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Finite automata (FA) are fundamental computational devices that make binary decisions (yes
or no) using their finite memories (states) after reading a given input once, symbol by symbol.
Quantum FAs (QFAs) are exponentially state-efficient compared to classical FAs when solving
whether the length of an input string is a multiple of some prime number p: classical FAs
require p states, but QFAs are capable of using only log(p) states (with small decision errors)
[1]. In this work, we fix p = 11 and implement an 8-state QFA in a single system.

We use the high-dimensional space of spatial light modes [2]. We construct up to four qubits
from two Laguerre-Gaussian (LG) modes with opposite-signed orbital angular momentum
(OAM) quanta, i.e. l = {±1,±2,±4,±8}. We choose one linear superposition of these modes
(of 16 possible) as the internal state of the 8-dimensional automaton.

Part of the experimental setup is shown in Fig. 1(a). A spatial light modulator (SLM) encodes
onto heralded single photons the state shown in Fig. 1(b). A Dove prism in a beamsplitter (BS)
loop rotates the state (reads a character from the input string) n times with probability 1/2n+1.
We then measure the output state of the heralded photons at an arrival time dependent on n.

The measurement of the output state effectively computes the overlap of the final state with the
initial state after n operations. In Fig. 1(c), we show the simulated acceptance probability of
our 8-state system, which is found to be P = 100% after 11 operations and less than 13% for
all other input string lengths.

(a) Experimental setup. (b) Photon structure. (c) Acceptance probability.
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