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Questions and Answers

Q: Why bother at all? It is just a trendy and well-funded
band-wagon endeavor that will soon fade out!

A: No! Quantum computer technologies are promisingly advancing
especially 1n the realm of prolonging the “life” of the qubits
(the basic processing units)

Q: Will guantum computers be much faster than
the existing conventional ones?

A: Yes! Quantum Information Science provides us with formulae
for the so-called Quantum Advantage that show that
(for example, comparison between FDTD discretized solvers
and QLAS)
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The differences we must realize to avoid unnecessary hype

s Simulations on QC follow an entirely different philosophy:
In CCs one can produce evolution diagrams for various physical quantities via a single run

»In QC one can produce evolution diagrams for a single observable guantity via multiple
runs of the same Initial preparation each run being terminated at a temporal snap-shot point.
This procedure must be repeated iIf more observable quantities are involved.

¢ This apparent disadvantage of the QC vis-a-vis CC is “diluted” in the vastness
of the Hilbert space involved in QC (as Feynman had envisioned) as well as on
the quantum advantage and speed-up future QCs will offer.

Caveat

Within the rapidly increasing scientific literature on QC, there appear simulation figures
of evolution patterns based on quantum encoding. These simulations are performed on
conventional computers. Their sole purpose is to demonstrate agreement with traditional
simulation to validate as physically acceptable the evolution equation used
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Quantum Simulations
Evolution equation of an any quantum system (Physical or Artificial)

Schrédinger Quantum() Equation: id,|y) = H|y)

Schrodingerized Classical Hermitian generator of dynamics H=H

corresponds to a global conserved quantity

) For the quantum world % must be introduced in the LHS to reflect the smallness of action involved

Dirac augmented state function of space anad
[p):  time that encodes all the relevant (observable-

measurable) information (fields, polarizations,

etc) in a finite series of quantum bits or qubits
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States for a single Qubit

A single qubit is a 2-dimensional Hilbert space M,

Infinite choices

) = Zy|0) + Z1|1), Zy 1 € C: (YY) = |Zp|*+ | Z4]%=1

|0) and |1) (on-off, up-down, etc): They form an orthonormal set
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|YP) = cosglﬂ) + singei‘/’ |1)

Bloch sphere is a unit 2-sphere in C* space
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States of K superimposed Qubits

K superimposed qubits form a 2X-dimensional Hilbert space H,k

Infinite choices

v

P ) ) ) . oK
WY =321 Zi @k ) 1g5) - lak) = 22T Z10Q;), Zi e C

N—  — i=2K
Z_ 1Z;1? =1
Binary form 1=1

For K=1: q1 #q3

Qi = 127t +q325 2 + -+ ;2% qn=1{0,1}
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Product states of K superimposed Qubits

For K uncorrelated qubits (product states),
the combined Hilbert space is the tensor product:

®XK ]HIZ — H2® H2®® ]HIZ

Infinite choices

i=K ¢
0 = | |10y + Zi), Zbs e ez + 2] =1
=1

dim A{®*¥ H,} = 2K  dim/{ H,x} = 2K

Note that:
dimp{®*¥K H,} =3K  dimgp{ H,x}=2K+1 -1

<K The product states occupy a miniscule portion
® Hz C HZK of this space. The whole space is dominated by the
correlated (entangled) states
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Example for a 2-qubit (K=2) product state
H,® Hy 3 1)) = (25 10) + 21 1)) ®(z510) + z7|1))
= Zpo |00) + 2p1[01) + 21(4|10) + z1,[11)
= Zgo |0) + 2p1|1) + 21012) + 211(3)

{Zij} are related to {Z,lc}

Examples for a 2-qubit entangled states (Bell states)

Zoo |00) £ 214[11), 2o [01) £ 21|10), z=

L
V2

They cannot be written down as product states
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Classical versus Quantum Computing

Conventional Computers are based
on bit manipulation via logical gates:
Generally irreversible

Quantum Computers are based
on qubit manipulation via unitary gates:
Completely reversible

[w(©) = U@ [P = 0))
U(t): Unitary Operator

!

