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We present a fiber-based implementation of a simplified three-state BB84 protocol [1] that accounts
for state preparation flaws (SPFs). Alice uses time-bin encoding to create her states, while Bob
measures the time of arrival in the Z basis and checks the interference in the X basis. To do so, he
uses a superconducting nanowire single-photon detector per basis. In contrast to previous similar
implementations [2,3], we leave enough separation between rounds such that there is no overlap
between the side bins in Bob's X measurement. This simplifies the state characterization. Indeed, we
are able to measure the SPFs by simply running the protocol and letting Bob reveal all of his bits to
Alice. We performed the secret key exchange for different quantum channel lengths and compared
the results by using the security analysis of [1] or our adaptation of the loss-tolerant method [4] to
our protocol. The former assumes perfect state preparation while the latter makes use of our
characterization of the SPFs. Our experimental results show that the invalid assumption of perfect
state preparation may lead to an underestimation of the phase error rate. With our results, we prove
security for the simplified BB84 protocol already used in the high-key experiment of [2] and over
long distance [3] even in the presence of SPFs, and we achieve a secret key rate of 2.75 X 10*bps
over a QC channel of 151km of ULL fiber.
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