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Abstract. Quantum key distribution via satellites enables the technology to be applied at
transcontinental scale; nevertheless, in contrast to fiber systems, using a free-space optical
communication channel presents certain extra technological obstacles. The contribution of the
acquisition, pointing and tracking system’s operation to the potential quantum bit error value
is investigated in this research. The polarization extinction ratio measurements varying with
the pointing mirror angular position are reported, based on these data, the upper limit of the
quantum bit error is predicted for several types of satellite passages.
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Annoramusa. KBaHToBOe pacrpeneieHne KJIOUeil ¢ UCIOIb30BAaHUEM CITyTHUKA TTO3BOJISIET
MPUMEHSTh 3Ty TEXHOJOTUIO Ha TPAHCKOHTMHEHTAJIbHBIX MacliTabax; TeM He MeHee, B
OTJIMYME OT ONTOBOJOKOHHBIX CHMCTEM, HCIIOJb30BAaHME OITMYECKOIO KaHaja CBSI3M B
CBOOOIHOM MPOCTPAHCTBE COMPSIKEHO C OMpeAeACHHBIMU JOMOIHUTEIbHBIMU TEXHUUECKUMU
npengatcTBusMu. Hamu ucciemyercss BeaMuuHa OINMOOK, BHOCUMBIX B IIpoliecce paboThl
CHCTeMBbI cOopa, HaBeJCHUSI U CIIEKEHUs B BEJIMYMHY IMOTEHIIMAJbHON OIIMOKM KBAaHTOBOIO
oura. [IpuBeneHbl pe3yiabTaThl M3MEPEHUN KOI(DDUIIMEHTA TOJSIPU3AIIMOHHON 3KCTUHKIIUY,
U3MEHSIONINECs B 3aBUCUMOCTH OT YTJIOBOTO TIOJIOXKEHUST HaBeleHWs 3epKaja, U Ha OCHOBE
9TUX JAHHBIX MIPOTHO3MPYETCS BEPXHUI IIpeaesl OIIMOKM KBAaHTOBOIO OWUTa IUISI HECKOJIBKMX
TUIIOB TIPOJIETOB CIYTHUKOB.

KioueBbie ciioBa: KBAaHTOBOE paclipe/iefieHue KIoueil, TMoasIpuMeTpus, KoadduimeHt
TOJIIPU3AIIMOHHON SKCTUHKIIMY, ONITUKA CBOOOJHOTO MPOCTPAHCTBA
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Introduction

Satellite quantum key distribution (QKD) requires acquisition, pointing and tracking system
(APT) on both sides of the communication link, most often it is a closed feedback loop consisting
of a controlled fast mirror and a camera [1, 2]. However, angular inclinations of the mirror cause
polarization extinction ratio (PER) conversion during system operation, which negatively affects
the quantum bit error (QBER).

In 2023, the Vector [2] payload was developed and successfully launched into orbit to demon-
strate classical satellite laser communication. Moreover, it is also aimed at testing technical solu-
tions and service systems for the future satellite payload to perform QKD, including APT. Vector’s
APT system uses a 671 nm laser beacon from a ground receiving station as a reference signal,
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detecting it on the camera matrix. APT’s purpose is to tilt the MEMS mirror so that the detected
point on the matrix match with the target point, resulting in parallelism between both optical axis
of the satellite’s transmitting scheme and ground station receiving scheme. Simultaneously, a sim-
ilar procedure occurs at the ground station, which operates using a 525 nm beacon laser mounted
aboard the satellite. The payload optical scheme and satellite general view are shown in Fig. 1
To communicate with the satellite, we use customized Zvenigorod ground station, which was
previously successfully utilized as receiver during satellite QKD experiments with Micius satellite [3].
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Fig. 1. Vector optical scheme. The payload has three apertures: two for downlink
and uplink laser communications and one for downlink beacon laser operation.
LD is the laser diode, M is the mirror, DM is the dichroic mirror,

RP is the 180° reflective prism, SF is the spectral filters, CAM is the camera,
FSM is the fast steering mirror, PD is the photodetector (a); 3D satellite model (b);
general view of the satellite (c)
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Fig. 2. Scanning results for different MEMS angles
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Methods and Results

To assess the expected APT impact, Vector payload optical prototype was used. Its APT active
element is performed by an aluminum-coated MEMS mirror with 5 mm aperture diameter. The
optical signal of the prototype was measured using a polarimeter with +2° deflection angles with
a step of 1° for both axes. Thus, the entire working area of the MEMS mirror was scanned and
PER for these points were measured. The scanning results are presented in Fig. 2.

The lowest PER point angular coordinates are (—2°; 2°), and its value is 0.37 %. Using this
PER as the upper bound of the transmitter error, we estimate the potential maximum QBER.

U Rx x,U
edet:edet+ex s (1)

4 18 the intrinsic error of the receiver when the input beam is perfectly polarized, e™Y
is the upper bound of the transmitter error.

Utilizing the previously published model [4], we estimate the upper bound of the simulated
QBER during a quantum key distribution session for a prospective satellite using a similar APT
optical architecture.

where e®
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QBER (¢)=

where p is the intensity of signal states, €, is the error rate of the background, Y| is the back-
ground signal, n(?) is the link efficiency, e, is the upper bound of an intrinsic error caused by
measurement fidelity.

The predicted QBER function for two satellite passages with different maximum elevation
angles 6, = 32.5° and 6, = 90°, using p = 0.8, ¢, = 0.5, ¥, = 5-10¢ clicks are presented in
Fig. 3. The elevation angle reaches its maximum during the passage at 0 (s) - point, which also
happens to be the instant with the lowest QBER value. The largest QBER occurs at the edges,
when the angle between satellite and the ground station is at its minimum and the distance is at
its maximum.

Fig. 3 shows that, during these QKD sessions, the QBER value remains under 3%; for any
higher PER values, these lines will pass below.
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Fig. 3. QBER modeling results for two different passages

Conclusion
Polarization extinction ratio scanning and quantum bit error rate modeling show the possi-
bility of using such an APT technical solution in the payload design for satellite quantum key
distribution realization.
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