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Abstract: The Bekenstein bound posits a maximum entropy for matter with finite energy confined to a spacetime region. It is often interpreted as a
fundamental limit on the information that can be stored by physical objects. In this work, we test this interpretation by asking whether the
Bekenstein bound imposes constraints on a channel's communication capacity, a context in which information can be given a mathematically
rigorous and operationally meaningful definition. We first derive a bound on the accessible information and demonstrate that the Bekenstein bound
constrains the decoding instead of the encoding. Then we study specifically the Unruh channel that describes a stationary Alice exciting different
species of free scalar fields to send information to an accelerating Bob, who is therefore confined to a Rindler wedge and exposed to the noise of
Unruh radiation. We show that the classical and quantum capacities of the Unruh channel obey the Bekenstein bound. In contrast, the
entanglement-assisted capacity is as large as the input size even at arbitrarily high Unruh temperatures. This reflects that the Bekenstein bound can
be violated if we do not properly constrain the decoding operation in accordance with the bound. We further find that the Unruh channel can
transmit a significant number of zero-bits, which are communication resources that can be used as minimal substitutes for the classical/quantum bits
needed for many primitive information processing protocols, such as dense coding and teleportation. We show that the Unruh channel has a large
zero-bit capacity even at high temperatures, which underpins the capacity boost with entanglement assistance and allows Alice and Bob to perform
quantum identification. Therefore, unlike classical bits and qubits, zero-bits and their associated information processing capability are not
constrained by the Bekenstein bound. (This talk is based on the recent work (https://arxiv.org/abs/2309.07436) with Patrick Hayden.)
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