Rotation or inversion
on the Bloch Sphere
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Measuring Physical Quantities

Observable-Measurable Physical Quantities

| |IM[y) =gy @MT = (¢

Linear and Hermitian Operators M 1\7[ L 1\7[1-
(so-called “Machines” by John Wheeler) o

1\7[\,11]-) = ,uj\,uj), {uj S [R} {\,uj): complete set}

Real eigenvalues: measurable values of the observable physical quantities

Representation of the state via the —
mutually orthonormal eigenstates Iﬂj) ‘l/)> ] 1 ] | ,Ll] )
of a particular observable {aj - (C}
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Measuring Physical Quantities = Measuring Expectation Values

(M) = j= 1“JP(“J) = (Y|M[))

AVOID common misconception:
Measuring an observable, it is NOT acting with its respective operator M on the state [i)

Collapse of the state vector during measurement:
Measuring an observable with its respective operator being M will randomly
result to i; leaving the state of the system at |u;) with probability P(u;)
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ELEMENTARY SINGLE QUBIT QUANTUM GATES U

Z
/0 1 —
— X — %= (1 0)
( 0 _l) Pauli matrices,
_— Y, — rotation by nt
Y g t 0 around X,y,x
1 0
—HzZ = o=(, 5, _
| H H = 1 (1 1 ) ro:laatliccl)?lrg?c:l?r’\d
v2i 1 -1 zX-axis by n
/1 0 :
J= ( 0 1) Identity

Phase shift
— P — Plp) = (1 0 ) rotation

ip
V¢ around z by ¢

x) =Uly)
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ELEMENTARY TWO-QUBIT QUANTUM GATES

1Y) =al0)|0) + b |0)|1) +c [1)|0) +d [1)|1)
=a|0)+b|1)+c|2)+d|3)

al0)+b|1)+c|2)+d|3) ey a|0)+b|1)+c|3)+d|2)

0 0 0 10)|0) =>|0)|0)
100 10)]1) =>0)[1)
0 0 1 |1)|0) =>[1)|1)
0O 1 O (N |1)|1) =>|1)|0)

o O

a|0)+b|1)+c|2)+d|3) m———=> a|1)+b[0)+c|2)+d|3)

(1) (1) 8 8 T 10)]0) =>[0)]1)

|0)[1) —>[0)|0)
0 0 1 0 A |1)|0) =>[1)|0)
00 01 U 11)[1) =>[1)[1)

Any guantum circuit can be simulated using a combination of C-NOT and X, Y, Z, H, P gates
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QUANTUM CIRCUITS

Combination: C-NOT, H, P, X, Y, Z

Rotation operators: rotation
angle 9 and rotation axis pointing
along the unit vector n

el®e~WN0/2 c §(J(2), ¢ € R

Pauli matrix @ = /.fO'x + ?O'y + Zo,

X,z ,7y being Cartesian unit vectors
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Solving for the state unitary evolution

» The spacial domain is discretized
» The initial state function |y(t = 0))

IS coarsely defined within a narrow spatial domain, lat |¢> = H |7~/J>
> The unitary evolution operator U(t) as well as
the Hermitian operator in the Schrodingerized

evolution equation, at any temporal point, is also
coarsely defined within a narrow spatial domain.

[Y(8)) = U@)[P(t = 0))

l

¢ Coarse graining Is necessary
In order to regulate our choices
for the complex amplitudes involved

—

» Knowledge of the space of the K-qubit
states, as well as the space of the
respective operators, IS necessary

Ability to define distances in these spaces
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Distance between quantum objects (states/operators)

INggémLﬁ/'ON Distances within the respective multi-dimensional space
THEORY they live In: Inner Product Metric (Fubini-Study)
leggﬂvl Distances with respect to Relative Complexity (C)

DESIGN that also bears the properties of a metric
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vV VvV

YV VYV

General Remarks

Most of he issues raised belong to the realm of Computer Science (Computational Complexity, Graph Theory etc.)

The geodesic distance (quantum angular distance) plays an important role.

If states can be close In the inner product sense (separated by a small
geodesic distance) then all their expectation values are close too.

