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A tale of a single world universe

Quantum states of all macroscopic objects are
Localized Wave Packets all the time
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Almost the same asin

Textbook collapse
GRW-Pearle Collapse (mass density)

Bohmian t&ajectories

"t gptacian Determinism
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Two worlds universe
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Two worlds universe
One world does not disturb the other
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Two worlds universe
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Two worlds universe
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Two worlds universe
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Whatis “a world” in the many-worlds picture?
experience ; world ; T o
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- OBECT  jsa Localized Wave Packet
i for a period of time
| %

A world consist of:
- 1o0a8aiclassical” macroscopic objects rapidly measured by the environment, .
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Many worlds universe

Single Slit
Diffraction
Pattern

and show a
smooth curve
centered on —3
screen

Photon

Photon  Diffraction Film
Source Slit Strip
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Many worlds universe
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Test of the MWI
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The tree of worlds
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Test of the MWI
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Do we experience amplitude?

L 1 E) = L)+ o]
|lPi = 1|Td+ IilPB ? i _ A 4 B

A B Experience world B & Experienceworld B
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Do we experience amplitude?
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Probability

3
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Probability

Probability is the likelihood or chance that something ilthe case or will happen.

Wikipedia
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Probability

Probability is the likelihood or chance that something ilthe case or will happen.

Wikipedia

‘Interpreting probability’ is a commonly used but misleading name for a worthy
enterprise. The so-called ‘interpretations of probability’ would be better called

‘analyses of various concepts of probability’ SEP
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Probability

Probability is the likelihood or chance that something ilithe case or will happen.

Wikipedia

‘Interpreting probability’ isa commonly used but misleading name for a worthy
enterprise. The so-called ‘interpretations of probability’ would be better called

‘analyses of various concepts of probability’ SEP

The classical probability of an event is simply the fraction of the total number of
possibilities in which the event occurs

The Logical probability: the possibilities may be assigned unequal weights, and

probabilities can be computed whatever the evidence may be, symmetrically
balanced or not.
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Probability

Probability is the likelihood or chance that something ilithe case or will happen.

Wikipedia

‘Interpreting probability’ is a commonly used but misleading name for a worthy
enterprise. The so-called ‘interpretations of probability’ would be better called

‘analyses of various concepts of probability’ SEP

The classical probability of an event is simply the fraction of the total number of
possibilities in which the event occurs

The Logical probability: the possibilities may be assigned unequal weights, and

probabilities can be computed whatever the evidence may be, symmetrically
balanced or not.

Freguency Interpretation: the probability of an attribute Ain a finite reference class B is
the relative frequency of actual occurrences of A within B.
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Probability

Probability is the likelihood or chance that something ilthe case or will happen.

Wikipedia

‘Interpreting probability’ isa commonly used but misleading name for a worthy
enterprise. The so-called ‘interpretations of probability’ would be better called

‘analyses of various concepts of probability’ SEP

The classical probability of an event is simply the fraction of the total number of
possibilities in which the event occurs

The Logical probability: the possibilities may be assigned unequal weights, and

probabilities can be computed whatever the evidence may be, symmetrically
balanced or not.

Frequency Interpretation: the probability of an attribute Ain a finite reference class B is
the relative frequency of actual occurrences of A within B.
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Propensity Interpretation: disposition, or tendency of a given type of physical

Page 51/150



Subjective probability

degrees of confidence, or credences, or “partial” beliefs of suitable agents.
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Subjective probability

I"

degrees of confidence, or credences, or “partial” beliefs of suitable agents.

The betting interpretation, de Finetti:

Your degree of beliefin E is p iff p units of utility is the price at which you would buy
or sell a bet that pays 1 unit of utilityif £, O if not E.
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Classical Many Worlds
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Teleportation

3
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Teleportation

3
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Classical teleportation

s
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Classical teleportation

3

Pirsa: 10030024  Page 58/150



W

Pirsa: 10030024 Page 59/150



Pirsa: 10030024 Page 60/150


















—
r

(="

Pirsa: 10030024 Page 66/150



Pirsa: 10030024 Page 67/150






irsa: 10030024 1

symmetry —

Page 69/150

X
:
1



Probability of something to happen— A or B?
s
A
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Probability of something to happen—A or B?
3
A

irsa: 10030024 Page 71/150



Probability of something to happen—A or B?
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Probability of something to happen—A or B?
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Probability of something to happen—-A or B?
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Probability of something to happen—A or B?

% ‘ﬁ”
‘%B
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Probability of something to happen—A or B?

Here: AandB .
There is nothing to be ignorant A
about, everything is known.

ﬁB
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Probability of something to happen— A or B?

