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THE BLACK SCHOLES EQUATION

Black and Scholes discovered that we can 

know with certainty the value of an Option if 

we are able to eliminate the elements 

generating uncertainty. Defining the portfolio:

Where the investor holds the Option and then 

short sells the amount      . Ito calculus 

suggests:



Under the assumption of a risk-free rate of 

return, the condition:

Must be satisfied. After mixing all the 

previous equations, we get:

Which is the Black-Scholes equation



ASSUMPTIONS OF THE BSE

1). The spot interest rate r is a constant.

2). In order to create a perfect Hedged portfolio     
, the Stock is infinitely divisible, and in 
addition it is possible to short-sell the Stock.

3). The portfolio satisfies the no arbitrage 
condition.

4). The portfolio can be rebalanced 
continuously.

5). There is no fee for transaction.

6). The Stock price has a continuous evolution.



HAMILTONIAN FORMULATION OF 

THE BSE

After doing the change of variable            , with                                                                         

,                     , then the BSE, becomes:

The resulting Hamiltonian is non-Hermitian, since



DOUBLE SLIT IN QUANTUM FINANCE: 

WHAT IS IT?

This figure shows the standard double slit experiment 

in quantum Mechanics. We will illustrate first how the 

concept of weak-value can be introduced here.  



DEFINITION OF WEAK VALUE

is the pre-selected state and            is the post-
selected state. The evolution in time of the Weak-
value is represented by:  

In ordinary QM,                                 is unitary. 

By considering:



With the Kernel defined as 



THE WEAK VALUE IN FINANCE

The BS Kernel is defined as 



For the evolution from the double slit toward the

screen. If we want to describe the evolution in the

opposite way, namely, from one single price of the

Option, toward a pair of prices represented by the

slits, then we get:



GRAPHICAL REPRESENTATION OF THE 

IDEA OF DOUBLE SLIT IN QUANTUM 

FINANCE 



ANALYSIS OF REAL CASES

This is the plot of Apple during summer in 2016. The 

concept of Weak-value and double slit experiment 

perfectly adapts to the situations marked with the 

arrow.



POSSIBLE VARIATIONS FOR THE 

FINANCIAL EQUATIONS: POSSIBLE 

CONSEQUENCES

If we add non-derivative terms to the 

Hamiltonian, with two free-parameters, we can 

have spontaneous symmetry breaking in 

Quantum Finance.



MULTIPLICITY IN THE MARTINGALE 

CONDITION 

The martingale condition expressed in a 

Hamiltonian form, corresponds to a vacuum 

condition as follows:

Under spontaneous symmetry breaking, the 

martingale condition becomes degenerate, 

even in a complete market. What does it 

mean? 



CONCLUSIONS PART I OF THE PRESENTATION

1). The concept of Weak Value can be extended to 
Quantum Finance.

2). This concept is useful for describing situations 
with high degree of uncertainty in some specific 
moment. 

3). For real situations, potential terms could be 
introduced inside the BS equation for introducing 
some effects. 

4). The martingale condition becomes degenarate by 
introducing some special potential terms inside the 
financial Hamiltonian. The meaning of this concept 
inside Quantum Finance is under exploration. 



A MATHEMATICAL MODEL FOR THE LOSS OF STORAGE 

CAPACITY AND MEMORY: A POSSIBLE MECHANISM OF 

ALZHEIMER.

Taken from https://medium.com/@ksusorokina/image-classification-with-

convolutional-neural-networks-496815db12a8



HUMAN BRAIN

Taken from https://paulvanderlaken.com/2017/10/16/neural-networks-101/



ANALOGY WITH A GAS OF BOSONS 

It is possible to make an analogy between 

neural networks and a gas of Bosons. 

Level of excitation

The energy gap between states is 

Possible states

We consider            neurons. The energy gap 

marks the effort for storing information. The 

effort for storing information, can be reduced if 

we reduce the gap.



ASSISTED GAPLESSNESS

What is assisted gaplessness?

Taken from arXiv:1804.06154 [hep-th].

The Hamiltonian representing the 

interaction of a master mode with the 

assisted ones:



Interaction of modes.

Occupation level of the 

master mode.

