Evaluation of quantum gain for KCQ protocol using best multi-ary
codes in high or low rate

Mana Yoshida! *

Shogo Usami? |

Tsuyoshi Sasaki Usuda' *

L Graduate School of Information Science and Technology, Aichi Prefectural University,
1522-8 Ibaragabasama, Nagakute-shi, Aichi, 480-1198, Japan
2 School of Science and Engineering, Meijo University,
1-501 Shiogamaguchi, Tenpaku-ku, Nagoya-shi, Aichi 468-8502, Japan

Abstract.

In AQIS2019, we evaluated keyed communication in quantum noise (KCQ) proto-

cols using binary codes that are the best in terms of reliable communications. In this paper,
we consider the best ‘multi-ary’ codes. As a result, it is clarified that the best codes in reliable
communications are not good for KCQ protocols, also in the case of 4-ary signals.
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1 Introduction

Quantum gain is a key concept not only for quan-
tum communications but also for quantum cryptog-
raphy. As the latter applications, there is a keyed
communication in quantum noise (KCQ) [1]. Its
security is based on the difference in performance
of an optimum measurement by the presence of a
key. There are many realization methods of the
KCQ [1]~[6]. We are interested in an asymptotic
property of the KCQ by using classical codes [5, 6].
In AQIS2019, we considered the best binary codes,
which corresponds to [5]. In this paper, we consider
the best multi-ary codes, which corresponds to [6].

2 Overview of Reliability Function

To consider an asymptotic property of the KCQ
by using classical codes, we compute upper and
lower bounds of the reliability function E(R). Here,
we briefly introduce E(R). Let PSP'(n, R) be the
best error probability for n and R, where n and R
are the length and the rate of the code, respectively.
Then it is expressed by the so-called reliability func-
tion E(R) as

P (n, R) = ¢ "E0), (1)

For both classical and quantum cases, the tight up-
per and lower bounds of E(R) are known [7]~[11].
Therefore, we can say E(R) is obtained in sufficient
accuracy. Let Pc and Pg be the best error prob-
abilities obtained by (1) for classical and quantum
cases, respectively.
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3 Quantum Gain

In this study, we consider 4PSK (4-ary phase shift
keying) coherent-state signals. The signals are char-
acterized by the average number of photons Ng.

The quantum gain can be expressed using Ny in
the quantum and classical cases when their error
probabilities P have the same value [12]:

NE(When Pc = P)
N (When Py = P)

Gain = 10log;

[dB].  (2)

4 Result and Summary

Table 1 shows quantum gain property of 4PSK
signals in high and low rates. From Table 1, quan-
tum gain with n = 10000 is almost same as that
with n = 1000000. This means we cannot expect to
obtain huge quantum gain by the best code even if
we lengthen the codeword length. Therefore, what
we need is not the best code but other codes to ob-
tain large quantum gain.

Table 1: Quantum gain [dB] of 4PSK signals.

| R| P | Gan | Gan |
] | n=10000 | n = 1000000 |

0.3 |10 7.716 7.868

0.3 1 7.499 7.890
0210712 8.018 8.291

0.2 1 8.329 8.329

0.1 10712 8.415 8.949

0.1 1 9.031 9.031
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