Here: AandB X
There is nothing to be ignorant A
about, everything is known.

No ignorance, no randomness
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Probability of something to happen— A or B?

Here: AandB A
There is nothing to be ignorant A
about, everything is known.

No ignorance, no randomness

NO PROBABILITY

But a good reason to bet! i i B

The betting interpretation, de Finetti:

Your degree of belief in E is p iff p units of utility is the price at which you would buy
or sell a bet that pays 1 unit of utilityif £, 0 if not E.
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about, everything is known.
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NO PROBABILITY

But a good reason to bet! i i B

The betting interpretation, de Finetti:

Your degree of belief in E is p iff p units of utility is the price at which you would buy
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Measure of existence:  Can it be different from 0 and 1?
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Measure of existence:  Can it be different from 0 and 1?
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Measure of existence: Can it be differentfrom 0 and 17?

A O
e

raAiinnetti readiness to bet is proportional to the measure of existence Page 83/150



Probability Problems of the MWI of QM

R

Pirsa: 10030024



Probability Problems of the MWI of QM

Probability given by the number of worlds yields wrgng predictions
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Probability Problems of the MWI of QM

Probability given by the number of worlds yields wrc[?ng predictions

Q‘:’t':.:fm Numbers of worlds
probability  oropabiity
0.9 0.5
-
single 0.1 0.5
photon -

) =09 ['¥,)+J0.1| ¥,
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Probability Problems
%

It seems that it is good to play Russian quantum roulette.
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Probability Problems
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It seems that it is good to play Russian quantum roulette.
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The Probability Problem

Inthe MWI there is no meaning for probability &
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The Probability Problem

Inthe MWI there is no meaning for probability s
’ A 0.9

There is no randomness and no ignorance

Probability of what? - >~
‘ B 0.1

Probability of something to happen—A or B? In MWI- A and B

There is nothing to be ignorant about, everything, | '¥(¥)), is known.
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The probability Problem

Inthe MWI there is no meaning for probability R

’AO.Q

There is no randomness and no ignorance

Probability of what? r -
‘ g 0.1

Probability of something to happen—A or B? In MWI- A and B

Thereis nothingto be ignorant about, everything, | ¥(¥)), is known.

Textbook collapse, GRW —randomness probability
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Add an Observer

%

Schrodinger:
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Collapse

P A "

Random event: B and not A
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Add an Observer

s

Schrodinger:
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Collapse

P A 3

Random event: B and not A
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Bohmian Mechanics

lgnorance probability: the observer does not know the initial Bohmian
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Many Worlds (Schrodinger):
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Probability of what?
lgnorant of what?
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MWI: Give up probability

3
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MWI: Give up probability

A
Probability postulate is replaced by

Behavior Principle:
We should care about all our successive worlds

in proportion to their measures of existence.

Measure of existence of world £ = | {Wiamzese | ogsos) =l @ [
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MWI: Give up probability

%
Probability postulate is replaced by

Behavior Principle:
We should care about all our successive worlds

in proportion to their measures of existence.

Measure of existence of world i: 4 =| <me:gggg |qjmqmj> e, f
Behavior Principle —

’A 0.9
Ishouldbet1:9 Get1lifA, pay9ifB .
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MW!I: Give up probability

%
Probability postulate is replaced by

Behavior Principle:
We should care about all our successive worlds

in proportion to their measures of existence.

Measure of existence of world i: & =| <LPWR§E |quogm;> e,

Behavior Principle —
’ A 09
Ishouldbet1:9 Get1lifA, pay9ifB Lol
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| should not play Russian gquantum roulette s i
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MW!I: Give up probability

%
Probability postulate is replaced by

Behavior Principle:
We should care about all our successive worlds

in proportion to their measures of existence.

Measure of existence of world i: 4 =| <mem |LPWORLD;> e, f

Behavior Principle —
’ A 0.9
Ishouldbet1:9 Get1lifA, pay9ifB Lt
— =
| should not play Russian guantum roulette T ™
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| should bet as if | have a concept of probability because my
decedants have ignorance probability meaning

s
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| should bet as if | have a concept of probability because my
decedants have ignorance probability meaning

A
2 . s
M4 =a | asanignorance probability measure
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- - e
» T ™
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-~ e
I“"l--l-
0 &,
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Sleeping Pill Experiment

Vaidman (1998) ISPS
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lgnorance probability of the descendants A and B
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What is the probability
p— thatyou are in A?

0.9 :;-3_ coseaioy s | A
2t .
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What is the probability

\—/"\ thatyou are in A?