The proximity of the expectation values Is far more essential
for the majority of applications in physical modelling

However, their relative complexity could be very high.
That Is, In @ quantum circult, many gates are required

ne oposite can also be true.
Relative complexity is coming into play in designing quantum
circuits for Quantum Computation on Quantum Computers.
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Spaces K-qubit states and their operators live In

States
Hilbert Space H,«

dimg{ H,k} = 2X*1 — 1

For a single qubit (K=1) is 82
a 2-dimensional sphere of unit radius
In a 3-dimensional space

dimc{ H,x} = 2% BLOCH SPHERE
Operators

Unitary (U) or Special Unitary (SU) Operators:

Space of the Lie Group of N x N (N = 2%) For a single qubit (K=1) is §3
Unitary Matrices U(N) or the subgoup of those a 3-dimensional sphere of unit radius
with Unit Determinant SU(ZK) In a 4-dimensional space

dimg{SU(N)} = 22K-1
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Relative Complexity (€C) between states

spheres of radius ¢ in
a space of the same
dimension as H,x

U,.: simple unitary operations = gates

[ \
hp) T UmUm—l UllX)

up to tolerence ¢

C(¥), |x)) = min(m)

Vol[ ]HIZK]
Vol(S,)

Number of spheres

S #S,
after coarse graining

1
f log#S, ~ 2%2’{ — 1Dlog (E)

Hilbert Space H,« For (K=4,e=1)~21 !l
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Relative Complexity (€) between unitary operators (UOs)

G.: simple unitary operations = gates

A
spheres of radius ¢ in _ [ \
a space of the same U= GnGn—l le
dimension (4%-1) 1
as SU(2X) up to tolerence ¢

C(U,V) = min(n)

\

Number of Uos 4y = Vol[su(2¥)]

after coarse graining N Vol(g)
/ 4 <2K>

log#U = 7log —

V.'---_—

Oyy = cos™!|Tr(UVT)| For (K = 4,e = 1) ~ 444 !
Fubini-Study metric ’
Inner pruduct distance
Important Note cC=>0 c(UU)=0

: C bears the properties
K
Manifold SU(Z ) of a metric cU,V)<e(U,wW)+eWwVv)
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QUANTUM GATES AND CIRCUIT CHARACTERISTICS

6 QUBIT CIRCUIT WITH PAIRINGS : Number of Qubits required
(2 QUBIT OPERATIONS) AT EACH STEP for the overall computational task
— : ‘ \ . Depth: Number M of Single-qubit
6 qubit : ! : : and Feyman gates that are
encoded ; : O 5 E sequentially applied required for the
state : ‘ : : ! overall computational task
1 —O i : =
Pp(0)— | L : I . I . — (T = 3A1))
: : : E PROPAGATION OF INITIAL INACCURACY
: — @ |
o . @ | | e = [[|(0)) — [¥"(0))]
: | : | L (1'(0)[1(0))
. AT . AT | AT | = cos , :
| | | , V@01 (0) (' (0) ]y (0))
= T=AT T=2A1 T=3A1 propagates as ||[(¢)) — [P () < €
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schrodingerizing Maxwell’s equations
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“Schrodingerization” of Maxwell’s Equations:
State and Evolution Operator

) =

_ZZK_

Z;€eC(orR)

Encoding of the
fields E, B, D,
polarizations, etc

(w\z[z’i Z, Zy . . . .Z;K]
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For simple dielectric media with no free sources

Treated as “initial conditions”

V.cE(r,t) =0 V.B(r,t)=0

Six Faraday-Ampere-Maxwell equations

atB(r t) VXB(rt) =

VX E(r,t) =3

0
—E
Bt (r,t)
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Schrodingerizing Maxwell’s equations (uniform dielectric)

Reimann-Silberstein-Weber (RSW) vector F* (r,t) = \% {\/e(r) E (r,t) +iy/o B (r,t)}

