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TYVVYVYVYVYVYVVVNN Hect-botl, dgorithaic cocling (HEAC)

Algorithmic cooling refers to protocols for extracting a very pure qubit out of an ensemble of qubits
In thermal states [1]. The first algorithmic cooling techniques consisted only of unitary operations

”“‘”““ on the qubits which made them very limited. Lower temperatures (higher purity), can be achieved
using heat-bath algorithmic cooling (HBAC) methods [2], which assume that parts of the cooled system
can exchange heat with a heat bath. We assume that the heat bath can only reset the qubits to its
temperature, although more complex thermalization strategies have been recently proposed [3].

4_,”““‘““ Interestingly, even with the help of a heat bath, there is a lower limit on the achievable temperature.
This limit is achieved by the partner-paring algorithm (PPA) [2,4].
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One of the main challenges with HBAC techniques (including PPA) is that they are highly sensitive
<_>“““““‘ to the state of the cooled qubits. That is, the operations in each iteration depend on the state of the
gubits. This means that picking the right operation requires nearly-perfect knowledge about the
system. In this work, we give an algorithm for reaching the asymptotic cooling state with a fixed,
state-independent operation in each iteration. In the language of quantum thermodynamics, this

”“‘”““ translates to finding a periodic evolution that would make an optimal cyclic cooling process.

F :
00000000000 [t rns

Unlike the previous literature on HBAC, the operations in our algorithm do not depend on the state
of the system. The entire procedure consists of repeating two steps:

1) Compression:
”“‘”““ Apply a fixed unitary to cool a part of the system while heating the rest. Our unitary has
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2) Reset :

Reset the temperature of the rightmost qubit to the temperature of the heat-bath.
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- ”“‘”““ We rigorously estimated the complexity of our algorithm. Since only the diagonal elements of the
heath-bath : : ; : :

density matrix of the system determine the temperature, we formulate our algorithm in terms of

probabilities over computational states. Our process can then be described in terms of a Markov
chain with the transition matrix
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‘_"“““‘m where the polarization € is inversely proportional to the temperature. We analytically compute the

spectrum of T and find the stationary state and the mixing time.
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We present an HBAC technigue whose operations do not require a perfect knowledge of the system

i ”“‘W and give a circuit for executing the compression step. The price we pay is an exponentially slower
caoe convergence compared with existing techniques. However, these existing technigues might require

complicated unitaries to implement compression, which might mean that the complexity of these
Oj)e/v ves*l' 1OA1S

technigues might grow exponentially as well.
@W‘“‘ Does independence on the state guarantee certain robustness? If so, can one derive a threshold for

cooling?
Can one formulate oblivious versions of advanced HBAC methods?

Is it possible to perform oblivious cooling efficiently?
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