
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We are not claiming that [a probability of a probability] is a real "probability" 
in the sense that we have been using that term; it is only a number which is to 
obey the mathematical rules of probability theory.

E. T. Jaynes
Probability Theory: the Logic of Science
(Cambridge, 2003) 

Q:  What statements are allowed?



If you don’t like 
probabilities of probabilities, 

we can invoke the 
di Finetti representation theorem

(classical or quantum)
which says that they’re OK
(at the cost of constructing 
an artificial sample space)



Bayes’ theorem

some more information.

Another (and, we argue, better) strategy is to retreat from the responsibility of assigning

a particular value to P (A), and instead assign a probability P (H) to the statement H = “the

value of P (A) is between h and h + dh.” Here dh is infinitesimal, and 0 ! h ! 1. Then

P (H) takes the form p(h)dh, where p(h) is a nonnegative function that we must choose,

normalized by
! 1
0 p(h)dh = 1. We might choose p(h) = 1, for example.

Now suppose we get some more information about A and B. Suppose that the situation

that produces either A or B as an outcome can be recreated repeatedly (each repetition will

be called a trial), and that the outcomes of the di!erent trials are (we believe) independent.

Suppose that the result of the first N trials is NA A’s and NB B’s, in a particular order.

What can we say now?

The formula we need is

Bayes’ Theorem. P (H|D) = P (D|H)P (H)/P (D).

P (H|D)
" #$ %

= P (D|H)
" #$ %

P (H)
" #$ %

/P (D)

D = “AABAAABABA”

Bayes’ theorem follows immediately from Axiom 4; since H"D is the same as D"H , we have

P (H|D)P (D) = P (H"D) = P (D|H)P (H). While H andD can be any allowed statements,

the letters are intended to denote “hypothesis” and “data”. Bayes’ theorem tells us that,

given a hypothesis H to which we have somehow assigned a prior probability P (H) (whether

by the principle of indi!erence, or by any other means), and we know (or can compute) the

likelihood P (D|H) of getting a particular set of data D given that the hypothesis H is true,

then we can compute the posterior probability P (H|D) that the hypothesis H is true, given

the data D that we have obtained. Furthermore, if we have a complete set of hypotheses

Hi, then we can express P (D) in terms of the associated likelihoods and prior probabilities:

starting with D = D " " = D " (H1 #H2 # . . .) = (D "H1) # (D " H2) # . . . , and noting

that D "Hi and D "Hj are mutually exclusive when i $= j, we have

P (D) =
&

i

P (D "Hi) =
&

i

P (D|Hi)P (Hi), (1)

where the first equality follows from Axiom 3, and the second from Axiom 4.

To apply these results to the case at hand, recall that our hypothesis is

H = “P (A) is between h and h+ dh”
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“Prior”
“Likelihood”

“Posterior”
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Data Hypothesis

(follows immediately from Axiom 4)



This or that “principle”

somebody’s choice of prior.
is often just

Subjective Bayesians
always have the option of 
agreeing or disagreeing

with that choice.

A key point:



Example: Boltzmann brains

“Principle of Indifference”: P=1/N

P=1

X

X

XX

X

XX

XX

X

XX

X

X

X

P=0

X

X

Subjective Bayesian working assumption:



No need to make a definitive choice!

P(SBwa)=0.95

P(PoI)=0.05

e.g.,

Why should we doubt the
“Principle of Indifference”?

These are just different 
xerographic distributions.



Why should we doubt the
“Principle of Indifference”?

Because it’s known to be false!

Example:  Are humans typical
               animals on Earth?

No!



Expt: Yes

Nature
Education
Knowledge
Project

Downsizing Doomsday: 

Under specified conditions,
will a bacteria colony grow exponentially?

NoPoI:  



Morals:

Choices of priors
(= “principles”)

are assumptions
that should be subjected

to scientific scrutiny and doubt.

Subjective Bayesian framework 
(with probabilities of probabilities allowed)
can accommodate all forms of reasoning

in actual use by human beings.



Probability in QM:
ontic

or 
epistemic?

Epistemic:  need QM generalization
of SB framework (hard!)

