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“A theory will be said to be locally causal if the

Bell, 1990
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I. What is a local physical theory?
Il. Accounting for correlations in local physical theories
lll. Other locality concepts
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s Local physical theory (LPT): a net V — A(V) satisfying
isotony and microcausality.
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» Microcausality
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» Classical local theory: commutative local algebras

» Quantum local theory: noncommutative local algebras
s A: quasilocal algebra

» ¢. state




s Example

Al
dhtt
.&o&&o:o

S
A
Ao,
P A
A i,
A oo

A
Al ,...”.”.”.”.”.”.”.”.”.”.”.%.
SO NSy
O Y o

B R OO
00NN W N, 3
AP0 o Tehnnnnts,
) B . o e

Y BB

.
. . y
T R
ST R qe
B I
AR, Y R
AR, A
B R
R K SR K G
R .‘“ﬂg. L

L

.
S,

b
o

&
”

o
PO
A
A
SRR,
i
RO

iy
N

L
R
B
i»%

¥
Y X LA
RNTLLIRRS o,
S i,
SRR 3\“%33333304

G SEEEERCEVREREERER
B, O gl d
R, G e,
AR R bt s I
VD g
R R g 3 R
LA A R A
g T g

S o, G

’h”wv p&%@w

W R e,
AN SR
‘..",“”...........:é vaa............““w

o

Y
.y
L0
L

b
{
{
o
i |

K

i

1o
4
X
X
{

b,

1
1
1
1

i

)
(g

3,
8

1
1

i s

>
b

P
A
AR,
o

.
(i
‘vt i

£
S
LA
%%%%wca K
S
LIS
S
S,
i,
aaddy
EEEEeeee
R 0
LI

&
o“o
““
L

&

3 o
P e,
Y R,
XTI TN
Y R
N N
WY RO,
L
(OSORTRTRRA
R
PO XKoo
0, IR
R, NG
e IR
X

L
A
AR
e

W0y,
T
o

p’




s Example

Al
dhtt
.&o&&o:o

S
A
Ao,
P A
A i,
A oo

RN A
WAL
A g

G R o
i, S
A 0
G

.
o
i,

A
W o,
" (EREEONN oy wrr AR
B Qi

LA

I Y

N Ko

R g

i, S

B R

IR, N

B NI X,

e T, " AR

NN MBI (G

i sy | G

PR g

A, S,

Ao, S i,

s, A i,
R I XA
SN U AT AN
ST W AR SO,
e, ™ Gl vt
(AN SN WV
i, .
OO . RN

IO ot IR ol

X0 o0 Tl
R o RIS il

4
A

ww by
Vit i,

S v
Io& wv&»

Y
.y
L0
L

b
{
{
o
i |

K

i

1o
4
X
X
{

b,

1
1
1
1

i

)
(g

3,
8

1
1

i s

>
b

P
A
AR,
o

.
(i
‘vt i

2
S
LA
%%%%wca K
S
LIS
S
S,

i,

aaddy

EEEEeeee
R 0
LI

&
&v
”w
L

&

3 o
P e,
Y R,
XTI TN
Y R
N N
WY RO,
L
(OSORTRTRRA
R
PO XKoo
0, IR
R, NG
e IR
X

L
A
AR
e

W0y,
T
o

p’




s Example

Al
dhtt
.&o&&o:o

S
A
Ao,
P A
A i,
A oo

R
R
XA R0

2 O
Ao, Cgaanr dannnny
N Y
VOO, (O O
P I B

&

.
o
%&............,.. E ,

',
S,

b
o

30 :
i
) ol
i, R
(N, ST
(IR, S
AT IR
B TR Al
(R, N e
N e, G
SO RO " AR
R Ry S
o KACOAOIEN CRRURDORRNS” o
WL N
L IR X
g, SRR i, O
SN UGS N
B Ol N
SO o )

L

SN Al
W, 3
s

Sy BOCOBECORO0
b o v 3&&&&&: “&ﬁ&vf&
i o i b
VHETEREEEL EEREEERREREEES o CREEEEEEEEEL IEEEEEEEEES
R . S
A 0 TR I K
SRETEERRTEERRSY  (REEEOety, CREEEEEREEREeres
L R K
RARNIT SO "R

p N BNy, REREEES

s A

. )
AN e X

ww by
Vit i,

S v
Io& wv&»

