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Abstract: Penrose and Hameroff suggested that microtubles in living systems functioned as quantum 
computers by utilizing evanescent photons. On the basis of the theorem that the evanescent photon is a 
superluminal particle, the possibility of high performance computation in living systems has been 
studied. From the theoretical analysis, it is shown that the living system can achieve large quantum bits 
computation compared with the conventional processors. 
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INTRODUCTION 

 
 Penrose and Hameroff suggested that microtubles 
in living systems functioned as quantum computers, 
with tublin proteins in macrotubles acting as quantum 
bits of computation[1]. Georgiev has supposed that mind 
is a macroscopic quantum wave governing the 
dynamics of quantum coherent cytoskeletal protein 
system inside the cytoplasm of the brain cortical 
neurons[2]. The cytoskeletal protein conformational 
states are entangled and condensation of evanescent 
(tunneling) photons emitted by the ordered water that 
forms coherent domains in its interaction with the local 
electromagnetic field. Georgiev pointed out that created 
evanescent photons have negative energy and are 
shown to be capable of realizing group velocity faster 
than light velocity in vacuum. It was also proposed by[3-

5] that the conscious process in the brain is related with 
the macroscopic condensates of massive evanescent 
photons generated by the Higgs mechanism. They 
claimed that human consciousness can be understand as 
arising from those creation-annihilation dynamics of a 
finite number of evanescent photons in the brain. In this 
article, the author studies the possibility of much higher 
performance of computation in microtubles of living 
systems, which utilize evanescent photons compared 
with solid state computer systems. 
 
The possibility of faster-than-light speed in the 
quantum region within mictotubles: E. Recami 
claimed in his study[6] that tunneling photons traveling 
in an evanescent mode can move with superluminal 
group speed. The evanescent photon generated in 
macroscopic domain of the dynamically ordered 
structure of water satisfies the following Klein-Goldon 
equation given by: 
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 This equation has the solution for the photon 
traveling in an evanescent mode shown as: 
 

   Et + pxA(x, t) = exp -
h
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  (2) 

 
which corresponds to the superluminal elementary 
particle of an imaginary mass satisfying E2 = p2c2-
m2

*c4. 
 By the Faster-Than-Light (FTL) property of 
evanescent photons, the higher capability of 
computation by living systems is shown as follows. 
 
Uncertainty principle for the superluminal 
elementary particle: From relativistic equations of 
energy and momentum of the moving particle, shown 
as: 
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and 
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we obtain the relation given by 2p / v E / c= .  
 From which, we have: 
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Supposing that ∆v/v2 ≈ 0, Eq. 5 can be simplified as: 
 

    2

vp E
c

∆ ≈ ∆  (6) 

 
 This relation is valid for the superluminal particle, 
which energy and the momentum can be shown 
respectively as: 
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and 
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where m* is an absolute value of the rest mass for the 
superluminal particle.  
 According to M. Park and Y. Park, the uncertainty 
relation for the superluminal particle can be given by[7]. 
 

    p t
v v

∆ ⋅ ∆ ≈
′−
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where v and v′ are the velocities of a superluminal 
particle before and after the measurement and h  is the 
Plank constant divided by 2π.  
 From Eq. 6 and 9 can be rewritten as: 
 

    E t
( 1)

∆ ⋅ ∆ ≈
β β −

h  (10) 

 
when we let v′ = c, where β = v/c.  
 
Energy cost for the quantum tunneling photon 
computation: R. Feynman discussed the possibility of 
a quantum computer that computational energy cost 
versus speed is limited by energy dissipation during 
computation by taking an example of reversible 
computing[8]. According to his idea, the computational 
speed is limited by minimum energy required to 
transport a bit of information irreversibly between two 
devices.  
 Benioff showed that the computational speed is 
close to the limit by the time-energy uncertainty 
principle[9]. Margolus and Levitin have also shown that 
the number of elementary operations that a physical 
system can perform per second is limited by 2E / πh , 
where E is an averaged energy to perform 
computation[10]. From which the minimum energy to 

perform computation satisfy the relation E0 ≈ ∆E, 
where E0 is a minimum averaged energy required to 
perform computation and ∆E is an uncertainty of 
energy to perform computation. 
 Then we have: 
 
    0E / t≈ ∆h  (11) 
 
where ∆t is a operational time of an elementary logical 
operation. 
 Instead of the logical gate using particles moving at 
subluminal speed including photons, energy required 
for the quantum tunneling photon logical gate becomes: 
 

    0E
( 1) t

′ ≈
β β − ∆

h   (12) 

 
 As an uncertainty in the momentum of tunneling 
photons moving at the superluminal speed can be given 
by: 
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where m* is an absolute value of the mass for the 
tunneling photon moving at superluminal speed and ω 
is an angular frequency of the photon, the velocity of 
the tunneling photon can be estimated as[11]. 
 

