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Fusion from Magnetic Confinement
•  Sun :  plasma flares  -   nuclear fusion (gravitational forces) 

ITER :  weight  23,000 tonnes Vacuum vessel – heavier than Eiffel Tower

•  EARTH :  magnetic confinement D + T  à  n  +  ⍺
3 parameters (Lawson criteria) :
 density, temperature, confinement time



•  particle motion in E, B - fields

•  collective effects of plasma in E, B - fields

MAXWELL    EQUATIONS

Closure :   constitutive equations describe the effects of the fields
                   on the plasma medium self-consistently

Simplest model:



SOLUTION TECHNIQUE :        (a)  classical supercomputers  -   parallelization critical

                                                                   (b)  quantum computer  --  unitary evolution on a qubit basis

                 (c)  unitary algorithm but also ideal for classical supercomputers

Classical Quantum
QUANTUM ENTANGLEMENT

Tensor product of 2-qubits :  

will NEVER recover the state

- entangled state
  -   a Bell state



•  Quantum Parallelization

3 (classical) bit register

000  = “0”
001  = “1”
010  = “2”
011 =  “3”
100= “4”
101 = “5”
110 = “6”
111  = “7”

A classical register
can be in only ONE
unique state, at any 
given time instant:
  e.g.,  |011> = “3”

i.e.,  we can create a quantum register in which we can simultaneously and
         independently store ALL 8 possible basis states at the same time instant.
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Spin-1 BECs

Formation of 
Quantum loop 
vortices

t = 0:  12 line
Vortices/ms

Grid 8643Baker-Campbell-Hausdorff (lowest order) :

summable to all orders

tri-idempotent operator

3 coupled NLS eqs.

m-1                                      m0                                    m1

"𝜓 = 	𝜓!"	 𝜓$	 𝜓" %

QLA :  fully unitary,   6 qubits/lattice node

•  Time evolution :  



7Parallelization of 
QLA 
on Classical 
Supercomputers 
(Mira)    [2016]

1.174 PetaFlops

94.1% parallel efficiency

786 432 cores – 
100% parallelization

(Tim Williams)



82D ELECTROMAGNETIC SCATTERING from TENSOR DIELECTRIC OBJECTS 

Pde’s

6 qubits/lattice node

CX – Unitary Collision Operator forms 2-qubit
         entanglements

CY – Unitary Collision Operator forms 2-qubit
         entanglements

Coupling q1 – q5
                 q2 – q4

Coupling q0 – q5
                 q2 – q3
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Non-unitary 
External potentials

QLA : 2nd order accurate scheme

Can rewrite VX and VY as a linear sum 
 of unitary matrices  (LCU method - Childs et. al.)

- in principle QLA, as an initial value problem, could be run on an error-correcting qubit 
quantum computer.
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ConeScattering of a 1D Electromagnetic Pulse
off of scalar dielectric object:
          - dielectric cone
          - dielectric cylinder

Cylinder

Grid:  81922

Conservation of Energy

No internal boundary conditions :  initial value problem



cylinder

cone



cylinder

cone



Refr. Index
  n1=1
  n2=3

i.v.p
Gaussian
Pulse
Scattering 
from circular
dielectric



i.v.p
Wave packet 
scattering from
cone



Initial Value Problem,
Gaussian wavepacket
scattering from an
elliptical dielectric cyinder

n1=1
 n2=2

Refractive index

(ellipse)







FUTURE WORK
(1)  QLA for scattering from 3D objects

(2)  Tensor dielectric – dispersive, dissipative (collisional cold plasma)

- treat classical dissipative system as an “open-quantum” system :  non-unitary system

-  introduce appropriate Kraus operators

-  treat the environment as a single qubit-system
  (c.f., quantum amplitude channel for vector spontaneous emission)

-  find the dilated Hilbert space in which the resultant dynamics is now unitary
       [Koukoutsis et. al.,   arXiv:2308.00056v1]

- develop QLA for this higher dimensional Hilbert space unitary systems

(3) Nonlinear 2 fluid equations + Maxwell :   Madelung transformation on the GP BEC-equations
                              - quaternions to eliminate quantum pressure terms, nonsingular classical vortices
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Theory: Unitary Algorithm for Maxwell Equations in Anisotropic Dielectric Media  

Constitutive 
Equation    

d  = W u

è W Hermitian

è Maxwell  i.v.p with Hermitian operator

è 

is not Hermitian ,   since

è not yield a unitary repr.{u} - basis will 

•  Homogeneous Media Is Hermitian  è   {u} – basis for a unitary representation.

•  INHOMOGENEOUS MEDIA :  

Basic Fields        
Derived Fields   d  = (D , B)T

,

è

u  = (E, H )T
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DYSON  MAP

Consider map :  u  à  U  s.t with

è , but now HD is Hermitian

è


