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Functor of actions (SFA) theories

SFA �
Z
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Functor (F) is the generalisation concept of functionals

 
Functionals is the generalisation concept of functions

P.Ntelis and A.Morris (2023) [6] �6

<latexit sha1_base64="yboVxIdYjXCN/vzEEOqfTw+GzNo=">AAACG3icbVDLSgNBEJz1GeMr6tHLYBC8GHaDqCBCUA8ePEQ0D8jGMDuZJENmZ9eZXjEs+x9e/BUvHhTxJHjwb5w8EE0saCiquunu8kLBNdj2lzU1PTM7N59aSC8uLa+sZtbWyzqIFGUlGohAVT2imeCSlYCDYNVQMeJ7glW87mnfr9wxpXkgr6EXsrpP2pK3OCVgpEYmf4WPscslNFyfQIcSEZcT3Lw5w/fY1bcK4t124h7hH/ciaWSyds4eAE8SZ0SyaIRiI/PhNgMa+UwCFUTrmmOHUI+JAk4FS9JupFlIaJe0Wc1QSXym6/HgtwRvG6WJW4EyJQEP1N8TMfG17vme6eyfqMe9vvifV4ugdViPuQwjYJIOF7UigSHA/aBwkytGQfQMIVRxcyumHaIIBRNn2oTgjL88Scr5nLOfsy/3soWTURwptIm20A5y0AEqoHNURCVE0QN6Qi/o1Xq0nq03633YOmWNZjbQH1if3+c/oL8=</latexit>

S =

Z

V
dDx

p
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Action (S) in physics is a quantity which is the product of energy with time.  
 
Action is a quantity which tell us the amount of possible ways a particle  
can travel from one point to another within a certain region

Functor of actions predict the existence of actionic fluctuations and field-particles 
which is an analogue of the energetic/topological fluctuations/field-particles in nature.

https://arxiv.org/abs/2010.06707
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Functors of actions

Prediction of Modification of Einstein Field Equations

Prediction of Actionic fields 
(similar to energy fields)
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Ssimple
FA = �SR + Sm + S3

https://arxiv.org/abs/2010.06707
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Prediction of Actionic fields, 

by choosing a special Lagrangian fluctuation

Equation of state

for w ~ -1.1

=>  

δL3 ~ -0.1

Functors of actions

Constraints and Prediction of Modification of EFE

�8

=>  
δS3 ~ SdDx(-g)1/2 �L3 ~ -0.1VD

Under these assumptions simple actionions are 1/10th of the observed volume

https://inspirehep.net/files/7436e53ae3741a888614119760a039ce
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Actionic field interpretation

Action answers to the question :

Exit Exit

Entrance Entrance

x1

x2 x2

x1

x1 is possible for both rooms, x2 is not possible for the 2nd room

What is the number of all possible routes 

a cat can use to pass through each room ?

space, x

N = 2 N-n 
2-1
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Action answers to the question :

Exit Exit

Entrance Entrance

x1

x2 x2

x1
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An actionic field everywhere  
QM <=> actionion field-particle
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https://www.authorea.com/users/600630/articles/632161-a-probabilistic-and-expanding-universe
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Motivation 1

In 1942, Menger have introduced the concepts of statistical metrics [1].

In 1977, Drossos introduced the stochastic Menger spaces [2].

In the framework of modifications of gravity,  
 
string theories predict extra dimensions [3],  
while  
Loop quantum gravity theories predict the non-existence of metric [4].

Natural to introduce an idea of a manifold in between  
extra dimensional spacetime manifolds and non-metric manifolds

Cosmological Gravitology
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Cosmological Gravitology

Evidence for a semi analytical model is found to be

Dimensions = 4 ± 0.1  
from gravitational wave estimates  

[Pardo, Fishbach, Holtz, 2018]

Probabilistic Dimensions

dDx

�14

Motivation 2
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Space Time Continuum

2D

2D curved

2D curved

probabilistic

Easy 

generalisation 


in 3+1 

dimensions
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https://www.authorea.com/users/600630/articles/632161-a-probabilistic-and-expanding-universe
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modifying dimensions 


means that we need to modify

 
- topology (metric, manifold, curvature tensor)


