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Abstract: Bell\\\'s theorem is commonly understood to show that EPR correlations are not explainable viaalocal hidden variable theory.

But Bell\\\'s theorem assumes that the initial state of the particles is independent of the final detector settings. It has been proposed that this
independence assumption might be undermined by a relativistically-allowed form of \\\"backward causation\\\", thereby allowing construction of a
local hidden-variable model after al. In this talk, | will show that there is no backward causation model which yields the desired correlations.

However, there are other physical scenarios yielding nontrivial nonlocal correlations which violated Bell\\\'s independence assumption. | will
present two.

Pirsa: 08010011 Page 1/81



alk. pdf - Adobe Reader
Edit ‘“iews Document Tooks ‘Window Help

?i*i$2I4l=f-f'.13?‘%v ﬁt&i . =

Bookmarks =

ﬂ Options: =

E e ey

k] EPR

Ei Felativity

E[ Backwsard causation

'F : - .

E et @ Bell's theorem is commonly understood to show that EPR correlations
Conclusion - - . .

B are not explainable via a local hidden variable theory.

Overview

Backward Causation Models for EPR

Pirsa: 08010011




alk. pdf - Adobe Reader

Dptions: ~

S Overview
& EPR
E Relativity
['_'_{ Backward causation

S - ; - -
e @ Bell's theorem is commonly understood to show that EPR correlations

are not explainable via a local hidden variable theory.

E Conclusion
& Appendix

Baclkward Causation Models for EPR January 15, 2008

Pirsa: 08010011




alk. pdf - Adobe Reader

Edit “iews Document Tooks ‘Window Help

?ivﬁﬁiml.&f-'lawﬂv lﬁ&i =

Bookmarks x

H Options. ~
& Overiew Overview
% EPR
¥ Relativity

['__l Backward causation

El Nonlocal constraints @ Bell's theorem is commonly understood to show that EPR correlations

[Ei Conclusion . . . .
A are not explainable via a local hidden variable theory.

© But Bell's theorem assumes that the initial state of the particles is

independent of the final detector settings.

Backward Causaton Models for EPR January 15, 2008

Pirsa: 08010011




alk. pdf - Adobe Reader

Edit ‘“iew Document Tools ‘Window Help

5 ijv &P+ in &®[17™ - d - o

Bookmarks

=
5 thaceon Overview
& EPR
[Ei Helatmity

1I__[ Backwsard causation
El Nenlocal constraints @ Bell's theorem is commonly understood to show that EPR correlations

E Conclusion . 1 . -
B e are not explainable via a local hidden variable theory.

@ But Bell's theorem assumes that the initial state of the particles is
independent of the final detector settings.

QIIt has been proposed that this independence assumption might be
undermined by “backward causation”, thereby allowing construction

of a local hidden-variable model after all

Backward Causavon Models for EPR January 15, 2008

Pirsa: 08010011




alk. pdf - Adobe Reader
Edit ‘Yiews Document Tooks ‘Window Help

5 E‘J- *%E,fﬂtlff # 137 - = Gi =

Bookmarks

8
B Oresview Overview
E EPR
E Relativity
E[ Backwsard causation

El Nonlocal constraints @ Bell's theorem is commonly understood to show that EPR correlations

[5 Conclusion . . . -
B Fopenk are not explainable via a local hidden variable theory.

@ But Bell's theorem assumes that the initial state of the particles is
independent of the final detector settings.

QIIt has been proposed that this independence assumption might be
undermined by “backward causation”, thereby allowing construction
of a local hidden-variable model after all.

Q In this talk, I'll show that there is no backward causation model which
yields the desired correlations.

Backward Causauon Models for EPR January 15, 2008

Pirsa: 08010011




alk. pdf - Adobe Reader

Edit Yiew Document Tools Window Help

5 é‘f SElclia @[] o Ed -

Bookmarks
=
B i Overview
& EPR
E‘l Felatmity
1I__[ Backwsard causation

'F & - N
E i e © Bell's theorem i1s commonly understood to show that EPR correlations
| Conclusion

B fopeon are not explainable via a local hidden variable theory.

@ But Bell's theorem assumes that the initial state of the particles is
independent of the final detector settings.

QIIt has been proposed that this independence assumption might be
undermined by “backward causation”, thereby allowing construction
of a local hidden-variable model after all.

Q In this talk, I'll show that there is no backward causation model which

yields the desired correlations.

©@ However, there are other physical scenarios vielding nontrivial
nonlocal correlations which violated Bell's independence assumption.
| will present two.