Ontic:  Born’s Rule = physical law;
SB probabilities must conform



Decoherent histories

Exact (medium) decoherence 
needed to define ontic probabilities:
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paper explores the second.
The essential ideas of extended probabilities in the con-

text of the quantum mechanics of closed systems were
given in [6] and are easily summarized. For simplicity
restrict attention to a system of particles and fields in
closed box and assume that the spacetime geometry is
fixed and flat. The basic input to a quantum description
of the contents of the box are a Hamiltonian H and an
initial quantum state |!!.

An exhaustive set of exclusive alternatives at one mo-
ment of time t is represented1 in the Heisenberg picture
by an exhaustive set of mutually orthogonal projection
operators {P!(t)}, ! = 1, 2, · · · . An elementary example
of a set of alternative histories of the closed system is
specified by a sequence of such sets {P k

!k
(tk)} at a se-

quence of times t1, t2, · · · , tn. An individual history in
the set ! = (!1, · · · , !n) is represented by the corre-
sponding chain of projections

C! = Pn
!n

(tn) · · ·P 1
!1

(t1). (1.1)

Such chains are not generally projections themselves un-
less all of the members of the chain commute.2

Histories like ones specified by (1.1) are generally
coarse-grained because alternatives are not specified at
every time and because the alternatives at a given time
are not projections onto a complete set of states. Fine-
grained histories consist of one-dimensional projections
at each and every time.

We will take the extended probabilities p(!) for any
set of histories {C!} to be given by3

p(!) = Re"!|C!|!!. (1.2)

As we will discuss in Section III, the extended proba-
bilities defined by (1.2) satisfy all the usual probability
theory rules except positivity.

1 We are assuming some familiarity with the quantum mechanics
of closed systems. A pedagogical introduction to this subject
in the notation used here is [7]. Appendix A contains a bare
bones account of decoherent histories quantum mechanics in this
notation.

2 Realistic sets of histories will be branch dependent in the sense
that at any one time in a given history the set of projections
defining alternatives at the next time will depend on the specific
previous alternatives defining the history (e.g.[8, 9]). Yet more
generally, sets of histories can be defined by partitions of chains
like (1.1) into classes whose definition is not at a discrete series
of times (e.g [10]). To keep the exposition manageable we have
ignored such generalities and restricted attention to histories of
the the simple form (1.1). Most of the results extend straight-
forwardly to the more general cases.

3 This is the relation used by Goldstein and Page [11] to define
their linear positivity condition that restricts sets of histories to
those for which (1.2) is positive. We will rather use the relation to
assign extended probabilities to all histories, without restriction.
That di!erence should not obscure the fact that (1.2) was first
used a definition of probability by Goldstein and Page who also
discussed of some of its properties. Similar formulae have also
been discussed in [6, 12, 13].

We will take a a set of histories to be the basis of a
settleable bet if the histories are recorded in a suitably
general sense. Specifically, a set of histories is exactly
recorded if there exists a set of orthogonal projection op-
erators {R!} that are exactly correlated with the histo-
ries C! in the state |!!. The alternative R’s represent
the alternative values of the records. Exactly recorded
histories have extended probabilities (1.2) in the range
[0, 1]. The extended probabilities then obey the usual
rules of probability theory. With a strong notion of cor-
relation, an exactly recorded set of histories is an exactly
medium decoherent set of histories and vice versa.

Realistic sets of histories such as those defining the
quasiclassical realm of everyday experience (e.g. [9]) are
not exactly medium decoherent and therefore cannot be
exactly recorded. But they do satisfy these conditions to
an accuracy well beyond that which a violation could be
detected or, indeed, the physical situation modeled.

The relation (1.2) assigns extended probabilities to all
histories of a closed system. These extended probabilities
satisfy the usual rules of probability theory for (recorded)
sets of histories that are the basis of settleable bets. But
extended probabilities that are possibly negative or larger
than 1 are assigned to histories in sets that are not the
basis of settleable bets. From this perspective, quantum
theory consists of the specification of

• An extended probability distribution on the al-
lowed sets of fine-grained histories incorporating a
theory of dynamics (H) and the initial quantum
state (|!!).