Under the excitatory interaction, the effective 

gap becomes

The critical condition is given by 

Under absolute gaplessness, the states become 

degenerate. The degeneracy is:



DESCRIPTION OF A BOSON FIELD

A scalar field, obeying the Bosonic algebra, can be 

expanded in terms of positive and negative 

frequencies

With the vacuum condition 

The same scalar field, could be expanded in terms 

of positive and negative frequencies in terms of 

two pair of modes as



GRAPHICAL ILLUSTRATION: LOSS OF 

INFORMATION

A model illustrating the information loss when only a portion of 

the total modes survive. The b modes define a different vacuum 

in general.                                      

We can connect both modes by using the Bogoliubov transf.



CONNECTION BETWEEN THE VACUUMS 

Then an initial vacuum state, becomes to be a state full 

of particles from the perspective of the b modes 

which define a different vacuum. Similar to Hawking 

radiation. 

Then the coefficient mixing the positive and negative 

frequencies, generates the inequivalence between 

vacuums. Then the character of the interaction might 

change when the Hamiltonian is described in terms of 

different modes. We can assume 



ANALOGY BETWEEN THE GAS BOSON AND NEURAL 

NETWORKS

Neuronal excitation.

Neuronal degree of freedom.Momentum.

Excitation energy threshold of 

the neuron.

Attractive effect of bosons        Excitatory synapse

Taken from 

https://www.123rf.com/p

hoto_17133565_synapse

.html



THE EFFECTS OVER THE SYNAPSE

Taken from 

https://www.istockphoto.com/hk/%E5%9C%96%E7%89%87/synapse?sort=mostpop

ular&mediatype=photography&phrase=synapse

In the original vacuum, the Hamiltonian satisfies 

the ordinary vacuum condition:



For the Hamiltonian expanded in terms of the 
modes     . We want then to investigate how 
the same Hamiltonian can be expressed in 
terms of the modes     , but considering the 
original vacuum as the real one. For these 
latter modes, the trivial vacuum condition is

However, in terms of the original vacuum, we get

Here we are interested in evaluating terms of 
the form    



The relevant terms to evaluate are of the 

form:

Giving us the amount of loss of uncoupled 

master modes of the form 

For the uncoupled assisted modes, we 

have 



ANALYSIS OF THE COUPLED 

MODES 
For the coupled modes, we need terms of 

the form

The effective Hamiltonian, then comes out to be 

of the form:



CHANGES IN THE GAP

Here we have defined terms of the form 

Note that if there is an overlap between the 

modes of the master neuron and  the modes  

for the assisted neurons, then  

We have used this result in the previous analysis. 

If



CHANGES IN THE EFFECTIVE GAP 

Under the previous circumstances, the 

effective gap becomes to be 

Here the quantity                corresponds 

to the amount of assisted modes 

remaining in the system. 

If we only have evaporation of the assisted 

modes, then 



Under the only evaporation of the assisted 

modes, the synapse becomes more 

excitatory because now the master 

modes have to make less effort for 

reaching the gapless condition. However, 

at the same time, there are less states 

available for storing information.

Under the pure evaporation of the Master 

modes, we recover the standard result. 

However, less master modes means less 

capability for reaching the gapless 

condition. 



THE INHIBITORY CONDITION
When there is a simultaneous evaporation of both 

modes, then there is a special condition after 

which the system loss all the capability of 

storing information:

This condition happens when

1).

2).      >>0. Big overlap between the master and 

the assisted modes.

The inhibitory condition is related to a permanent 

loss of the capability of storing information.



CONCLUSIONS PART 2
1). When the coupling between the master modes 

and the assisted ones is excitatory, and if the 
master mode is highly occupied, then there are 
available many patterns of storages at a costless 
price. 

2). The simultaneous evaporation of master modes 
and assisted ones, changes the character of the 
synapse, from excitatory to inhibitory under some 
circumstances.

3). The evaporation of only master modes, does not 
change the effective gap of the assisted modes. 
However, it makes it more difficult to reach the 
gapless condition.

4). The evaporation of only assisted modes, makes 
the effective synapse more excitatory but then 
there are less patterns available for storage.  
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For the case of neural networks, besides the standard books 

talking about it, it is possible to consult the work of Gia Dvali

and colleagues, where he focused in the analogy between 

Black-Holes and neural networks.  Here we have adopted part 

of such analysis. 