    1v c 1
t

 
≈ + 

ω∆ 
 (14) 

 
 If we let the tunneling distance be d, the time for a 
photon tunneling through the barrier can be roughly 
estimated as by ∆t = d/v. Then the velocity of the 
tunneling photon can be given by: 
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 If T is the relaxation time of a single qubit and ∆t is 
the operation time of a single logical gate, the figure of 
merit of the computation can be defined as R = T/∆t, 
which is the number of qubits times the number of gate 
operations. 
 As a superposition state of the L-qubits system 
would decoherence approximately 2L times faster than 
the superpotition state of one qubit[12], then the 
relaxation time of the L-qubits system can be roughly 
estimated to be 2−L times the relaxation time of a single 
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qubit computation. Thus the minimum energy required 
to perform quantum computation for the L-qubits 
system can be given from Eq. 11 as: 
 

    LG
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ν
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where νG is the number of gate operations. 
 Similar to this equation, the minimum energy 
required to perform quantum computation utilizing 
superluminal particle can be estimated from Eq. 12 as: 
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Supposing that E0 = E′

0, an increase of qubit size to 
perform computation by superluminal evanescent 
photon compared with the conventional computation 
can be given by: 
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when satisfying ∆L<L, where: 
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Possibility of high performance computation in the 
biological brain: The cytoskelton of biological cells, 
including neurons of the brain, is made up of 
microtubles as shown in Fig. 1[13]. The human brain 
contains about 1018 tublins. Each microtuble is a hollow 
cylindrical tube of tublin proteins , which outer core 
diameter is 25 nm, as shown in Fig. 2.  
 Hameroff and Tuszynski proposed that microtuble 
subunit tublins undergo coherent excitations, which 
leads to the automatic sequence where quantum 
coherence superposition is emerged in certain tublins 
and consciousness is occurred as shown in Fig. 3[1]. 
According to their hypothesis of quantum brain, 
microtuble quantum states link to those of other 
neurons by quantum coherent photons tunneling 
through membranes in biological systems functioning 
in a way resembled as an ion trap computers. In the 
infra-red spectrum region, evanescent photons they 
would propagate losslessly in a microtubule as shown 
in Fig. 4.  
 From Eq. 18 and 19, an increase of qubit size to 
perform computation by the evanescent photon 
compared   with  the  conventional  computation,  when 

 
Fig. 1: Cytoskelton of biological cells, including 

neurons of the brain  
 

 
 
Fig. 2: Hollow cylindrical tube of tublin proteins 
 

satisfying ∆L<L, can be obtained as shown in Fig. 5 
at the wavelength in the infra-red region, when we let d 
≈ 15 nm, which is of the same order as the extracellular 
space between the brain cells. 
 From which, it is seen that the biological brain has 
the possibility to perform high efficient computation up 
to 20 qubits more than conventional silicon processors 
for the infrared light, which wavelength is λ = 100µm, 
with the same energy dissipation.  
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Fig. 3: Schematic diagram of quantum computation 

conducted in a tuble 
 

(a) Structure of the centriole cylinder 

b) Waveguide of visible and infra-red light in the centriole cylinder 
 
Fig. 4: Structure of centriole cylinder comprised of nine 

microtuble triplets(A) and possible waveguide 
including visible and infra-red light (B) 

 

 
Fig. 5: Increase of quantum bits for quantum 

computation at the infrared spectrum region  

 Hence it can be considered that quantum states 
preserved in microtubules by the superluminal photons 
attain high efficient computation compared with the 
silicon processors. 
 

CONCLUSION 
 
 On the basis of the theorem that the evanescent 
photon is a superluminal particle, the possibility of high 
performance computation in living systems has been 
studied. From the theoretical analysis, it is shown that 
the biological brain has the possibility to achieve large 
quantum bits computation compared with the 
conventional processors. Thus it is considered that the 
human brain has the possibility to attain high efficient 
computation process compared with silicon processors.  
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