Backward Causation Models for EPR

Pirsa: 08010011




alk. pdf - Adobe Reader

Edit ‘“iews Document Tooks ‘Window Help
s §- e» n eon SEJI :

Bookmarks =

i Options: ~

[5 e ey
E EPR

® Relativity
E] Backward causation D."_ and DE are
['_'_[ Monlocal constraints

®] Conclusion R ;
E Appendis color indicating

detectors, the

their onientation.
[ and R are
particles, the color
indicating their
properties, which
in conjunction
with the detector
settings determine
the outcomes,
indicated by the

gray and black

boxes.

Backward Causaton Models for EPR January 15, 2008

Pirsa: 08010011




alk. pdf - Adobe Reader

Edit ‘“iews Document Tooks ‘Window Help
p_ £'¢$5I41:E'f-:13?ﬂfov = &i =
Bookmarks
8
B Overview
& EPR
& Relativity
1I__i Backwsard causation

E Naonlocal censtraints @ Bell's theorem is commonly understood to show that EPR correlations
| Conclusion

3] Appendix

are not explainable via a local hidden variable theory.

@ But Bell's theorem assumes that the initial state of the particles is
independent of the final detector settings.

QIIt has been proposed that this independence assumption might be
undermined by “backward causation”, thereby allowing construction
of a local hidden-variable model after all.

Q In this talk, I'll show that there is no backward causation model which
vields the desired correlations.

© However, there are other physical scenarios yvielding nontrivial

nonlocal correlations which violated Bell's independence assumption.
| will present two.

Backward Causaton Models for EPR January 15, 2008

Pirsa: 08010011




alk. pdf - Adobe Reader
Edit Yiew Document Tools ‘Window Help

¥ E_-" &9 lin ®&® ] =ik B

Bookmarks

ﬂ. Dptions: -
[Ei Chwe i ey
B EPR
E] Relativity
L3 ;
[£| Backward causation DL and DE b s

E SE:SZ::;;MWME detectors, the

B Aupensa color indicating
their orientation.

[ and R are

particles, the color

indicating their

properties, which

in conjunction
with the detector
settings determine
the outcomes,
indicated by the
gray and black

boxes.

Backward Causavon Models for EPR January 15, 2008

Pirsa: 08010011




alk. pdf - Adobe Reader

Edit ‘Yiews Document Tooks ‘Window Help

?iv\ﬁ@le:f-@'mmv ﬁ&i =

Bookmarks =

ﬂ Dptions: =

E cnaven Bell's theorem

& EPR

E[ FHelatmity

%] Backward causation @ Said to rule out “local” hidden variables.
[5 Monlocal constraints

[E[ Conclusion

3] Appendix

Backward Causaton Models for EPR January 15, 2008

Pirsa: 08010011




alk. pdf - Adobe Reader

4
L cherin Bell's theorem
& EPr
E Relatmity
%] Backward causation @ Said to rule out “local” hidden variables.

E Monlocal ' -
E Cz:;zzmc:nsmmts @ Involves the assumption that the state A = (L(0), R(0)) of the

K] Appendix particles is uncorrelated with the detector settings, in that it assumes
that

E(a, b) — E(a, V) = /p{ﬂ){A(a, A)B(b,A) — A(a,A)B(H,A)}dA,

where a and & are possible orientations of detector D;, b and b’ are
possible orientations of detector Dg, and A(a, ;’L) and B(b, .-1) are the
expectation values for measurements of a and b, respectively, in state

A.

Backward Causavon Models for EPR January 15, 2008

Pirsa: 08010011




alk. pdf - Adobe Reader

Edit ‘Yiews Document Tooks ‘Window Help
5 ijv & (i & ® 57 - o d #
Bookmarks
&
B tiaiin Bell's theorem
E EPR
& Relativity
%] Backward causation @ Said to rule out “local” hidden variables.

| Nonlocal i -
E Cz:;zzi;ﬂnsm'nts @ Involves the assumption that the state A = (L(0), R(0)} of the
E] Appendix particles is uncorrelated with the detector settings, in that it assumes

that
E(a,b) — E(a,b') = /p(ﬁ){A(a, A)B(b,A) — A(a,A)B(b',A)}dA,
where a and & are possible orientations of detector D;, b and b’ are
possible orientations of detector Dg, and A(a, ,l) and B(b, PL) are the
expectation values for measurements of a and b, respectively, in state
A.

e If p(A) =1(Dy,Dg), then eg p_,(A) need not be equal to p_,,(7),

S0

E(a, b)—E(a,b') = /{pab(i)A(af A)B(b,A)—p,. (A)A(a,A)B(H, A

Backward Causavon Models for EPR January 15, 2008

Pirsa: 08010011




alk. pdf - Adobe Reader

Edit Yiews Document Tooks ‘Window Help

% ;}- & 9 [ujia

Bookmarks k.4

= | Options ~
[5 ey ey
%] EPR
E‘l Relativity
H Backward causation
[5 Monlocal constraints

[5 Conclusion
3] Appendix

Pirsa: 08010011

XN &i

Backward loophole?