- matter content evolution


Sophisticated   and   Simple modifications 

Simple probabilistic metric : 
<latexit sha1_base64="8pVCjR4SyBfOMJcvsrFiWr+9VFU="></latexit>

ds2 = a2(⌧)
h
�P 2(⌧)e2 (⌧,~x)d⌧2 + e�2�(⌧,~x)dxidxj�ij

i

P.Ntelis 2024 under review
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<latexit sha1_base64="aRQJSd78KNL2YmboZ35c1RIbExM="></latexit>

D ! D̄ =

Z

⌦D

dXD Gaussian(XD;D,�D)

<latexit sha1_base64="HRHLoPKVgmicwenU5b+xqtnZh+w="></latexit>

SProbabilistic gravity /
Z

dD̄x
q

�gD̄

"
RD̄

16⇡GN
+ LD̄

m

⇣
gD̄µ⌫ , m, ...

⌘#

https://www.authorea.com/users/600630/articles/632161-a-probabilistic-and-expanding-universe
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Results

Einstein Field Equation results to modified Friedmann equations

P.Ntelis 2024 under review
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<latexit sha1_base64="YGtI9AWmZ05sT89j8PqRpaTckyo="></latexit>

H
2(⌧) =

8⇡GN

3c4
a2(⌧)P 2(⌧)

X

s2{m,r,⇤,k}

⇢̄s(⌧)

2H0(⌧) +H
2(⌧) = �

8⇡GN

3c4
a2(⌧)P 2(⌧)

X

s2{m,r,⇤,k}

ws(⌧)⇢̄s(⌧)

while continuity equation remains the same

<latexit sha1_base64="CswdlhNouqTaMfsRQa15kIdwwCY="></latexit>

⇢̄s = � [1 + ws(⌧)]H(⌧)⇢̄s(⌧)

Currently working on solutions!

https://www.authorea.com/users/600630/articles/632161-a-probabilistic-and-expanding-universe
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Results

This probabilistic perturbed expanding Manifold-metric  
 
modifies 
 
the Einstein-Boltzmann equations (find them in doc).

P.Ntelis 2024 under review
�19

https://www.authorea.com/users/600630/articles/632161-a-probabilistic-and-expanding-universe
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Results

A collection of Probabilistic Manifold-Metric pairs in the doc:

P.Ntelis 2024 under review
�20

https://www.authorea.com/users/600630/articles/632161-a-probabilistic-and-expanding-universe
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Qualitative results

I(E) = � log [P(E)]
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Connections of probabilities with information

New kind of manifold-metric pairs  
using probabilities and information

Correspondence with field-particles characterisation (spacions):

P.Ntelis 2024 under review
�21

spaciallion, timions, probablons,  informatons.

