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·GHOSTS' BEYOND QUANTUM MECHANICS

WHY DO 'GHOSTS' EXIST ?

HUNTING FORGHOSTS' BEYOND QUANTUM MECHANICS
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POPULAR SYMMETRIES :

- SPASE: TRANSLATION

- SPACE REVERSAL

- TIME TRANSLATION

- TIME REVERSAL (KOLMOGOROU CYCLING CAND)
- TRANSITION MATRIX SYMMETRY HERODISITY -P

- STEADY STATE = EQUILIBRIUM]

EXAMPLE : SPASE TRANSLATION SYMMETRY :







HEAVY-IANECALLISIONS #
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↓YPOTHESIS :

'GHOSTS' EXIST BECAUSE OF SYMMETRIES .

THEY ARE NOT SPECIFIC TO QUANTUM MECHANICS

#

HUNTING FAR 'GHOSTS' BEYOND QUANTUM MECHANICS



HUNTING FOR GHOSTS' BEYOND QUANTUM MESHANKS

PYRAMID

HAUNTERS :

PAWEE FRANCESCO

THE POST-SAVID-WINTER VACATIONS MAREK



STRANG LOCALITY

SCREENING-OFF CRITERION BELL'S PRACTICAL CRITERION

Es= Ez=

=>

P(E)SL ,.G) = p(E)S)) BELL INEQUALITIES WITH E
,, F2

~ IMPRACTICAL IN PRACTICAL
,
BUT WITH

THE REAL UNIVERSE SUPERDETERMINISTC LOOPHALE

JSEE BELOW)



HIDDEN VARIABLE
*

, "
↓ - HIDDEN VARIABLE WHOSE VALUEX

IS SET IN THESOMMAN PAST N

&FEs AND E.2 .

FREE-WILL POSTULATE :
- S M

↳ (92 : 92(x) = n(92 ,92)
bb - (x191 . 92) = f(x)

MAY NOT BE TRUE :

SUPERDETERMINISTIC LAOPHALE
-



P(ky ,92/92 192)
IN SL MODELS BELL'S DEFINITION OF STRONGLY LOCAL MODELS

IN TERMS OF HIDDEN DISTRIBUTIONS :

↑ (a2192192192 ,x) = P(a , (9 1,x)p(a2(92 ,x)
(INDISTINGUISHABLE SITES)

↓ AVERAGING OVER HIDDEN VARIABLE X

=

THE OBSERVED DISTRIBUTION :

· p(an , az(92 ,92) = [P(as() p(a2192 ,4) f(x)



CHSH MEASURE.S THE (2 ,2 ,2 ,2) BELLIS SASE :

GLAUSER
- 91192EG013

.

HORNE - MEASUREMENT SETTINGS (QUESTIONS]
SHIMANY as , a2(-1 , 13
# BLT

- MEASUREMENTOUTCOMES (ANSWERS]

OBSERVED DISTRIBUTION P(9219/92192) AND ITS MOMENTS

FOR EXAMPLE Mq292 = (9192]quaz
S = Moo+ Mel+ M+

- M11
ALGEBRAIC LIMIT ISI4

IT ISEASY' TO SHOW THAT1S/ 2
IN STRONGLY LOCAL MODELS



S IN QUANTUM AND

NON-SIGNALLING

MODELS QUANTUM MODELS :

1sIt E .2 TSIRELSON BOUND

NAN-SIGNALING MODELS :

(MARGINAL DISTRIBUTION AT ONE LOCATION DOES NOT

DEPEND ON SETTING AT OTHER LOCATION

IS I4 # ALGEBRAIC MAXIMUM

THE GENERAL CONDITION FAR INDISTINGUISHABLE SITES :
-

↑(91192191192) = P(92 , 9 , 192191)



5 IN DIFFERENT MADELS
-

# NS #
-

* & * # P D
·GHOSTS'
BEYOND

I# SL ↳ &M

--S
& 1 2 3 4 IS)

SL-STRONGLY L&CAL

& - QUANTUM

NS - NON-SIGNALING

(P(a1(91) INDEPENDENT Of 921 ... (
↑ - POST-RUANTUM &



PYRAMID METHOD THE (3 ,3 , 2 ,2) BELL'S CASE

(THREE QUESTIONS ,
TWO ANSWERS)

&NLY OFF-DIAGONAL MIXED MOMENTS :

X = Ma ,
y = Maz

,
z = Miz

IT ISEASY' TO SHOW THAT!

'GHOSTI
BEYAND

SL-TETRAHEDRON

# & - ELLIPTOPE

(det(f) = 1 + 2xyz - X3 -y -z)]8)
NS - NAN-SIGNALING CUBE

QUANTUM MECHANICS
POST-QUANTUM (e)

n



PYRAMID METHOD THE (3 ,3 , 2 ,2) BELL'S CASE

(THREE QUESTIONS ,
TWO ANSWERS)

THE FULL POLYTORE OF STRONGLY LOCAL MODELS LIVES IN 36D SPACE

&F CONDITIONAL PROBABILITIES AND HAS 684 FACET-DEFINING

(BELLY INEQUALITIES .

THE PYRAMID METHAR (NORMALISATION ,
SYMMETRY AND X-Y-2 TRISK&

REDUCES THE POLYTOPE TO TETRAHEDRON (3D SPACE) AND NUMBER OF

JBELL) INEQUALITIES TO TREE :

36D -> 3D

684 INER. -> 3 INER .



CHSH US PYRAMID

CHSH PRAMID

# DIMENSIONS 2D 3)

xM2
-

TESTING CORRELATION & & Mi bTRANSITIVITY
Mol

DIAGANAL-FREE TESTING & #

SENSITIVITY TO JL :

1 - VS/VNS 50% T 66%
SENSITIVITY TO
1 - Va/VNS 38% 38%E



PYRAMID ADVANTAGES (1)
IN POST-RUANTUM SEARCH

THE PYRAMID :
2 & CUT

POST-QUANTUM MAXIMALLY VIOLATES

TRANSITIVITY
I FOR EXAMPLE

:

X = 1 FULLY CORRELATED

Y = 1 I &UTCOMES

BUT
UNCORRELATED

2 =/ OUTCOMES

NO TRANSITIVITY TESTING

IN THE 11 CHSH CASE

(det(f) = 1 + 2xyz - X3 -y -z)]8)



PYRAMID ADVANTAGES (11)
IN POST-RUANTUM SEARCH

THE PYRAMID : ALLOCATES A LARGE

VOLUME FRACTION TO POST-QUANTUM

'GHOSTI
BEYAND ~ 38%

THIS COMPARES TO I 38% IN

QUANTUM MECHANICS THE CHSH CASE
.

# NS #

* & * # E D
·GHOSTS'
BEYOND

# SL ↳ &M I
-!& 1 23

ISI



SUMMARY

THE CELL MADEL EXAMPLE SUGGESTS THAT VIOLATION

D STRANG LOCALITY IN NATURE MAY BE DUE TO SYMMETRY

OF THE UNIVERSE - SEARSH FOR 'GHOSTSI BEYOND

&WANTUM MECHANICS

THE PYRAMID METHOR FOR STUDYING VIOLATION OF STRANG-LOCALITY↓

IS WELL SUITED FORGHASTS" SEARCHING

BEYOND QUANTUM MECHANICS
.
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