@ It has periodically been argued (Costa de Beauregard; Cramer; Price)
that relativity does not require this, since the detectors are causally

connectible (lightlike or timelike) to the emission of the particles.

X

Backward Causation Models for EPR

January 15, 2008




alk. pdf - Adobe Reader
Edit Yiews Document Tooks ‘Window Help

b i* *ﬁz.‘lﬂuft_' ® 1w - Eti =

Bookmarks =

ﬂ Options: =
El Oveniew Backward loophole?

& EPR
El Relativity

['_'_{ Backwsard causation

® Monlocal constraints _ ) _
& Conclusion @ It has periodically been argued (Costa de Beauregard; Cramer; Price)

El Appendix that relativity does not require this, since the detectors are causally
connectible (lightlike or timelike) to the emission of the particles.
cIPerhaps there is a kind of "backward causation” which gives rise to

correlations.

Badkoward Causation Models for EPR January 15, 2008

Pirsa: 08010011




alk. pdf - Adobe Reader

Edit Yiew Document Tools ‘Window Help
?i-i%ifﬂzflf.la?‘%vlﬁﬁ -

Bookmarks

E
K Ovenvew Backward loophole?
& EPR
3] Relatmity

['_._l Backwsard causation

[E[ Monlocal constraints _ ) )
® Conclusion @ It has periodically been argued (Costa de Beauregard; Cramer; Price)

El Appendix that relativity does not require this, since the detectors are causally
connectible (lightlike or timelike) to the emission of the particles.

cIPerhaps there i1s a kind of “backward causation” which gives rise to
correlations.

@ | will show that backward causation models are not backward models

at all, but rather models which postulate nonlocal constraints on data
at a given time. T hese are sometimes misleadingly referred to as
“conspiracy’ theories.

Backward Causation Models for EPR January 15, 2008

Pirsa: 08010011




alk. pdf - Adobe Reader
Edit Yiews Document Tooks ‘Window Help

3 ;:' & 9 [ujia 8 ® 13- Ei -
Bookmarks
= |
K] Overview Backward loophole?
*] EPR

& Relativity
I|_'_l Backwsard causation

[5 Monlocal constraints _ ) _
® Conclusion @ It has periodically been argued (Costa de Beauregard; Cramer; Price)

Bl Appendix that relativity does not require this, since the detectors are causally
connectible (lightlike or timelike) to the emission of the particles.

uIPerhapS there is a kind of “backward causation” which gives rise to
correlations.

@ | will show that backward causation models are not backward models
at all, but rather models which postulate nonlocal constraints on data
at a given time. T hese are sometimes misleadingly referred to as
“conspiracy’ theories.

@ | will conclude by showing two ways in which such nonlocal
constraints naturally arise.

Backward Causaton Models for EPR January 15, 2008

Pirsa: 08010011




Bookmarks

L ﬂ Options: ~

[E[ eyl ey

k] EPR

[El Helatiity

['_-_l Backwsard causation

['_'_l Morlocal constraints
% Conclusion Costa de Beauregard; Cramer; Price)

& Appendix e detectors are causally

ission of the particles.

Updating your computer is almast complete. You must restart your computer for . o i : =
the updates to take sffect. tion” which gives rise to

%mwﬂtmmstatmmpmer ioA?

Restarttion | [Restrtiotr | | o ot backward models

at all, but rather models which postulate nonlocal constraints on data
at a given time. T hese are sometimes misleadingly referred to as
“conspiracy’ theories.

@ | will conclude by showing two ways in which such nonlocal
constraints naturally arise.

Backward Causation Models for EPR January 15, 2008

Pirsa: 08010011




alk. pdf - Adobe Reader

Edit ‘“iews Document Tooks ‘Window Help

8 A @9 [vlia @@ - o BT 2

Bookmarks
4
Kl Overvew Backward loophole?
& EPR
[Ei Felativity
['__l Backwsard causation

[5 Monlocal constraints _ ) _
® Conclusion It has periodically been argued (Costa de Beauregard; Cramer; Price)

El Appendix that relativity does not require this, since the detectors are causally
connectible (lightlike or timelike) to the emission of the particles.

