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Each paper is accompanied by a “fun fact” that follows from our results.

[BGG24] Approaching the quantum Singleton bound with approximate er-
ror correction

With Thiago Bergamaschi and Louis Golowich. QIP 2024, STOC 2024. arXiv.

It is well known that a classical code of rate R cannot uniquely decode from more than a (1 — R)/2
fraction of worst-case errors, and a quantum code of rate R cannot uniquely decode from more than a
(1 — R)/4 fraction of worst-case errors. Both of these bounds are somewhat “fake,” but in very different
ways—as demonstrated by our work.

Classically, it is known that the robustness basically doubles to 1— R if you assume that the error channel
is computationally bounded [MPSWO05; SW25]. Any better than that is impossible for fundamental
reasons: It would let you send more than n bits with only n bits.

Our work [BGG24] started with the question: Can we similarly improve the robustness of quantum
codes using computational assumptions? Surprisingly, we found that computational assumptions are
not necessary! We constructed approrimate quantum error correcting codes that are robust to errors on
up to (1 — R)/2 qubits. Any better than (1 — R)/2 is impossible for fundamental reasons: It would let
you clone a quantum state.

An approximate quantum error correcting code allows the state to be recovered up to inverse-exponential
error. In stark contrast to the classical case, allowing for this tiny approximation error completely
changes the picture of what’s achievable.

Fun fact: Whereas there is a gap between what is achievable against computationally unbounded
and bounded channels in the classical case, our work shows that the gap disappears in quantum error
correction.

[GM25] Quantum one-time protection of any randomized algorithm
With Ramis Movassagh. CRYPTO 2025. ¢Print.

A one-time program is a program that can be evaluated exactly once before it “self-destructs” [GKROS].
In the classical model of computation, one-time programs do not exist without specialized hardware
assumptions: the adversary can always simply copy the program description to run it many times.
While this barrier could be overcome in the quantum case, other barriers remain. For instance, it was
observed in [BGS13] that deterministic programs cannot be one-time protected even with quantum
computation. Later works constructed one-time programs for particular randomized functionalities,
such as digital signatures [BS16].

In our work and the work of [Gup+25]—which appeared simultaneously—we considered the question
of one-time protecting arbitrary randomized programs. We presented a scheme and proved a limited
version of one-time security in a classical oracle model. Our security notion said that if the oracle is
used to evaluate the program once and the output is measured, then the adversary cannot get the oracle
to answer any further queries. Note that this does not preclude, for instance, the possibility that one
might learn a complete description of the program from a single output—in this case you could evaluate
the program on further queries without consulting the oracle.


https://arxiv.org/pdf/2212.09935.pdf
https://eprint.iacr.org/2024/1798.pdf

Fun fact (Lemma 1): If H is a random oracle allowing for quantum queries and f(z;r) is any function
with high entropy over random r, then the function = +— f(x; H(z)) is collapsing.

[CG24] How to use quantum indistinguishability obfuscation
With Andrea Coladangelo. STOC 202). ePrint.

We considered quantum state (indistinguishability) obfuscation, where a quantum description of a (clas-
sical) circuit is obfuscated. Note that this type of obfuscation is incomparable to typical obfuscation of
a classical circuit: on the one hand, it is necessary that quantum states can be supplied as inputs to the
obfuscator; on the other, quantum states are permitted as outputs. Once this somewhat strange kind of
obfuscation has been defined, it is easy to see that any such obfuscator is best-possible copy protection.
The main technical work in our paper was devoted to proving that it is not only best-possible copy
protection for every program, but that it actually is copy protection for every puncturable program.
We also presented a construction of a quantum state obfuscator in a quantum oracle model, which was
later superseded by a construction in a classical oracle model due to [BBV24].

Fun fact: If it is possible to copy protect a given functionality, then copy protection for the functionality
can be achieved by simply applying quantum state obfuscation to it.

[GIMZ23] Commitments to quantum states
With Nathan Ju, Fermi Ma, and Mark Zhandry. QIP 2023, STOC 2023, invited to the SICOMP

Special Issue. ePrint.

What does it even mean to commit to a quantum state? Whereas classically, binding simply means
that I cannot create two valid openings, in the quantum case it could be possible to construct two
valid openings across a period of time without ever holding both openings simultaneously. Therefore
the typical security game considered in the classical setting completely fails to capture the range of
adversarial capabilities.

Whereas one might expect the binding security game to become more complicated as a result of this,
it turns out that it actually becomes simpler: In the quantum case, binding means that the committed
state is hidden from the sender [GJMZ23]. This counter-intuitive definition can be though of as a
version of collapse-binding security [Unrl6], but in both bases. As a result of this simple definition, it
turns out that succinct quantum state commitments can be built from just one-way functions (whereas
they require collision-resistant hash functions in the classical case). Our flagship application of quantum
state commitments is a 3-message succinct argument for NP from just one-way functions, which extends
to all of QMA assuming the quantum PCP conjecture.

Fun fact: For commitments to quantum states, binding is the same as hiding.

[GKNV25] Classical commitments to quantum states
With Yael Kalai, Anand Natarajan, and Agi Villanyi. QIP 2025, STOC 2025. ePrint.

There is a well-known method for “committing” to quantum states using classical messages due to
[Mah18], but it is only binding in one basis. That is, one can commit to a state and then later decide
to open to either |[+) or |—). In [GKINV25] we found that this scheme can actually be turned into one
that is binding in both bases.

We were able to use our construction to give a new classical succinct argument system for QMA assuming
just LWE—removing the requirement of indistinguishability obfuscation from prior systems.


https://eprint.iacr.org/2023/1756.pdf
https://eprint.iacr.org/2022/1358.pdf
https://eprint.iacr.org/2024/606.pdf

Fun fact: Using the measurement protocol of [Mah18] twice—once in each basis—surprisingly yields a
fully-binding commitment scheme for quantum states.
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