• A notion of coarse-graining, most generally a par-
tition of the fine-grained histories into classes.

• A criterion for when a set of alternative coarse-
grained histories is the basis for a settleable bet.

In the author’s view there is no pressing need, either
theoretical or experimental, to reformulate the quantum
mechanics of closed systems in terms of extended proba-
bilities. However, such a reformulation has at least three
advantages that we develop in Sections VI, VII, and VIII.

Precision: The extended probabilities (1.2) obey the
sum rules of probabilty theory exactly. The inevitable
imprecision is rather all in the notion of settleable bet
and what exactly is meant by a record.

Assuming a unique fine-grained set of histories: It be-
comes possible to posit a unique set of fine grained histo-
ries together with their extended probabilities as a start-
ing point for quantum mechanics as it is in classical the-
ory. Examples are particle paths in non-relativistic quan-
tum theory, four-dimensional field configurations in the
case of quantum field theory, and four-metrics and mat-
ter fields for a quantum theory of spacetime geometry.

A starting point for generalization: Quantum theory
leads to one way of specifying an extended probability
distribution on a set of fine-grained histories of a closed
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hold negative probabilities. Ordinarily a bookie would
make money by having a better estimate of the odds than
you do. For example, if a bookie calculates probabilities
with quantum mechanics while you calculate them will
classical physics, the bookie will win in situations where
classical physics is a poor approximation. But were you
to hold negative probabilities the bookie has to know
nothing else to always win. Conversely you only need to
notice that all transfers are to the bookie to detect this
kind of unfair bet. Indeed, you don’t need the bookie at
all since from your perspective the same result could be
achieved by ripping up $100 bills.

A physical theory supplies probabilities for betting on
the regularities exhibited by our universe. Evidently
these must be fair bets! At a minimum therefore, the
probabilities supplied by physical theory must obey the
usual probability rules for bets which could be in princi-
ple be proposed and settled in the realistic universe. In
particular the probabilities of records used to settle bets
on which of a set of alternative histories occurs must obey
these rules. If these records are exactly correlated with
the histories the probabilities of the histories must obey
them too.

We next discuss extending this framework and intro-
ducing extended probabilities outside the range [0, 1] for
non-settleable alternatives. These extended probabilities
can be understood as part of instructions for betting. If
you hold such probabilities don’t bet with them! There
will be no records to settle and you risk being o!ered an
unfair wager .

III. EXTENDED PROBABILITIES IN
QUANTUM MECHANICS

This section decribes how extended probabilities can
be consistently assigned to every member of every ex-
haustive set of histories of a closed quantum mechanical
system. Then it explains how usual probabilities are re-
covered for sets histories that correspond to a natural
notion of settleable bets. The starting point is decoher-
ent histories quantum theory [3–5] which is very briefly
reviewed in Appendix A largely to introduce the notation
that is used.

To keep the discussion manageable, we consider a
closed quantum system, most generally the universe, in
the approximation that gross quantum fluctuations in the
geometry of spacetime can be neglected. The closed sys-
tem can then be thought of as a large (say>! 20,000 Mpc),
perhaps expanding box of particles and fields in a fixed
background spacetime. Everything is contained within
the box, in particular galaxies, planets, observers and
observed, measured subsystems, and any apparatus that
measures them. This is a model of the most general phys-
ical context for prediction.

The fixed background spacetime means that the no-
tions of time are fixed and that the usual apparatus of
Hilbert space, states, and operators can be employed in

a quantum description of the system. The essential theo-
retical inputs to the process of prediction are the Hamil-
tonian H governing evolution and the initial quantum
state. We assume this is a pure state |"".

The discussion in this section is idealized in certain
respects for instance by assuming the exact decoherence
of sets of histories defining settleable bets. We return
to the inevitable approximations associated with more
realistic situations in the next section.

A. Extended Probabilities for Histories

Consider an exhaustive set of mutually exclusive his-
tories {!}. The two histories of an electron in the two-
slit experiment illustrated in Figure 1 are an example.
A time sequence of alternative coarse-grained positions
describing the various orbits that the center of mass of
the Earth might take in its progress around the Sun is
another. Each history in such a set is represented by a
class operator C!. For sets of histories defined by sets
of alternatives at a series of times these will be strings
of projections2 as in (1.1). As is immediate in that case
[cf. (A.1)], the class operators of an exhaustive set sum
to unity

!