Y
.y
L0
L

.

i . TS
L
W
3
3

.
o
i |

K

i

1o
4
X
X
{

b,

1
1
1
1

i

)
(g

3,
8

1
1

i s

>
b

P
A
AR,
o

.
(i
‘vt i

£
S
LA
%%‘o%wc? K
S
LIS
S
S,
i,
aaddy
EEEEeeee
R 0
LI

&

3 o
P e,
Y R,
XTI TN
Y R
N N
WY RO,
L
(OSORTRTRRA
R
PO XKoo
0, IR
R, NG
e IR
X

L
A
AR
e

W0y,
T
o

p’




a. Reichenbach’s common cause principle
b. Bell's local causality




¢(AB) # ¢(A) ¢(B)

» Correlation
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» Common cause: partition {C}}, ., of the unit

¢(CrABCy)  o(CrAC) ¢(CpBCy)

o(Ck,) o(Cr)  o(Cy)

» Commuting common cause:
{Ck}rcx 18 commuting with A and B




» Common cause
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in LPTs

1011S 11

I1. Accounting for correlat

» Weak common cause
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» More correlations
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» Joint common cause: partition {C}} ., of the unit

o(CrA;BiCr)  o(CrA;iCy) o(CrB;iC)

o(Ck) o(Cy) o(Cy)

» Commuting common cause:
{Ck}recx 18 commuting with A; and B;




» Joint common cause
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Joint commuting common cause — Bell's inequality

Joint common cause =% Bell's inequality




s Bell’s local causality
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» “Itis important that region V- completely shields off
from V4 the overlap of the backward light cones of V4
and Vg
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s Bell’s local causality
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s Bell’s local causality
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s V¢ Is a shielder-off region:

Li: Vo J_(Vy)
L2 . Vy C VC/{
L3 . Vo C Vé




s “And it is important that events in V> be specified
completely. Otherwise the traces in region V3 of causes
of events in V4 could well supplement whatever else was
being used for calculating probabilities about V4.”

o [ he screener-offs are atomic events.




» Definition. A LPT is called (Bell) locally causal, if

. for any pair of projections A € N'(V4) and B € N (Vp)
supported in spacelike separated regions, and

» for every locally normal and faithful state ¢
establishing a correlation between A and B,

¢(AB) # ¢(A)¢(B), and
s for any spacetime region Vi satisfying L;- L3, and
» for any atomic event C;, in N'(V¢):

¢(CrABCE)  ¢(CrACE) ¢(CpBCy)

¢(Cy) P(Cy) P(Ck)




a. Local primitive causality
b. Stochastic Einstein locality
c. d-separation




(V") forany V € K

ty: A(V) =
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s Any atomic LPT satisfying local primitive causality is
locally causal.




D Plawe) = e

locality

» Stochastic Einstein
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» Stochastic Einstein locality follows from local primitive
causality and vica versa (if the set of states are
separating).




s Bell’s local causality
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» Rédei, 2014: Local causality “is not a single property a
physical theory can in principle have but an intricately
interconnected web of features.”




» G. Hofer-Szabd and P. Vecsernyés, Quantum Theory
and Local Causality (Dordrecht: Springer Brief, 2018).
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s Complete specification of beables in a region vV € K:

¢oT
(¢oT)(1)

by a completely positive map 7 on the quasilocal
observables obeying the following properties:
P, : the restriction of ¢+ to the local algebra N (V) is
pure,
P,: B7(1) = T(B) = T(1)B hold for local observables
B supported in V',

O(X) = o7 (X) =




» Definition. A LPT is called (Bell) locally causal, if

. for any pair of projections A € N'(V4) and B € N (Vp)
supported in spacelike separated regions, and

» for every locally normal and faithful state ¢
establishing a correlation between A and B,

¢(AB) # ¢(A)¢(B), and
s for any spacetime region Vi satisfying L;- L3, and
» for any operation 7 obeying P, and P

¢17(AB) = ¢7(A)dp7(B).
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