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The PhD dissertation presented by Owidiusz Makuta studies entanglement and nonlocal-
ity properties of qubit stabiliser subspaces, in particular regarding their strong form called
genuinely-multipartite. The candidate explores not only the the traditional sense in which the
concept of genuine-multipartite non-classicality is defined, but also the newly-advocated-for
local-operation-and-shared-randomness (LOSR) network sense. Besides the foundational in-
terest in this work, the thesis provides results relevant for the study of resources in quantum
computation, in particular regarding the so-called graph states. The thesis presents solid origi-
nal results, which have been disseminated via four di↵erent papers, two of which have already
been published in high-impact venues. I believe that this PhD thesis constitutes a valuable
piece of work for the research community in the field. It is worth noticing that Mr. Makuta is
first author in three out of the four papers in this thesis (two of which are already published),
and has moreover co-authored other three publications (not included in this PhD dissertation),
which attests to the ability of the candidate to carry out scientific work independently. In
addition, the research carried out in this PhD dissertation required the development and use
of highly technical mathematical tools, which further attests for the candidate’s analytic and
technical knowledge of the topic.

The dissertation is broadly presented in three parts. The first one is a recap of the basic
concepts where the results are framed. The second one pertains to the results regarding tradi-
tional notions of genuine-multpartite entanglement (GME) and genuine-multipartite nonlocality
(GMNL). The third one is about the results on LOSR-network notions for GME and GMNL.
After this, the thesis includes conclusions and outlook.

Let me first comment on the the results discussed in Chapters 3 and 4, pertaining to the
traditional notion of GME and GMNL. Chapter 3 presents the results of Ref. [1]. There, the
candidate studies entanglement in the qudit stabiliser formalism, in particular how to certify
that states are GME. The publication presents a variety of results, including (i) necessary and
su�cient conditions for a qudit stabiliser subspace to be GME (one method for arbitrary local
dimensions and another method for arbitrary prime local dimensions), (ii) upper bound on the
dimension of a GME stabiliser subspace, and (iii) certification of GME stabiliser subspaces in
terms of the negative-partial-transposition criteria. Chapter 4 presents the results of Ref. [2].
There the goal is to study the relationship between GME and GMNL for qubit stabiliser sub-
spaces, in the context of the so-called ‘Gisin conjecture’. The authors show that in this case
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Major comments
The first comment I have pertains to the way the candidate discusses Local correlations in the
preliminaries section.

The student defines local correlations in Eq. (2.44), which then interprets as “a measure-
ment outcome cannot have an immediate influence on the outcome of another, spatially sepa-
rated measurement” (bottom of page 19). Unfortunately, this claim is not an interpretation of
Eq. (2.44) but rather a consequence of it. Indeed, one cannot recover Eq. (2.44) merely from
the claim between quotation marks. For instance, how would one conclude from ‘Alice’s output
cannot influence Bob’s output’ that also ‘Alice’s input cannot influence Bob’s output’, as in the
case in Eq. (2.44)?

I kindly ask the student to fix this. Notice that it is not necessary to include such an intuitive
account of local correlations in Sec. 2.3.3, so the candidate may as well remove that part of the
text.

The other issue pertains to the motivation for a di↵erent notion of GME than the traditional
one. I don’t consider this a ‘major’ issue in the same sense as the interpretation of local
correlations, but rather as a comment that could require some possibly longer discussion.

In the dissertation the student presents the following example. First, a tripartite system in a
Hilbert space H2 ¢H4 ¢H2, prepared on a state |ÂeÍ (defined in the thesis, Eq. (2.67)) which is
GME in the traditional sense. Second, a fourpartite system in a Hilbert space H2¢H2¢H2¢H2,
prepared on a state |ÂÕ

eÍ (defined in the thesis, Eq. (2.69)) which has entanglement depth 2. The
argument then goes as: a simple relabelling of the basis elements of the Hilbert space H4 allows
one to rewrite the state |ÂeÍ (which has entanglement depth 3) just as |ÂÕ

eÍ. The question then
is ‘how can one simple relabelling make a GME state not GME anymore?’. Namely, how could
the assessment of GME be basis dependent? I find the way the student presents the discussion
a bit cumbersome; for instance, it opens the door to asking about the necessity of assuming or
not a physically-relevant subsystem structure of H4. I think that looking at the argument the
other way around might be clearer: you start with four qubits distributed among three parties
and prepared in state |ÂÕ

eÍ, and then by applying a local coarse-graining you obtain a tripartite
system in state |ÂeÍ. How could a simple local coarsegraining increase the entanglement depth
of the state? In principle one would require that the definition of GME be closed under such
local operations. Maybe the student could consider adding in the manuscript such a take on
the example.