Maxwell’s equations in a uniform dielectric

—FF 4 iF) —F, —iF,; 00 10 0 0 —i 0] 1 0 0 0]
Ff _ F; 0 0 0 1 100 0 =i, |01 0 O
W (r, 1) = Fr U (rt) = F- Me=11 0 0 o/M=i 0o 0o ol™T]oo -1 o0
| S +iF | F, —iF 0 1 0 0 0 ¢ 0 0] 00 0 -1
e VM; are Hermitian matrices: M,; = M,;r
e ), are unitary matrices: M,L-®MZ.T:M;®M¢:]I
2 [\WI _ 1 [M-V 0 ] [\Iﬁ' Two uncoupled equations for two 4-spinor states
ot |V~ Vero |0 M*-V] |¥7_ They are coupled in an inhomogeneous dielectric

I. Bialynicki-Birula — 1994, 1996; S. A. Khan — 2005 .
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Schrodingerizing Maxwell’s equations B
(Inhomogeneous dielectric)

Unitary evolution for inhomogeneous dielectric medium
o, _ _
i Q=pW 'Mp~'Q

q1 nyEy 0 ny 0 0 0 0 ( )
_ |92 _ n. k., _ 0 0 n, 0 0 0 n(r) — €(r
Q=101 = |B./vio P=1lo 0o 0 ymw 0 o0 (r) o
q4 By/\/,uo 0 0 0 0 v/ o 0
5| | B:/vio) o0 0 0 0 Vho,
W — _e(r)-]l O3x3 M — [ QSXS iV X
| O3xs  pol —1V X O3x3 |

E. Koukoutsis, K. Hizanidis, A. K. Ram, and G. Vahala. Dyson maps and unitary evolution for Maxwell equations in tensor dielectric media. Phys. Rev. A, 107:042215, 2023.
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Discretization and Quantum Lattice Algorithm (QLA)®

*»»Serles of unitary streaming operators

“» Interspersed with unitary entanglement operators

** And non-unitary potential operators (due to inhomogeneity)
6 qubits per lattice side are necessary

“*The method Is second order In the spatial grid size

(*) More details for the magnetized plasma case

G. Vahala, M. Soe, L. Vahala, A. K. Ram, E. Koukoutsis, and K. Hizanidis. Qubit lattice algorithm simulations of Maxwell’s equations for scattering from anisotropic
dielectric objects. Comput. Fluids, 266:106039, 2023.
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Computational results
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Scattering of a Gaussian® wave packet from
a dielectric circular cylinder of index 3

% . P
( ) Along the propagation y, mfmltely Iong along X 21 EFTC, September 23-26, 2025, Aix-en-Provence, France



Scattering of a Gaussian () wave packet from
a dielectric ellipsoidal cylinder of index 3

(*) Along the propagation, infinitely long along the transvers direction
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Scattering of a Gaussian ") wave packet from a dielectric cylinder \ 3&‘:
of gradually increasing index from 1 (surface) to 3 (axis)

(*) Along the propagation, infinitely long along the transvers direction
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Scattering of a Gaussian ) wave packet from
a dielectric sphere of index 3

(*) Along the propagation (towards the center) , infinitely long along the transvers direction

21t EFTC, September 23-26, 2025, Aix-en-Provence, France



Maxwell’s Equations in homogeneous electron-ion cold plasma

V.ecE(r,t) =0 replaced by ¢,V.E(r,t) = —V.z P@(r ¢t)
a

Gibbsian vector component form of the polarization in the medium for each species (a = e, i)

t
Polarization Pn(la) (r,t) = & f dt K;g?%(t —1)E, (1, 7)

summation
convension

t
Polarization Current ],Sf) = & f dt 0; [K;Cf%(t — 1—)] E,(r,T) adapted

1

Susceptibility
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Susceptibility for cold magnetized plasma in the frequency domain

