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In the causeless limit 0||0 2 →⇔∞→⇔→ ctδ  
 

 
 
 

Course of time



CLASSICAL CAUSAL ANALYSIS 
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Definition 1: The cause A and the effect B are variables for which γ<1. 
 
Axiom of classical causality: 01,01,01 →⇒→<⇒>>⇒< τγτγτγ  
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In the particular case 
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1,10,10 222 →⇔±∞→<⇔>>⇔< γγγ ccс  
 
 
 
 

It is possible to replace γ by c2 in the causality definition and axiom 
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In the particular case 
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It is possible to replace γ by c2 in the causality definition and axiom
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QUANTUM CAUSAL ANALYSIS 
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Definition 2: 
The cause A and the effect B are the subsystems for which c2(A,B) > 0. 

Axiom of strong causality:  
 

0||,00,00 222 →⇒∞→<⇒<>⇒> τττ ccc  



B
0

4ΨEPR

CA

?Ψ

B
0

4ΨEPR

CA

?Ψ

Standard tensor product treatment
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Не удается отобразить рисунок.

Выступающий
Заметки для презентации
Now we can implement the method of causal analysis to teleportation. 
First we should consider a standard tensor product treatment. From its point of view teleportation occurs in the moment of Bell measurement. We can consider two cases. In case a Bob measures his particle B before Alice’s measurement. From the tensor product treatment he just get some random result. In case b when Bob measures his particle after Alice’s measurement he also get some random result be this result in encoded version of input state of Alice.
To see the behavior of causality we should write a density matrix for the whole system ACB. To the purposes of convenience we write it as function of parameter p. For p=0 we have system just before Bell measurement, for p=1 we have system after Bell measurement.
In the case when Alice’s input state is always 0 we receive the following picture of causality between AC and B. The main feature is that AC-B is always positive. So causal analysis says that AC is always a cause to B in spite of the moment of Bob’s measurement.



Macroscopic entanglement equation
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Relation between the advanced field, radiation damping 
and entropy production
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E = AEret  + BEadv 
 

A
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−
− −
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A=1, B=0 ⇒  a=1, 0≤b<1 

 

Advanced/retarded absorption efficiency asymmetry


E = AEret  + BEadv
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Simplified sketch of the lab electrode detector

C, case (thickness of the walls is 20 
mm); 
D, Dewar; 
V, vessel with the electrolyte;
E, electrodes (complicated internal 
design is not shown);
T, temperature sensor.
Materials: shade, caprolon; 
doubleshade, ebonite; dots, air; 
unshaded space, vacuum.
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Principle of the electrode detector of nonlocal correlations
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1 – Anchor 
2 – Cable
3 – Electronics unit, 
acceleration and
temperature sensors
4 – Buoy rope
5 – Buoy
I, II – Top electrode detector Ut
III, IV – Bottom electrode detector Ub

Baikal Deep-Sea Setup

Site depth is 1367 m
Electronics unit depth is 20 m
Top detector depth is 47 m
Bottom detector depth is 1337 m
Top-bottom detector separation is 1290 m





 
 
 

MACROSCOPIC ENTANGLEMENT EVIDENCES: 
 
 
 
 

Violation of classical (strong) causality: 
 

:B A→    01 <⇒> τγ  
 

Violation of steering inequality: 
 

:С B A→ →    | | |max( , )A C A B B Ci i i≥  


Macroscopic entanglement evidences:

Violation of classical (strong) causality:
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Violation of steering inequality:
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An example of the causality and independence functions of the detector signal U and 
solar radio flux R at frequency 2800 MHz. τ < 0 corresponds to retardation of U
relative to R, τ > 0 – to advancement.



An example of the correlation function of the detector signal U and solar radio flux R at
frequency 2800 MHz. τ < 0 corresponds to retardation of U relative to R, τ > 0 – to
advancement.



An example of the correlation function of the detector signal U and geomagnetic
activity Dst. τ < 0 corresponds to retardation of U relative to R, τ > 0 – to advancement.



C B A→ →  

( )| | |max ,AC A B B Ci i i≥  

A Ut= , B Dst= , C R= or X  

With filtration 365>T>59 days: 

for C R= : 0.05
| 0.000.35Ut Ri +

−= , 0.08
| 0.000.51Ut Dsti +

−= , 0.00
| 0.010.57Dst Ri +

−= ;  

for C X= : 0.14
| 0.000.36Ut Xi +

−= , 0.08
| 0.000.51Ut Dsti +

−= , 0.00
| 0.000.55Dst Xi +

−= . 

With filtration 365>T>77 days: 

for C R= : 0.00
| 0.050.34Ut Ri +

−= , 0.00
| 0.010.47Ut Dsti +

−= , 0.00
| 0.000.54Dst Ri +

−= ;  

for C X= : 0.02
| 0.000.28Ut Xi +

−= , 0.00
| 0.010.47Ut Dsti +

−= , 0.01
| 0.010.55Dst Xi +

−= . 
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With filtration 365>T>59 days:
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Пример прогноза солнечной активности R с фиксированной заблаговременностью 42 суток
(тонкая линия) в сравнении с фактической кривой (жирная линия). ε –
среднеквадратическая ошибка прогноза, 10-22 Wm-2Hz-1. По: [Коротаев С.М., Сердюк В.О.,
Горохов Ю.В. Прогноз геомагнитной и солнечной активности на основе нелокальных
корреляций // Доклады Академии наук. 2007. Т. 415. № 6. С. 814-817].



Пример прогноза геомагнитной активности Dst с фиксированной заблаговременностью 42
суток (тонкая линия) в сравнении с фактической кривой (жирная линия). ε –
среднеквадратическая ошибка прогноза, нТл.. По: [Коротаев С.М., Сердюк В.О., Горохов
Ю.В. Прогноз геомагнитной и солнечной активности на основе нелокальных корреляций //
Доклады Академии наук. 2007. Т. 415. № 6. С. 814-817].



Прогноз Dst методом текущей импульсной переходной характеристики с
фиксированной заблаговременностью 329 сут (синяя линия) в сопоставлении с
фактической кривой (красная линия). Среднеквадратичная погрешность прогноза
0.40 нТл.



Forecast of random variations in the sea current velocity V at a depth of 
50 m (relative to the sliding 77-day average) with a fixed advancement 
16 days by the Ut detector data. The standard deviation of the forecasted 
(green line) and actual (black line) curves is 0.073 cm/s.



Помимо множества статей, три монографии с 
систематическим изложением исследований:

1. Korotaev S.M. Causality and Reversibility in Irreversible 

Time. Irvine, CA: Scientific Research Publishing, 2011. – 

130 p. 

2. Киктенко Е.О., Коротаев С.М. Причинность в 

квантовом мире. Saarbrücken: Lambert Academic 

Publishing, 2012. 113 с. 

3. Коротаев С.М., Морозов А.Н. Нелокальность 

диссипативных процессов – причинность и время. М.: 

Физматлит. 2018. – 216 с. 


1. Korotaev S.M. Causality and Reversibility in Irreversible Time. Irvine, CA: Scientific Research Publishing, 2011. – 130 p.


2. Киктенко Е.О., Коротаев С.М. Причинность в квантовом мире. Saarbrücken: Lambert Academic Publishing, 2012. 113 с.


3. Коротаев С.М., Морозов А.Н. Нелокальность диссипативных процессов – причинность и время. М.: Физматлит. 2018. – 216 с.






Hourly average values of signals of the top Ut and bottom Ub detectors (Ez is the
electric field). The vertical line is the earthquake moment.
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