https://www.authorea.com/users/600630/articles/632161-a-probabilistic-and-expanding-universe
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<latexit sha1_base64="I8OgyQcQYlrtPN+FLm2JCOw+vX8=">AAACKHicbVDLSgMxFM34tr6qLt0Ei+iqzIigO18g7qzUqtApJZPe1tAkMyR3hDLM57jxV9yIKNKtX2L6QHwdCBzOuZebc6JECou+3/cmJqemZ2bn5gsLi0vLK8XVtWsbp4ZDjccyNrcRsyCFhhoKlHCbGGAqknATdU8H/s09GCtifYW9BBqKdbRoC87QSc3iYagY3nEms2rezEKj6NlxTkObJhaQhkKjUy8UdNjIreY5bVW3vyaaxZJf9oegf0kwJiUyRqVZfAlbMU8VaOSSWVsP/AQbGTMouIS8EKYWEsa7rAN1RzVTYBvZMGhOt5zSou3YuKeRDtXvGxlT1vZU5CYHsexvbyD+59VTbB80MqGTFEHz0aF2KinGdNAabQkDHGXPEcaNcH+l/I4ZxtF1W3AlBL8j/yXXu+XALweXe6Wjk3Edc2SDbJIdEpB9ckTOSYXUCCcP5Im8kjfv0Xv23r3+aHTCG++skx/wPj4BNsSmoQ==</latexit><latexit sha1_base64="I8OgyQcQYlrtPN+FLm2JCOw+vX8=">AAACKHicbVDLSgMxFM34tr6qLt0Ei+iqzIigO18g7qzUqtApJZPe1tAkMyR3hDLM57jxV9yIKNKtX2L6QHwdCBzOuZebc6JECou+3/cmJqemZ2bn5gsLi0vLK8XVtWsbp4ZDjccyNrcRsyCFhhoKlHCbGGAqknATdU8H/s09GCtifYW9BBqKdbRoC87QSc3iYagY3nEms2rezEKj6NlxTkObJhaQhkKjUy8UdNjIreY5bVW3vyaaxZJf9oegf0kwJiUyRqVZfAlbMU8VaOSSWVsP/AQbGTMouIS8EKYWEsa7rAN1RzVTYBvZMGhOt5zSou3YuKeRDtXvGxlT1vZU5CYHsexvbyD+59VTbB80MqGTFEHz0aF2KinGdNAabQkDHGXPEcaNcH+l/I4ZxtF1W3AlBL8j/yXXu+XALweXe6Wjk3Edc2SDbJIdEpB9ckTOSYXUCCcP5Im8kjfv0Xv23r3+aHTCG++skx/wPj4BNsSmoQ==</latexit><latexit sha1_base64="I8OgyQcQYlrtPN+FLm2JCOw+vX8=">AAACKHicbVDLSgMxFM34tr6qLt0Ei+iqzIigO18g7qzUqtApJZPe1tAkMyR3hDLM57jxV9yIKNKtX2L6QHwdCBzOuZebc6JECou+3/cmJqemZ2bn5gsLi0vLK8XVtWsbp4ZDjccyNrcRsyCFhhoKlHCbGGAqknATdU8H/s09GCtifYW9BBqKdbRoC87QSc3iYagY3nEms2rezEKj6NlxTkObJhaQhkKjUy8UdNjIreY5bVW3vyaaxZJf9oegf0kwJiUyRqVZfAlbMU8VaOSSWVsP/AQbGTMouIS8EKYWEsa7rAN1RzVTYBvZMGhOt5zSou3YuKeRDtXvGxlT1vZU5CYHsexvbyD+59VTbB80MqGTFEHz0aF2KinGdNAabQkDHGXPEcaNcH+l/I4ZxtF1W3AlBL8j/yXXu+XALweXe6Wjk3Edc2SDbJIdEpB9ckTOSYXUCCcP5Im8kjfv0Xv23r3+aHTCG++skx/wPj4BNsSmoQ==</latexit><latexit sha1_base64="I8OgyQcQYlrtPN+FLm2JCOw+vX8=">AAACKHicbVDLSgMxFM34tr6qLt0Ei+iqzIigO18g7qzUqtApJZPe1tAkMyR3hDLM57jxV9yIKNKtX2L6QHwdCBzOuZebc6JECou+3/cmJqemZ2bn5gsLi0vLK8XVtWsbp4ZDjccyNrcRsyCFhhoKlHCbGGAqknATdU8H/s09GCtifYW9BBqKdbRoC87QSc3iYagY3nEms2rezEKj6NlxTkObJhaQhkKjUy8UdNjIreY5bVW3vyaaxZJf9oegf0kwJiUyRqVZfAlbMU8VaOSSWVsP/AQbGTMouIS8EKYWEsa7rAN1RzVTYBvZMGhOt5zSou3YuKeRDtXvGxlT1vZU5CYHsexvbyD+59VTbB80MqGTFEHz0aF2KinGdNAabQkDHGXPEcaNcH+l/I4ZxtF1W3AlBL8j/yXXu+XALweXe6Wjk3Edc2SDbJIdEpB9ckTOSYXUCCcP5Im8kjfv0Xv23r3+aHTCG++skx/wPj4BNsSmoQ==</latexit>

2D t-x

2D curved probabilistic

A probabilistic expanding universe under functors of actions theories

Exit

Entrance

x2

x1

N-n 
2-1

<latexit sha1_base64="W0rQT4vrUePU2x2QS4ghdwriGgQ="></latexit>

H
2(⌧) =

8⇡GN

3c4
a2(⌧)P 2(⌧)⇢̄(⌧) +

1

3
a2(⌧)P 2(⌧)⇤

2H0(⌧) +H
2(⌧) =

8⇡GN

3c4
a2(⌧)P 2(⌧) ¯̃P (⌧) + ⇤a2(⌧)P 2(⌧)