La + Ra . La o Ra
2 S L
Ko (Oh w) = Ra—Le LatRq
2 2
0 0 P,

The spatial dependence, {x}, Is
In L, and R,

v: dissipation, phenomenological
“collision” frequency

RL“} Left- and Right-handed polarizations
a

Polarizations parallel to the external
|

homogeneous magnetic field

w 2
I P“(1+i%) R P“(1+i%) P ( Z“) C Wca 11
— — — — — s =
T o1+il-eaCq’ Y 14iteaCy’ 1+ T w0 T T
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Schrodingerized Maxwell’s Equations in homogeneous
electron-ion cold plasma withv = 0

iatll/)> — Uem|¢>

The augmented two-species

EM state vector Two-species Schrodingerized EM Hermitian Evolution Operator
[ m U.., = icP. ®[o,8(S.0, +S,9, +S,3,)] + V(r)
H+/11, em em y XX y=y Z=Z
P,
€o
\/l: 100 0O 0 O 0 0 i 0—i O
|l/)> = : Pem - <O 0 0), Sx: (0 0 — l): y: < 0 0 O) ’ Sz: <l 0 0 . Hel’mitian
Véo 000 0 0 0 —i 00 0 0 0
Je
Cl)pe\/go ,
Ji 03,3 03,3 03,3 03,3 —lwyel3y3 —lwpilzyg
w \/g_ 0343 03,3 0343 0343 0343 0343
LYY pive0d .
03,3 03,3 03,3 03,3 33 93><3
e 03,3 03,3 03,3 03,3 0353 33
Hermitian : V(r) = lWpelzy3 03,3 03,3 03,3 WeeS, 03,3
lwpilzxs 03,3 03,3 033 033 WS,
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N

Conserved quantity Sl

EM extended energy density

_ 1 1 2 2 ]8 ]i - ..
E... ==WlY)=Ey+—| |P.|* + |P;|* + Positive definite

2 2&q Wpe Wi

\ EM vacuum energy density
Uem = Ugm > >

P :€0|E| n o lH|
\ °T 2 2
aEext d
” =0 For closed systems: Ef dVE,.; =0
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Multi-Qubit Plasma encoding State preparation

for Implementation
6 Qubit encoding of EM field at Total encoded plasma state at 71, + 6 Qubit encoding
a particular spatial position a particular temporal position n, = log, (NN, N,)
_v1 :
|1/JQ> = 207 Z; |i)
10) & [000000) © E, <> Z, Np _ 1

y 17 2
e () =25 T,

|3) & |000011) & H, & Z;

Z;i |1 Dy Dy jD2j)

|4) & [000100) & H,, < Z, - ~ —

|5) < |000101) & H, & Zs

16) © ]000110) & P, & Zg

17) & [000111) & P, , & Z, - ] ) ) — | ) ) ) I

18) & [001000) & PeZ<—> Zq |l Px,]Py,]pz,] — |l> ® |px,] ® |p3’J ® |pZJ

19) & [001001) © Py, & Zg N\ _/ Spatial Lattice
110) © [001010) & P, & Z;, Ve Encoding

[11) & |001011) & P;, & Zy,

|12) & [001100) © Jo, © Z15 _ L B 5
113) © [001101) © Jo, © Zs Deuterium plasma of electrons and deuterons, confined in volume V = 840 m

with electron temperature at the edge (where the plasma can be treated as “cold”
|14) © |001110) © Jez © Z14 T =10°K (ITERF-)Iike). Then, the gleétron and ioFr)l density n,; ~ 1017m3 and thg
15) & |001111) & J; 5 & Zs Debye length A, ~ 2 x 10=3m. For an electromagnetic wave to propagate
16) < |010000) & Jiy < Z14 Crude example collectively in a plasma the respective wave-length 2 must be greater than Debye
117) < ]010001) & J;; © Z17 length A > A,. In that sense the, best resolution that we can ever achieve in a
plasma wave propagation simulation is in the Debye scale. To achieve such a
resolution, we discretize each spatial dimension. This will lead to N,N,N, =
V /23 ~ 10'* segments. Thus: n, ~ 47. As a result, we must assign 47 + 6 = 53
qubits to encode the plasma state in the interior of the tokamak.
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Multi-Qubit Plasma encoding %“J:idr::‘ugrf ook o

iatll/)> — Uemhﬁ)

Uy = V(1) + icPe,® |0y ®(S, 05 + S,0y + S,0,)|

POTENTIAL PART HERMITIAN KINETIC PART

External unitary operators  Unitary Quantum Walk unitary operators. Discretization length 8, — &, < 8, ~ &
Lattice site depended