What is the probability

- thatyou are in A?
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(09 R
- " . What s the probability
\—’f’\ |/ thatyou arein A?
'o:; ...... . ..‘. oo, | 4
. A| i 5| |
.9 A AR
- T £
B \ 09 ) | .
0.1 A\ - - | Whatis the probability
B - \—’f\ | / thatyou arein A?
'a.:i ...... = .: ':..... ,_,./—1
B e st v |
;.'

Only IAand Iﬁan give this answer
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What is the probability

& N
\—’7'\ '/ thatyou are in A?

What is the probability

B v\ |/ thatyouarein A?

Since all the descendants yield the same answer we can relate it to me before

the experiment. | put my bet for the descendants. They have probability. Thus, my bet is
for a probabilistic event. This is the ignorance probability meaning of the measure of
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Is there a physical meaning of # =|«, [6f a present world?
s
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What is the probability

) B |/ thatyouarein A?
|
|

3::,_.....":;. - |2
0.9 A -.'-:." ..... fd':- 3 —"1
® A £ N
-~ ““{-‘ /'__\\,:ﬁ
- = What is the probabili
. atis the probability
B \—"\ |/ thatyouarein A?
s umnEs ~, g% |/
= st - .n"-' = |

Since all the descendants yield the same answer we can relate it to me before

the experiment. | put my bet for the descendants. They have probability. Thus, my bet is
for a probabilistic event. This is the ignorance probability meaning of the measure of
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s there a physical meaning of # =|«, bf a present world?
s
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Is there a physical meaning of 4 =|«, 6f a present world?

A
. - " - o z
We put “intelligent bet” according to & =| @, |"of future worlds
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Is there a physical meaning of # =|«, 6f a present world?

A
. - " - — 2
We put “intelligent bet” according to 4 = (24 I of future worlds

Should 7, behave differently than 7 because £, =92

s

0.9 . -?.'.-

) 9 A 2 =
0’ Y

‘ B oo
0.1 -E..:.'

E2

1

L
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Is there a physical meaning of « = « pf a present world?
X

“of future worlds

We put “intelligent bet” accordingto 1L =| &,

Should / ,behave differently than [ _becauseut, =9 u?

539
0.9 § =
."" A -
o Y
O B
0.1
/
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Is there a physical meaning of # =|«, 6f a present world?

A
. - " - — z
We put “intelligent bet” according to 4 =] 24 ‘ of future worlds

Should 7, behave differently than 7 because £, =97

=

0.9 n: -;'.'.o

N .J’ A L
0’ Y,

. B o
0.1 -E..r.'

o

1

L
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Is there a physical meaning of u = « pf a present world?
s

“of future worlds

We put “intelligent bet” accordingto 1L =| &,

Should / behave differently than [ _because s, =9 u?

o f
0.9 § =
9A 2
0 Y
. B
0.1
/
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3

| am from another galaxy. Our
technology is 10 million years ahead.
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s

| am from another galaxy. Our
technology is 10 million years ahead.

| like betting. Would you like to bet?
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Areyoureadyto bet 1:1? Get
1ifA, pay 1ifB
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Areyoureadyto bet 1:17? Get
1ifA, pay 1if B

I, should say no! The creature can always win.
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Areyoureadyto bet 1:1? Get
1ifA pay 1if B

I, should say no! The creature can always win.

msooed , Should say yes! | will have at least 6.4 :3.6 odds to win. Page 1251150



| can do to the neutron what the creature can do to me
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| can do to the neutron what the creature can do to me

Neutron interferometer
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| can do to neutron what the creature can do to me

Neutron interferometer
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MWI+Decisison Theory =2 V= ‘ 24 ‘2
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There is no “real” probability in the MWI :

Probability of an event is replaced by measure of existence of the world
with this event and probability postulate is replaced by “behavior
principle”

Measure of existence of future worlds can be given a meaning as an
ignorance probability of the descendents of the observer.

Measure of existence of a present world has a physical meaning as a measure of
ability to interfere with parallel worlds
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Sleeping Beauty Controversy
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Sleeping Beauty Controversy
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Sleeping Beauty Quantumland

s

Beaty, what is your credence for Tails? MWI: 1/3

Measure of existence of each
world =%

Tuesday

b QuantumFaircoin’z: %2



Interaction-free measurement
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A. Elitzur and L. Vaidman
Found. Phys. 23,987 (1993).

BOMB:

e

explodes when any particle “touches” it

interacts only through explosion
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Interaction-free measurement
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Interaction-free measurement
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Interaction-free measurement
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The Many-Worlds Interpretation is an approach
to quantum mechanics accordi[?wg to which, in
addition to the world we are aware of directly,
there are many other similar worlds which exist
in parallel at the same space and time. The
existence of the other worlds makes it possible
to remove randomness and action at a distance
from quantum theory and thus from all physics.
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