<latexit sha1_base64="tz/x8Y9TGNFbN1cohLE5Kt+bBig="></latexit>

ds2 = a2(⌧)
h
�P 2(⌧)e2 (⌧,~x)d⌧2 + e�2�(⌧,~x)dxidxj�ij

i
.
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2D t-x

2D curved probabilistic

Exit

Entrance

x2

x1

N-n 
2-1

<latexit sha1_base64="tz/x8Y9TGNFbN1cohLE5Kt+bBig="></latexit>

ds2 = a2(⌧)
h
�P 2(⌧)e2 (⌧,~x)d⌧2 + e�2�(⌧,~x)dxidxj�ij

i
.

<latexit sha1_base64="W0rQT4vrUePU2x2QS4ghdwriGgQ="></latexit>

H
2(⌧) =

8⇡GN

3c4
a2(⌧)P 2(⌧)⇢̄(⌧) +

1

3
a2(⌧)P 2(⌧)⇤

2H0(⌧) +H
2(⌧) =

8⇡GN

3c4
a2(⌧)P 2(⌧) ¯̃P (⌧) + ⇤a2(⌧)P 2(⌧)

A probabilistic expanding universe under functors of actions theories

SFA �
Z

⌦S

dS0 �
<latexit sha1_base64="I8OgyQcQYlrtPN+FLm2JCOw+vX8=">AAACKHicbVDLSgMxFM34tr6qLt0Ei+iqzIigO18g7qzUqtApJZPe1tAkMyR3hDLM57jxV9yIKNKtX2L6QHwdCBzOuZebc6JECou+3/cmJqemZ2bn5gsLi0vLK8XVtWsbp4ZDjccyNrcRsyCFhhoKlHCbGGAqknATdU8H/s09GCtifYW9BBqKdbRoC87QSc3iYagY3nEms2rezEKj6NlxTkObJhaQhkKjUy8UdNjIreY5bVW3vyaaxZJf9oegf0kwJiUyRqVZfAlbMU8VaOSSWVsP/AQbGTMouIS8EKYWEsa7rAN1RzVTYBvZMGhOt5zSou3YuKeRDtXvGxlT1vZU5CYHsexvbyD+59VTbB80MqGTFEHz0aF2KinGdNAabQkDHGXPEcaNcH+l/I4ZxtF1W3AlBL8j/yXXu+XALweXe6Wjk3Edc2SDbJIdEpB9ckTOSYXUCCcP5Im8kjfv0Xv23r3+aHTCG++skx/wPj4BNsSmoQ==</latexit><latexit sha1_base64="I8OgyQcQYlrtPN+FLm2JCOw+vX8=">AAACKHicbVDLSgMxFM34tr6qLt0Ei+iqzIigO18g7qzUqtApJZPe1tAkMyR3hDLM57jxV9yIKNKtX2L6QHwdCBzOuZebc6JECou+3/cmJqemZ2bn5gsLi0vLK8XVtWsbp4ZDjccyNrcRsyCFhhoKlHCbGGAqknATdU8H/s09GCtifYW9BBqKdbRoC87QSc3iYagY3nEms2rezEKj6NlxTkObJhaQhkKjUy8UdNjIreY5bVW3vyaaxZJf9oegf0kwJiUyRqVZfAlbMU8VaOSSWVsP/AQbGTMouIS8EKYWEsa7rAN1RzVTYBvZMGhOt5zSou3YuKeRDtXvGxlT1vZU5CYHsexvbyD+59VTbB80MqGTFEHz0aF2KinGdNAabQkDHGXPEcaNcH+l/I4ZxtF1W3AlBL8j/yXXu+XALweXe6Wjk3Edc2SDbJIdEpB9ckTOSYXUCCcP5Im8kjfv0Xv23r3+aHTCG++skx/wPj4BNsSmoQ==</latexit><latexit sha1_base64="I8OgyQcQYlrtPN+FLm2JCOw+vX8=">AAACKHicbVDLSgMxFM34tr6qLt0Ei+iqzIigO18g7qzUqtApJZPe1tAkMyR3hDLM57jxV9yIKNKtX2L6QHwdCBzOuZebc6JECou+3/cmJqemZ2bn5gsLi0vLK8XVtWsbp4ZDjccyNrcRsyCFhhoKlHCbGGAqknATdU8H/s09GCtifYW9BBqKdbRoC87QSc3iYagY3nEms2rezEKj6NlxTkObJhaQhkKjUy8UdNjIreY5bVW3vyaaxZJf9oegf0kwJiUyRqVZfAlbMU8VaOSSWVsP/AQbGTMouIS8EKYWEsa7rAN1RzVTYBvZMGhOt5zSou3YuKeRDtXvGxlT1vZU5CYHsexvbyD+59VTbB80MqGTFEHz0aF2KinGdNAabQkDHGXPEcaNcH+l/I4ZxtF1W3AlBL8j/yXXu+XALweXe6Wjk3Edc2SDbJIdEpB9ckTOSYXUCCcP5Im8kjfv0Xv23r3+aHTCG++skx/wPj4BNsSmoQ==</latexit><latexit sha1_base64="I8OgyQcQYlrtPN+FLm2JCOw+vX8=">AAACKHicbVDLSgMxFM34tr6qLt0Ei+iqzIigO18g7qzUqtApJZPe1tAkMyR3hDLM57jxV9yIKNKtX2L6QHwdCBzOuZebc6JECou+3/cmJqemZ2bn5gsLi0vLK8XVtWsbp4ZDjccyNrcRsyCFhhoKlHCbGGAqknATdU8H/s09GCtifYW9BBqKdbRoC87QSc3iYagY3nEms2rezEKj6NlxTkObJhaQhkKjUy8UdNjIreY5bVW3vyaaxZJf9oegf0kwJiUyRqVZfAlbMU8VaOSSWVsP/AQbGTMouIS8EKYWEsa7rAN1RzVTYBvZMGhOt5zSou3YuKeRDtXvGxlT1vZU5CYHsexvbyD+59VTbB80MqGTFEHz0aF2KinGdNAabQkDHGXPEcaNcH+l/I4ZxtF1W3AlBL8j/yXXu+XALweXe6Wjk3Edc2SDbJIdEpB9ckTOSYXUCCcP5Im8kjfv0Xv23r3+aHTCG++skx/wPj4BNsSmoQ==</latexit>
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Conclusions