' T : |px) = [x0 + Px0x), Dx = 0,1,...N
Lattice qubit implementation g 0 1 FxTalr Bx x

i=17 x—j=2"P-1
() = z o Lo Zij () 1) @ [lpx) ®lpy) @ Ipz)]]. Iby) = Y0 + Py8y), Py = 0,1, ... Ny
1= J=
18 qubit EM information n, = ]og2 (NxNyNz) Ip2) =120 + 026;), P = 0,1,...N,
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Multi-Qubit Plasma encoding Advancing in Time via the
Potential part

POTENTIAL PART
External unitary operators

Related to unitary Lattice site depended
evolution of polarization
_A
\ KINETIC PART

latll/)> — Uemll/)> ‘ Ill'(t + At)) — VOVpe Vpi Vce Vci Uz Uy Ux hb(t)) + 0(62)

Related to unitary rotations
[rotation angles < 6%wye i ce ci ]
that are lattice side depended

Example: rotation
19ce,i x 62 Wce,ci
I 0 0 | I 0 0 ]
6X6 6X6 6X6 6X6 6x6 6X6  |cosYee; —sine,; O
Vce - O6><6 06><6 ;Rgcxeg 03)(3 Vci - 06><6 06><6 I3><3 03><3 ngCXeél)z Sinﬁce,i COSﬁce,i 0
ci
06><6 06><6 03><3 I3><3 06X6 06X6 03><3 “Rgx; _ 0 0 1

®) For uniform magnetic field only V,,, and V,,; are lattice dependent
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Multi-Qubit Plasma encoding Advancing in time via the

Kinetic part
POTENTIAL PART KINETIC PART
. . . 2
i0¢|1)) = Uern [{)) B [1)(¢ + AD)) = VoV, Vi Ve Vi U, Uy, Uy, [19(0)) + O(52)
—
Combination of vectorial differentiation *  Unitary Quantum Walk unitary operators Si(,f('y’Z) )
Spatial differentiation
* Unitary rotations is mixed
U — (x }’,Z) C(ﬁ) (rotation angle « §, -~ 6, ~ 6, - 9) > with EM state
X, V,Z i iecti i
acting locally (projection via P,) C(9) components
m on the EM field subset
of the multiqubit expression for the state Y,
— ~—19Q — Nt
C(ﬁ) € ! Q Q N = NyN,N,

S5 = (il + [K)K]) ® [Pry,e + Ypayel + ) M| @ Ly
n={ij}
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Multi-Qubit Plasma encoding Advantages of

Implementation

Number of Single-qupit and Feyman gates (depth) that are sequentially applied Quantum Advantage
required for a single time-step advancement ]\%te < N = NyNy,N,. —
. . - enera
For localized inhomogeneities: ]\(g‘;te o poly [log(N)] quantum advantage
For FDTD: Nyg2e” o« poly(N) compared with FTDT
Overall ciruit complexity V;’, ., for a total simulation involving ;" time poly(N) 1
steps, At : VL, N7, N o N (QLA operates on At — §2). Thus: V7 ., o N2 N-oo | N3/2
For localized inhomogeneities: V! .., Npoly [log(N)] S SN
For FDTD: NPT oc v/N. Thus: V72 o VNpoly(N) s
compared with FTDT
poly(N)
Quantum Advantage N [
for simulation time T = N7 At ~s VNpoly [log(N)]
> 1

VEersus accuracy ¢
General quantum advantage compared with FTDT

. polyln(&)]] _ (TH\*”°
1«}9135{8 n(e) }'nz(?)
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Schrodingerized Maxwell’s Equations in homogeneous Irzﬂ,mls
electron-ion cold plasma withv > 0

iat‘¢v> — Uem,vw)v>

Uemy = Vo, (1) + icPey® |0y, ®(S,05 + S0, + S,0,)]

