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Motivation :
e QIS for plasma physics?
-- can we devise a unitary time evolution algorithm for Maxwell egs.?

¥(t+At) =UU,.U,....U ¥(t)
e since the 1930’s connections were sought between Maxwell — Dirac.

e can these 3D QLA Maxwell codes be more efficient than classical
codes on current classical supercomputers -- parallelization , memory ?

e.g., 3D QLA for spinor BECs :

no saturation to over 786,432 cores (Mira)



e guantum lattice algorithm (QLA) for the Maxwell equations
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1D INHOMOGENEOUS MEDIUM, refractive index n(x)
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QLA : collide-stream

1D QLA-x or y : 8 qubits/lattice node
z— direction : 16 qubits/lattice node
QLA : INTERLEAVED SEQUENCE OF NON-COMMUTING
COLLIDE-STREAM OPERATORS

- COLLISION OPERATORS LOCALLY ENTANGLE
THE QUBITS AT EACH LATTICE SITE ,

- STREAM OPERATORS MOVE THIS ENTANGLEMENT
THROUGHOUT THE LATTICE.

potential operators

Unitary operators One or more
Hermitian operators



Some 1D QLA simulations (z-inhomo.) : hyperbolic secant pulse
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No boundary conditions at interface : initial value problem
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t = 19000 , Ex, By
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S(t) = / E(z,t) x B(z,t) - ndz
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Excellent energy conservation in the quasi-asymptotic states

- dips in S(t) occur in time intervals when the pulse
straddles both refractive media, and the outward normal

is not that easily determined.
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SUMMARY of 1D QLA SIMULATIONS

e all the standard Fresnel jump conditions of a PLANE wave at a dielectric discontinuity
are verified by QLA simulations

- 1802 phase change in Ex when one moves from low-to-high n(z)...

- 1802 phase change in By when one moves from high-to-low n(z)...
EXCEPT the ratio of transmitted to incident Electric field amplitude.

5 ny — Ny E All QLA simulations show this result :
: ny + no s - pulses: Gaussian, exponential , sech ....
M4 na - for different choices of ny, n,
EFy = —— [/ — Ep. - for different perturbation parameters &€

ny, + N9 I

A theory for Gaussian pulses has been developed that vindicates these results

- Ram, Vahala, Vahala and Soe : arXiv 2108.06880 (2021), AIP Advances (2021)



THEORY for this extra factor for Gaussian pulses

Refractive index discontinuity at z=0 E |
Consider an incident Gaussian pulse ~ Ej(z.1) = ——— e~(z—u1t+207/(2%) ¢ for » < 0,

/4 \Jo

Normalization J-_wdz‘E,(Z’t)’ :Eé with O the width of pulse

E

Eg(z,t) = m e~ Gratut)’/(290) ¢ for 2 < 0,
Reflected and transmitted fields: E
't —(z—z2—12t)%/(202) = o
Er(z,t) = witye e~ (=2=ut)’/(293) % for 2 > 0,
_ _ _ (s 2o O’k | i(zvzyu)
Decompose these pulses into their plane wave representations E,(Z,t):z—J dkE0 T eXp| — > e
Y~ T

I

Integrand is the plane wave repr.

Similarly for the plane wave representations of the reflected and transmitted pulses.
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1D-QLA and THEORY *

THEORY:
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2D QLA : tensor product of x-z 1D propagations

1D pulse propagating in x-direction : only initial non-zero fields: Ey(x,t) , Bz(x,t)

- interacts with a localized 2D dielectric, with n=n(x,z)
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EFFECT of DIELECTRIC GEOMETRY on the RESULTANT Ey-FIELD
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Gaussian Wave Packet : dielectric cylinder n,=3 : 242 < x’<270
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SUMMARY

* developed a QLA for Maxwell Egs. in scalar dielectric media (initial value code)
- as its cousin QLA for spinor BECs, it is ideally parallelized to all available cores
- a 3D simulation requires only 16 qubits/lattice site

« for 1D initial pulse

- excellent conservation of energy

- " : . E 2n,
- initial value code, no boundary conditions at dielectric interfaces trans —
- recover all the standard plane wave jump conditions except k. mtn\n

- a theory for Gaussian pulses at sharp boundaries has been developed

n

+ QLA mesoscopic representation recovers Maxwell to 0(82) where € s a perturbation parameter introduced
into the collision operators
- ¢ is the (normalized) speed of light ¢ in a vacuum
- linear QLA is numerically stable for all € <1

+ QLA for Gaussian wave packet : diffraction/interference

+ Extending QLA to tensor dielectric media and eventually to the cold plasma dielectric tensor.