Future plan

Develop further 4 axis of research:


- Functors of actions through category theory


- Probabilistic and informatics model 

- Dynamical analysis systems, numerical/analytical solutions


- Statistical tests of above theories (Early, Late Universe, GW)


Collaboration on models and tests with other cosmologists 

- Mathematical and Observational evidence for

- Functors of actions theories predictions of actionions

- Probabilistic dimensions, probabilistic manifold-metric pairs  

- Dynamical analysis on standard �CDM cosmology 
important tool for analysing other cosmic systems

�25
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E
=
m
c 2

<latexit sha1_base64="was+mSbSq46P3R2ZI/oGY1FZZfQ=">AAAB8HicbVBNSwMxEJ2tX7V+VT16CRbBU9ktgl6EoggeK9gPadeSTbNtaJJdkqxQlv4KLx4U8erP8ea/Md3uQVsfDDzem2FmXhBzpo3rfjuFldW19Y3iZmlre2d3r7x/0NJRoghtkohHqhNgTTmTtGmY4bQTK4pFwGk7GF/P/PYTVZpF8t5MYuoLPJQsZAQbKz3coEskEHms9csVt+pmQMvEy0kFcjT65a/eICKJoNIQjrXuem5s/BQrwwin01Iv0TTGZIyHtGupxIJqP80OnqITqwxQGClb0qBM/T2RYqH1RAS2U2Az0oveTPzP6yYmvPBTJuPEUEnmi8KEIxOh2fdowBQlhk8swUQxeysiI6wwMTajkg3BW3x5mbRqVc+tendnlfpVHkcRjuAYTsGDc6jDLTSgCQQEPMMrvDnKeXHenY95a8HJZw7hD5zPH8xDjxY=</latexit><latexit sha1_base64="was+mSbSq46P3R2ZI/oGY1FZZfQ=">AAAB8HicbVBNSwMxEJ2tX7V+VT16CRbBU9ktgl6EoggeK9gPadeSTbNtaJJdkqxQlv4KLx4U8erP8ea/Md3uQVsfDDzem2FmXhBzpo3rfjuFldW19Y3iZmlre2d3r7x/0NJRoghtkohHqhNgTTmTtGmY4bQTK4pFwGk7GF/P/PYTVZpF8t5MYuoLPJQsZAQbKz3coEskEHms9csVt+pmQMvEy0kFcjT65a/eICKJoNIQjrXuem5s/BQrwwin01Iv0TTGZIyHtGupxIJqP80OnqITqwxQGClb0qBM/T2RYqH1RAS2U2Az0oveTPzP6yYmvPBTJuPEUEnmi8KEIxOh2fdowBQlhk8swUQxeysiI6wwMTajkg3BW3x5mbRqVc+tendnlfpVHkcRjuAYTsGDc6jDLTSgCQQEPMMrvDnKeXHenY95a8HJZw7hD5zPH8xDjxY=</latexit><latexit sha1_base64="was+mSbSq46P3R2ZI/oGY1FZZfQ=">AAAB8HicbVBNSwMxEJ2tX7V+VT16CRbBU9ktgl6EoggeK9gPadeSTbNtaJJdkqxQlv4KLx4U8erP8ea/Md3uQVsfDDzem2FmXhBzpo3rfjuFldW19Y3iZmlre2d3r7x/0NJRoghtkohHqhNgTTmTtGmY4bQTK4pFwGk7GF/P/PYTVZpF8t5MYuoLPJQsZAQbKz3coEskEHms9csVt+pmQMvEy0kFcjT65a/eICKJoNIQjrXuem5s/BQrwwin01Iv0TTGZIyHtGupxIJqP80OnqITqwxQGClb0qBM/T2RYqH1RAS2U2Az0oveTPzP6yYmvPBTJuPEUEnmi8KEIxOh2fdowBQlhk8swUQxeysiI6wwMTajkg3BW3x5mbRqVc+tendnlfpVHkcRjuAYTsGDc6jDLTSgCQQEPMMrvDnKeXHenY95a8HJZw7hD5zPH8xDjxY=</latexit><latexit sha1_base64="was+mSbSq46P3R2ZI/oGY1FZZfQ=">AAAB8HicbVBNSwMxEJ2tX7V+VT16CRbBU9ktgl6EoggeK9gPadeSTbNtaJJdkqxQlv4KLx4U8erP8ea/Md3uQVsfDDzem2FmXhBzpo3rfjuFldW19Y3iZmlre2d3r7x/0NJRoghtkohHqhNgTTmTtGmY4bQTK4pFwGk7GF/P/PYTVZpF8t5MYuoLPJQsZAQbKz3coEskEHms9csVt+pmQMvEy0kFcjT65a/eICKJoNIQjrXuem5s/BQrwwin01Iv0TTGZIyHtGupxIJqP80OnqITqwxQGClb0qBM/T2RYqH1RAS2U2Az0oveTPzP6yYmvPBTJuPEUEnmi8KEIxOh2fdowBQlhk8swUQxeysiI6wwMTajkg3BW3x5mbRqVc+tendnlfpVHkcRjuAYTsGDc6jDLTSgCQQEPMMrvDnKeXHenY95a8HJZw7hD5zPH8xDjxY=</latexit>