Perhaps there is a kind of "backward causation” which gives rise to
correlations.

| will show that backward causation rrlodels are not backward models
at all, but rather models which postulate nonlocal constraints on data
at a given time. T hese are sometimes misleadingly referred to as
“conspiracy’ theories.

| will conclude by showing two ways in which such nonlocal
constraints naturally arise.

Backward Causation Models for EPR January 15, 2008

Pirsa: 08010011




alk. pdf - Adobe Reader

Edit Yiew Document Tools ‘Window Help
3 i' @& 9 slivn 8 ® 137 - o f.d - =

Bookmarks =

ﬂ Options: ~
K Overiew Relativity
] EPR
B Relativity

I|_'_{ Backwsard causation

[5 Monlocal constraints
Ei Conclusion
3] Appendix

@ Relativistic theories are characterized by compact “domains of
dependence” and “domains of influenge”.

Backward Causation Models for EPR January 15, 2008

Pirsa: 08010011




alk. pdf - Adobe Reader

Bookmarks

ﬂ Options: ~

Relativity

*] EPR

[El Relatiity

['_-_l Backward causation

& Nonlocal constraints @ Domain of dependence:
E Conclusion

] Appendix

Backmard Causavon Models for EPR

Pirsa: 08010011




alk. pdf - Adobe Reader

Edit ‘Yiews Document Tools ‘Window Help
% E_-" SEpivia &®[Fe]- o ﬂ -

Bookmarks x

ﬂ Options: -
K Overview Relativity
*] EPR
®] Relativity
['_'_l Backward causation

El Monlocal constraints @ Domain of influence
[Ei Conclusion

3] Appendix

SW (Insutute Backward Causaton Models for EPR January 15, 2008

Pirsa: 08010011




alk. pdf - Adobe Reader

Edit ‘Yiews Document Tooks ‘Window Help
] i}- @ Plsia B @[] o Ei -

Bookmarks x

ﬂ Options: ~
K Overview Relativity
® EPR
® Relativity
[l__l Backward causation

El Monlacal constraints @ Domain of dependence:
['_'_[ Conclusion

3] Appendix

Backward Causation Models for EPR

Pirsa: 08010011




alk. pdf - Adobe Reader

Edit ‘“iews Document Tools ‘Window Help
d §- €9 (slie @@ g Bf -

Bookmarks x

i Dptions: =
[5 e il 2y
& EPR
E] Relativity

.E[ Backwsard causation

[5 Monlocal constraints
[5 Conclusion
E Appendix

@ The idea is that the initial state A = (L(0), R(0)) is correlated with
the final detector setting, as a consequence of a “causal influence”
from the future.

Instrtute Backward Causavon Models for EPR January 15, 2008

Pirsa: 08010011




alk. pdf - Adobe Reader

Edit ‘Yiew Document Tools ‘Window Help

i - @ P[7n

Bookmarks =

= Options ~
E e ey
®l EPR
E‘l Felatmity
['__[ Backwsard causation
[E[ Morlocal constraints
['_'_[ Conclusion
3] Appendix

Pirsa: 08010011

o ® 7= o Ed

Relativity

@ Domain of influence

Backward Causaton Models for EPR

January 15, M




alk. pdf - Adobe Reader
Edit Wiews Document Tools ‘Window Help

3 - e e o K3

Bookmarks =

ﬂ Options ~
[5 BT =
k] EPR
& Relativity
® Backward causation
® Monlocal constraints
® Conclusion
1I_'_i Appendix

Backward causation |

@ The idea is that the initial state A = (L(0), R(0)) is correlated with
the final detector setting, as a consequence of a “causal influence”

from the future.

Backward Causaton Models for EPR January 15, 2008

Pirsa: 08010011




alk. pdf - Adobe Reader

Edit ‘“iew Document Tools ‘Window Help

3 & @ 9 [nlia

Bookmarks =

ﬂ Options: =

['_'_'l e il vy

k] EPR

El Relativity

& Backward causation
E Monlocal constraints
® Conclusion

E Appendix

Pirsa: 08010011

& ® 13 |-

@ [he detectors may have different settings at different points in the

forward lightcone.

relevant setting is the one at the time of detection (# = 1 above).