NON-HERMITIAN HERMITIAN KINETIC PART
POTENTIAL PART Unitary Quantum Walk unitary operators.
Lattice site depended Discretization length 6, -~ 6, —~ 8, ~ &
-
03,3 03,3 03,3 03,3 —lwyel3y3 —lwpilzx3
0353 0353 0353 0353 0353 03,3
033 0353 0343 0353 I3y3 03,3
Vy(r) = 03,3 0353 03,3 0353 0353 iI33
lwpel3xs 03,3 03,3 03,3 WeeS, = W 03,3
[wpil3x3 0353 03,3 0353 0353 WS, — v
3
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Schrodingerized Maxwell’s Equations in homogeneous
electron-ion cold plasma withv > 0

iath/)v> — (Uem + D)‘lpv): D= Vv(r) - V(T)
e AN

Hermitian Non-Hermitian

For sufficiently small temporal step At < v~1

1, (t + At)) = e"HAVemK|1p,, (1)) + O[(A)?]

N

Unitary Evolution Non-Unitary Evolution
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Schrodingerized Maxwell’s Equations in homogeneous
electron-ion cold plasma withv > 0

The linear combination K, + KZ
(LCU) of unitaries K = >
- I6N><6N O6N><6N O6N><6N- N — NXN_')/NZ
= O6N><6N I6N><6N O6N><6N .
—17 2 = 2 cos 1(—vAt), At < coll — 5
- Osnxen Ocnxen € o/ Ionxon| o
_KZ 018N><18N_
= — t
Uselect — 0 K-I- — |O><O|®Kz + |1><1|®KZ
| V18N X18N A
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Schrodingerized Maxwell’s Equations in homogeneous
electron-ion cold plasma with v > 0

0)+]1)
V2

U= (Uprep®118Nx18N) Uselect (Uprep®118Nx18N)

U = H : Hadamard Gate: |0) —

prep

Quantum circuit for obtaining [y, (t + At)) via U. Repeat this horizontally for all time steps®

0) H H O— 7/ 1—_{on1}
*¥) 1If |0) proceed to
Measurement ( ) the next time step m—-
U —_— at the end of At
U If |1) repeat the
augmented state same time ste
normalized to unit norm Se leCt . P ‘
encodeiﬂ or?lt8 qub?ts until |0)
i ww»{ e ~tAtUem —_}m(t +AD) V=0
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Schrodingerized Maxwell’s Equations in homogeneous
electron-ion cold plasmawith v > 0

Outcome
K, + K] K, — K]
UH10)® Iy ()} = 10)—Z— ¥y (D) + 1) —Z— [, ()
— _/ — _/
28 28
Relevant to |y, (t + At)) Irrelevant (orthogonal) to |, (t + At))

» The success probability for getting |, (t + At)) after N, = T/At repetitions
s |||y, (E+T)HIP=1/e = 0.37

» Therefore, If ones repeat the circuit At-segment vertically for several times has a
good chance in getting the relevant to |y, (t + At)) answer

» The implementation cost compared to the non-dissipative case e times greater.
Thus, the QUAd Is preserved
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Summary

The EM propagation in simple dielectric media and magnetized plasma in the cold limit follows an evolution
of Schrodinger type form which is spatially discretized as a Quantum Lattice Algorithm (QLA)

For non-dissipative processes, the evolution is unitary.

Thus, it can be solved on a Quantum Computer.

Quantum computer technologies are promisingly advancing

The basis of the encoding consists of qubits.

The Hilbert space available is enormous due to the entanglement.

The processes involve unitary operators which are materialized as one and two qubit gates.

Obtaining results follow an entirely different philosophy (vis-a-vis conventional simulations):

* One can only produce evolution diagrams for a single observable quantity via multiple runs of the same
Initial preparation each run being terminated at a temporal snap-shot point. This procedure must be
repeated if more observable quantities are involved. However, the guantum operations are incomparable
faster than conventional simulations.

Quantum Information Science provides us with formulae for the so-called Quantum Advantage that show
that QLAs can be much faster than FDTD operations.

If dissipation comes into play, the evolution is only partially unitary. However, there exist techniques, such as
LCUs to apply. In the latter and in the post-selection phase several runs must be made to obtain the state
vector at the stopping time with success probability as high as possible.
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