a
2 +

b
2 +

c
2 =

d
2

<latexit sha1_base64="OhUJK9QYDym7ZXuy5c7KndsSLsM=">AAAB/3icbVDLSsNAFL2pr1pfUcGNm8EiCEJJiqAboejGZQX7gDaWyWTSDp1MwsxEKLELf8WNC0Xc+hvu/BunaRfaemAuh3Pu5d45fsKZ0o7zbRWWlldW14rrpY3Nre0de3evqeJUEtogMY9l28eKciZoQzPNaTuRFEc+py1/eD3xWw9UKhaLOz1KqBfhvmAhI1gbqWcf4PsqOkV+XomplygwtWeXnYqTAy0Sd0bKMEO9Z391g5ikERWacKxUx3US7WVYakY4HZe6qaIJJkPcpx1DBY6o8rL8/jE6NkqAwliaJzTK1d8TGY6UGkW+6YywHqh5byL+53VSHV54GRNJqqkg00VhypGO0SQMFDBJieYjQzCRzNyKyABLTLSJrGRCcOe/vEia1YrrVNzbs3LtahZHEQ7hCE7AhXOowQ3UoQEEHuEZXuHNerJerHfrY9pasGYz+/AH1ucP2s+SxA==</latexit><latexit sha1_base64="OhUJK9QYDym7ZXuy5c7KndsSLsM=">AAAB/3icbVDLSsNAFL2pr1pfUcGNm8EiCEJJiqAboejGZQX7gDaWyWTSDp1MwsxEKLELf8WNC0Xc+hvu/BunaRfaemAuh3Pu5d45fsKZ0o7zbRWWlldW14rrpY3Nre0de3evqeJUEtogMY9l28eKciZoQzPNaTuRFEc+py1/eD3xWw9UKhaLOz1KqBfhvmAhI1gbqWcf4PsqOkV+XomplygwtWeXnYqTAy0Sd0bKMEO9Z391g5ikERWacKxUx3US7WVYakY4HZe6qaIJJkPcpx1DBY6o8rL8/jE6NkqAwliaJzTK1d8TGY6UGkW+6YywHqh5byL+53VSHV54GRNJqqkg00VhypGO0SQMFDBJieYjQzCRzNyKyABLTLSJrGRCcOe/vEia1YrrVNzbs3LtahZHEQ7hCE7AhXOowQ3UoQEEHuEZXuHNerJerHfrY9pasGYz+/AH1ucP2s+SxA==</latexit><latexit sha1_base64="OhUJK9QYDym7ZXuy5c7KndsSLsM=">AAAB/3icbVDLSsNAFL2pr1pfUcGNm8EiCEJJiqAboejGZQX7gDaWyWTSDp1MwsxEKLELf8WNC0Xc+hvu/BunaRfaemAuh3Pu5d45fsKZ0o7zbRWWlldW14rrpY3Nre0de3evqeJUEtogMY9l28eKciZoQzPNaTuRFEc+py1/eD3xWw9UKhaLOz1KqBfhvmAhI1gbqWcf4PsqOkV+XomplygwtWeXnYqTAy0Sd0bKMEO9Z391g5ikERWacKxUx3US7WVYakY4HZe6qaIJJkPcpx1DBY6o8rL8/jE6NkqAwliaJzTK1d8TGY6UGkW+6YywHqh5byL+53VSHV54GRNJqqkg00VhypGO0SQMFDBJieYjQzCRzNyKyABLTLSJrGRCcOe/vEia1YrrVNzbs3LtahZHEQ7hCE7AhXOowQ3UoQEEHuEZXuHNerJerHfrY9pasGYz+/AH1ucP2s+SxA==</latexit><latexit sha1_base64="OhUJK9QYDym7ZXuy5c7KndsSLsM=">AAAB/3icbVDLSsNAFL2pr1pfUcGNm8EiCEJJiqAboejGZQX7gDaWyWTSDp1MwsxEKLELf8WNC0Xc+hvu/BunaRfaemAuh3Pu5d45fsKZ0o7zbRWWlldW14rrpY3Nre0de3evqeJUEtogMY9l28eKciZoQzPNaTuRFEc+py1/eD3xWw9UKhaLOz1KqBfhvmAhI1gbqWcf4PsqOkV+XomplygwtWeXnYqTAy0Sd0bKMEO9Z391g5ikERWacKxUx3US7WVYakY4HZe6qaIJJkPcpx1DBY6o8rL8/jE6NkqAwliaJzTK1d8TGY6UGkW+6YywHqh5byL+53VSHV54GRNJqqkg00VhypGO0SQMFDBJieYjQzCRzNyKyABLTLSJrGRCcOe/vEia1YrrVNzbs3LtahZHEQ7hCE7AhXOowQ3UoQEEHuEZXuHNerJerHfrY9pasGYz+/AH1ucP2s+SxA==</latexit>

e i✓
=
cos(✓) +

i sin(✓)
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