SW

- W

Instrtute

We will ignore this and grant that somehow the

Backward Causation Models for EPR

January 15, 2008

10 / 10




alk. pdf - Adobe Reader
Edit ‘Yiew Document Tools ‘Window Help

% é_ﬂ & 9 3ia 8 # 137 - = E& =

=

ﬂ Options: ~
Backward causation

Ei Felativity

¥ Backward causation
E Monlocal constraints
E Conclusion

3] Appendix

@ The idea is that the initial state A = (L(0), R(0)) is correlated with
the final detector setting, as a consequence of a “causal influence”

from the future.

Backward Causavon Models for EPR January 15, 2008

Pirsa: 08010011




alk. pdf - Adobe Reader

Edit ‘Yiews Document Tooks ‘Window Help

% i_-"' & 9 (v

Bookmarks x

-3 Options -
[5 (=S
=z
E‘l Felatmity
['_-_[ Backwsard causation
[5 Monlocal constraints

[E[ Conclusion
3] Appendix

Pirsa: 08010011

@ 13 |- = Eti \ -

@ [he detectors may have different settings at different points in the
forward lightcone. We will ignore this and grant that somehow the
relevant setting is the one at the time of detection (¢ = 1 above).

Backward Causation Models for EPR

January 15, 2008

10 /1




alk. pdf - Adobe Reader

Edit Yiews Document Tooks ‘Window Help

} &- @€ 9[=1e
Bookmarks x

“ Options =

['_'_[ Che vy

k] EPR

& Relativity

% Backward causation
[5 Monlocal constraints
E Conclusion

E‘l Appendix

Pirsa: 08010011

& ® |17 |- = Gj» =

Backward Causation ||

/

v/

@ In a relativistic theory, we can expect that

(De(1), L(1), Dr(1). R(1)) — (L(0). R(0)).

Backward Causation Models for EPR

January 15, 2008




alk. pdf - Adobe Reader

Edit “iews Document Tools ‘Window Help

Bookmarks

ﬂ Options: =

E ey ey

%] EPR

E Felatmity

1|_-_{ Backward causation
[E Monlocal constraints
II__i Conclusion

3] Appendix

Pirsa: 08010011

& ® 13 |-

Backward Causation

@ In a relativistic theory, we can expect that
(De(1), L(1), D(1), R(1)) — (L(0), R(0))

@ [his is a kind of backward causation, but not one which will do the
job.

B

=

C

joward Causation Models for EPR

January 15, 2008




alk. pdf - Adobe Reader

Edit ‘Yiews Document Tooks ‘Window Help

i & @ 9zl
Bookmarks x

ﬂ Options: ~

[E'l (=N =

k] EPR

E Felatiity

['__[ Backwsard causation
[E{ Monlocal constraints
['_'_i Conclusion

3] Appendix

Pirsa: 08010011

E ‘*:I 13?0."'0 - I?ﬂ ﬂ

Backward Causation ||

@ Proponents of backward causation want final detector states
(Dy(1), Dg(1)) to be correlated with initial particle states

(L(0), R(0))

Backward Causation Models for EPR

January 15, 2008




4 ijv & 9lziva & @®[i57% - o EH =
Bookmarks

l ﬂ Options: ~

| EPE
Felatiity
Backwsard causation
| Monlocal constraints
Conclusion
Appendix
* Automatic Updates

Jpdaking wour compuier is almost complete. You muust reskart vour computer For
the updates to kake effect.

Do wou wank bo restart wour computer row?

| Restart ow | [Restaqﬁl

Baclkmard Causaton Models for EPR

Pirsa: 08010011




alk. pdf - Adobe Reader

Edit “iews Document Tooks ‘Window Help
?iv*@i!4lfff~.13?‘%v = ':d -

Bookmarks x

ﬂ Options: -
& Overview Backward Causation ||
% EPR
® Relativity

['__{ Backward causation

[5 Monlocal constraints . -
e @ Proponents of backward causation want final detector states

B ropenin {Dy(1), Dg(1)) to be correlated with initial particle states
(L(0). R(0))

@ [his could mean one of two things:

Backward Causauon Models for EPR January 15, 2008

Pirsa: 08010011




alk. pdf - Adobe Reader
Edit ‘“iews Document Tooks ‘Window Help

= E_,-v & 9 [2ia & @[3 iﬂ : B

Bookmarks =

ﬂ Options: ~
E] Overview Backward Causation ||
& EPR
3] Relativity
[l__i Backwsard causation

[5 Monlocal constraints z E
5 Conclucion @ Proponents of backward causation want final detector states

El Appendix (Dy(1), Dg(1)) to be correlated with initial particle states
(L(0). R(0))
@ [his could mean one of two things:

e Holding the final particle states fixed and changing the detector

settings sometimes vields different irlitial particle states. Control of the
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demand that the final state is determined by the initial state makes this
impossible to satisfy.
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@ Proponents of backward causation want final detector states

{Dy(1), Dg(1)) to be correlated with initial particle states
(L(0), R(0))

@ [his could mean one of two things:

e Holding the final particle states fixed and changing the detector

settings sometimes vields different irlitial particle states. Control of the
detectors implies some control over the initial state. But the (tacit)
demand that the final state is determined by the initial state makes this
impossible to satisfy.