!
C! = I , (exhaustive). (3.1)

We begin with the expression [cf. (A.6)] for the prob-
abilities p(!) of an exactly decoherent9 set of alternative
histories {C!}:

p(!) # ||C!|""||2 = $"|C†
!C!|"" . (3.2)

Exact decoherence means that the interference between
the branch state vectors corresponding to di!erent
coarse-grained histories vanishes [cf.(A.7)]

$"|C†
"C!|"" = 0, ! %= ". (3.3)

This is a su#cient condition for the probabilities defined
by (3.2) to obey all the usual rules of probability theory.
In particular all the probabilities are manifestly positive.

The probabilities for decoherent histories (3.2) can be
rewritten using (3.1) and (3.3) as

p(!) =
!

"

$"|C†
"C!|"" (3.4)

since the terms with " %= ! are all zero. Eq. (3.1) then
yields the following alternative expression for the proba-
bilities of histories in an exactly decohering set:

p(!) = $"|C!|"", (decohering histories) . (3.5)

9 Whenever ‘decoherent’ or ‘decoherence’ appears without defining
qualification as here we mean medium decoherence as defined by
(3.3).
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9 Whenever ‘decoherent’ or ‘decoherence’ appears without defining
qualification as here we mean medium decoherence as defined by
(3.3).

But what if decoherence is not exact?



State is ontic

Probability arises from
“branch location uncertainty”

Carroll & Sebens, Vaidman, ... :

We can change to a new environment basis {|�ωµ�}, defined by

|ω1� = |�ω1�

|ω2� =
1√
2
|�ω2�+

1√
2
|�ω3�

|ω3� =
1√
2
|�ω2� −

1√
2
|�ω3�

|ωµ� = |�ωµ�, µ > 3. (34)

Then our state is
|Ψ� = |O�|↑�|�ω1�+ |O�|↓�|�ω2�+ |O�|↓�|�ω3�. (35)

This reduces the problem of two branches with unequal amplitudes to that of three branches
with equal amplitudes.

Following our previous logic, we construct a new orthonormal environment basis involving
both a coin and a playing card, the latter of which has basis vectors {|♥�, |♦�, |♠�, |♣�}. In
terms of these we write a third set of environment basis vectors {|ω̃µ�} as:

|ω̃1� = |H� ⊗ |♥� ⊗ |Ω�, (36)

|ω̃2� = |T � ⊗ |♥� ⊗ |Ω� (37)

|ω̃3� = |H� ⊗ |♦� ⊗ |Ω�, (38)

|ω̃4� = |T � ⊗ |♦� ⊗ |Ω� (39)

|ω̃5� = |H� ⊗ |♣� ⊗ |Ω� (40)

. . . (41)

Again we construct environment unitaries

U (1)
E =

�

µ

|ω̃µ���ωµ|, (42)

U (2)
E = |ω̃4���ω1|+ |ω̃1���ω2|+ |ω̃5���ω3|+ |ω̃2���ω4|+ |ω̃3���ω5|+

�

µ>5

|ω̃µ���ωµ|. (43)

Acting on our state (35) we get

|Ψ1� = |O�|↑�|H�|♥�|Ω�+ |O�|↓�|T �|♥�|Ω�+ |O�|↓�|H�|♦�|Ω� (44)

and
|Ψ2� = |O�|↑�|T �|♦�|Ω�+ |O�|↓�|H�|♥�|Ω�+ |O�|↓�|H�|♣�|Ω� (45)

From the form of |Ψ2�, in particular the first term in the superposition, it is easy to see that