Another motivation for the need for an improved definition of GME was presented in Sec. 4
of Ref. [5]. There, an argument was made in terms of resource theoretic arguments and physical
operations. What does the student think of this example, and why did they prefer not to go
down this route? What is the strength of the example the candidate chose to present, which
makes it more suitable for the preliminaries section of this dissertation? The student may choose
to update the manuscript of the dissertation, or simply make some comment during the defense.

Minor comments
Here I present some minor comments and questions on the phrasing of concepts, typos, missing
references, and the like.

• Page 3: the candidate says
“This led to the development of the framework called local operations and shared random-
ness network, which then allows us to construct new definitions of genuine multipartite
entanglement and nonlocality by rejecting all states/behaviors that originate from this
network [35], [36].”
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One of the seminal papers on LOSR-GME and LOSR-GMNL is Ref. [5], which the can-
didate seems to not be aware of. I recommend the candidate to include this citation here
and in other appropriate parts throughout the thesis and the preprints of Ref. [2, 4].

• Page 9, Sec. 2.2.1 first paragraph: typo, it says
“.. the fact that is that ..”
Please delete “is that”.

• Page 11, before Sec. 2.2.2: what does it mean for a stabiliser subspace to be a code? For
completeness I’d suggest to add a small comment/footnote or a reference.

• In general, I suggest the addition of “Ref.” and “Eq.” when referencing to sections,
citations, equations, etc. For example, at the bottom of page 14 it says
“ .. using (2.28).”
I suggest you write “.. using Eq. (2.28).”.

• Page 14, last sentence: typo. It says
“.. computed using (2.28), in the above basis, ..”
I guess there should be a stop and not a comma after “(2.28)”?

• Page 17, after Eq. (2.38). You say
“Intuitively, entangled states are those for which the separate description of the two sub-
systems does not allow us to reconstruct the original state. ”
How do you reconcile this phrasing of entanglement with the concept of ‘local tomogra-
phy’, given that quantum theory is locally tomographic?

• Page 19, top: it says
“This leads us to the local hidden variable model which states that any bipartite proba-
bility distribution of two instantaneous measurements can be described as..”
This phrasing can be misleading, given the “.. can be described ..” part. I suggest
rephrasing it as something like
“This leads us to the local hidden variable (LHV) model. A bipartite probability dis-
tribution of two instantaneous measurements admits of an LHV model when it can be
described as..”.

• Page 19, after Eq. (2.44): it says
“.. (see Ref. for a discussion on this topic [74]) ..”
I guess that the ‘[74]’ is misplaced and should go after ‘Ref.’?

• Page 20, paragraph after Eq. (2.48). In various places you say things like ‘party B can
measure b’ when I guess you mean ‘party B can obtain measurement outcome b’. This is
confusing, because ‘party B can measure b’ can also be understood as ‘the measurement
setting of B is b’. If my understanding of your meaning is correct, I suggest you rephrase
the ‘can measure’ as ‘can obtain measurement outcome’ in the various places.

• Page 26, after Eq. (2.68): it says
“.. this operation is neither invertible nor does it correspond to any physical operation.”
This change of basis is invertible, so I don’t understand in what sense the student says
otherwise. In addition, this change of basis is not always uphysical. So I suggest the
student to rephrase this sentence along the lines of
“.. this operation does not need to correspond to a physical operation.”

• Page 27, first paragraph: typo. It says ”3-paritte” instead of “3-partite’.
• Page 27, second paragraph: typo. It says “M -partie” instead of “M -partite”.
• General comment: the student seems to use ” as opening quotation marks throughout
the thesis rather than “. I suggest the correct latex command is used.

• Page 27, after Eq. (2.71): typo. It says ‘Hilber’ rather than ‘Hilbert’.
• Page 32, last paragraph: typo. It says ‘stated generated’ when it should be ‘state gener-
ated’.
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• Page 32, last paragraph: typo. It says ‘a prior unclear’ when it should be ‘a priori unclear’.
• Page 33, first paragraph. When first mentioning here the state |GHZ3,2Í I’d remind
the reader of its definition. For instance, this could be done by adding ‘(as defined in
Eq. (2.31))’.

• Page 38, second paragraph: I find the second sentence di�cult to parse. I suggest the
text “di↵erent to the one mentioned above” be put between brackets.

• Page 55, last paragraph: typo. It says ‘strait forward’ and it should be ‘straightforward’.
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