The final detector states are correlated with the final particle states,
and consequently with the initial particle states. Different final

detector settings are inevitably correlated with different final particle
states. There is no causation here, however.
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@ Proposals that “backward causation” might give a local explanation
for EPR correlations therefore amount to proposals that there are
correlations amongst the data at any given time which are non-causal
in nature.

Objection: What about the possibility that the detectors emit

particles “into the past”’, the particle properties thereby depending on
their orientation?

Reply: This suggests a correlation between Dy (1) and L(1)/L(0), and
Dg(1) and R(1)/R(0), violating the independence assumption, albeit
in a seemingly plausible way.. However, in order to reproduce the

observed quantum statistics, one needs correlations between L(1) and
R(1) as well.
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Dg(1) and R(1)/R(0), violating the independence assumption, albeit
in a seemingly plausible way.. However, in order to reproduce the
observed quantum statistics, one needs correlations between [(1) and
R(1) as well.

Thus a hidden-variable theory which is to account for the perfect
(anti)correlations when both detectors have the same setting will be
one in which Dy (1) is correlated with both [(1) and R(1). Since

Dgr(1) is similarly correlated (by hypothesis), our theory will be such
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the final detector setting, as a consequence of a “causal influence”
from the future.

Backward Causauon Models for EPR January 15, 2008

Pirsa: 08010011




? i B (15l B ® |7 |- = E3 =

Bookmarks

'ﬂ Options -

[E[ Chwe i ey
k] EPR
® Retativity
E[ Backwsard causation
[E[ Monlocal constraints
['_'_i Conclusion
3] Appendix
* Automatic Updates

Updaking wour compuiter is almost complete. ou miust restart your compuker for
the updates to kake effect.

Do wou wank bo restart wour compuker riow?

| Restart hiow | LWbartLater |

L(E}ﬁ( R(0)

/

¥/

@ The idea is that the initial state A = (L(0), R(0)) is correlated with
the final detector setting, as a consequence of a “causal influence”
from the future.

Backward Causation Models for EPR

Pirsa: 08010011




alk. pdf - Adobe Reader
Edit ‘Yiews Document Tooks ‘Window Help

% i' @ isia & ®[7]-: o Ed

Bookmarks =

= Options ~
[5 (=N
*] EPR
E‘l Felatiity
;'55—| Backwsard causation
[5 Monlocal constraints

['__i Conclusion
3] Appendix

@ The idea is that the initial state A = (L(0), R(0)) is correlated with
the final detector setting, as a consequence of a “causal influence”

from the future.

SW  (Instute] Backward Causation Models for EPR January 15, 2008

Pirsa: 08010011




alk. pdf - Adobe Reader

Edit “iews Document Tooks ‘Window Help

§ &- & Pz a
Bookmarks =

lﬂ Options: -

['__l e ey

*] EPR

E Relativity

['_-_l Backwsard causation
II_'_[ Monlocal constraints
['__l Conclusion

3] Appendix

Pirsa: 08010011

Nonlocal constraints

&, ™ 137 - — E{i

Spacetimes with closed timelike curves

@ This is possible:

-

b

£

i

-

-

p—
‘-—-l——“._—lF'-—

-

L,..-F'"'-.h-"-__—-"h
L

Backward Causaton Models for EPR

Jlanuary 15, 2008




alk. pdf - Adobe Reader

Edit Yiews Document Took ‘Windows Help

% E‘Jv & 9 [(slia & ® 15 - d [ -

Bookmarks x
“ Options: ~

R Nonlocal constraints
k] EPR

[5 RHelativity

['__[ Backward causation
[Ei Monlocal constraints
Ilj Conclusion

3] Appendix

@ Timelike initial data for the wave equation [l¢ = O:

@ Data in R (uniquely) determines data at E.

Backward Causation Models for EPR January 15, 2008

Pirsa: 08010011