P (↑ |Ψ2) = P (T |Ψ2) = P (♦|Ψ2). (46)
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Figure 1: A schematic representation of the setup behind our derivation of the Born Rule.
The states |Ψ1� and |Ψ2� are on the left and right, respectively. Factors denote the observer,
the spin, the coin, and the rest of the environment. Thin diagonal lines connecting the
spin and coin represent entanglement within different branches of the wave function. The
horizontal/vertical boxes made from dotted/dashed lines show two different ways of carving
out the “Observer+System” subsystem from the “Environment.” The ESP implies that the
probability of the system being in a particular state is independent of the state of the
environment. Applying that rule to both the spin and coin systems implies the Born Rule
as the uniquely rational way of assigning credences

Comparing with (27) we immediately get

P (↑|Ψ1) = P (↓|Ψ2), (31)

and comparing that with (24) and (25) reveals

P (↑|Ψ) = P (↓|Ψ) = 1/2. (32)

This is, of course, the result we expect from the Born Rule: when the components of the
wave function have equal amplitudes, they get assigned equal probabilities. This shouldn’t be
surprising, as it is also what we would expect from naive branch-counting. However, notice
that the equality of the amplitudes was crucially important, rather than merely incidental;
had they not been equal, we would have been unable to fruitfully compare results from
different unitary transformations on the environment.

It is therefore crucial to consider branches with unequal amplitudes. Here our logic
follows that of Zurek [5]. Start with a state where one branch has an amplitude greater than
the other by a factor of

√
2:

|Ψ� = |O�|↑�|ω1�+
√
2|O�|↓�|ω2�. (33)
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ZurekApply envariance
Apply PoI 



Ontological assumption:

We can change to a new environment basis {|�ωµ�}, defined by

|ω1� = |�ω1�

|ω2� =
1√
2
|�ω2�+

1√
2
|�ω3�

|ω3� =
1√
2
|�ω2� −

1√
2
|�ω3�

|ωµ� = |�ωµ�, µ > 3. (34)

Then our state is
|Ψ� = |O�|↑�|�ω1�+ |O�|↓�|�ω2�+ |O�|↓�|�ω3�. (35)

This reduces the problem of two branches with unequal amplitudes to that of three branches
with equal amplitudes.

Following our previous logic, we construct a new orthonormal environment basis involving
both a coin and a playing card, the latter of which has basis vectors {|♥�, |♦�, |♠�, |♣�}. In
terms of these we write a third set of environment basis vectors {|ω̃µ�} as:

|ω̃1� = |H� ⊗ |♥� ⊗ |Ω�, (36)

|ω̃2� = |T � ⊗ |♥� ⊗ |Ω� (37)

|ω̃3� = |H� ⊗ |♦� ⊗ |Ω�, (38)

|ω̃4� = |T � ⊗ |♦� ⊗ |Ω� (39)

|ω̃5� = |H� ⊗ |♣� ⊗ |Ω� (40)

. . . (41)

Again we construct environment unitaries

U (1)
E =

�

µ

|ω̃µ���ωµ|, (42)

U (2)
E = |ω̃4���ω1|+ |ω̃1���ω2|+ |ω̃5���ω3|+ |ω̃2���ω4|+ |ω̃3���ω5|+

�

µ>5

|ω̃µ���ωµ|. (43)

Acting on our state (35) we get

|Ψ1� = |O�|↑�|H�|♥�|Ω�+ |O�|↓�|T �|♥�|Ω�+ |O�|↓�|H�|♦�|Ω� (44)

and
|Ψ2� = |O�|↑�|T �|♦�|Ω�+ |O�|↓�|H�|♥�|Ω�+ |O�|↓�|H�|♣�|Ω� (45)

From the form of |Ψ2�, in particular the first term in the superposition, it is easy to see that

P (↑ |Ψ2) = P (T |Ψ2) = P (♦|Ψ2). (46)
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implies 3 copies of O:
1 experiencing ↑ 
2 experiencing ↓ 

We can then apply PoI

pick some other xerographic distribution!  
or

If  this ontological assumption is true,
then it should hold to a good approximation

for slightly non-orthogonal ω’s



Conclusions:

1. Subjective Bayesianism, 
with probabilities of probabilities allowed,

               is the most general scientific framework.
and no rigid choice of priors, 

2. Quantum probabilities must fit into it.

3. Ontic states and branch uncertainty  
(Carroll & Sebens) alleviates some
puzzles of ontic (Born’s Rule) probability.






