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Major achievements

Achievement 1: Formulation of the spin-orbital separation concept

(A) Together with my theoretical and experimental co-workers about 13 years ago we came
up with an idea that in a 1D interacting electronic system electron’s orbital quantum
number can split from the spin and move separately as a so-called orbiton. In general,
this concept is somewhat similar to the established spin-charge separation (splitting of
electron’s spin and charge quantum number)—though a number of subtle differences
between these two ideas exist. We published few of works on this problem, starting with
the theoretical foundations [1] and then describing several experimental realizations |2,
5-6] and further theoretical descriptions [3,4].

(B) My role: coming up with the concept, performing the analytical calculations, interpre-
ting the experiments.
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Achievement 2: Complete understanding of ARPES on undoped cuprates

(A) Over the last years, together with my colleagues, I have been following a program whose
main aim is to fully understand the ARPES spectra of the undoped cuprates. On the
theoretical level this translates into a thorough comprehension of the properties of one
hole that is being added to the undoped ¢-J and Hubbard models. All of our main
achievements are centered around the concept that to understand this problem one
needs to go beyond the idea of a “hole coupled to linear spin waves”:
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e we attributed the onset of the dominant (the “waterfall”) feature of the 2D Hubbard
spectrum to the so-called three-site terms [1],

e we understood the origin of the differences between a hole in the 1D and 2D an-
tiferromagnets (i.e. the collapse of the string potential and onset of spin-charge
separation) as following from the special role played by the magnon-magnon inte-
ractions and the hard-core nature of the bosonic magnons in 1D [2-3],

e finally, we showed that the hole in the 2D Neel antiferromagnet is never in a
strictly linear potential, which contradicts the generally accepted paradigm [L.N.
Bulaevskii et al., JETP 27, 836 (1968)], cf. [4].

(B) My role here was centered around postulating the above questions, giving first intuitive
answers to them and developing some of the analytical calculations.
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Achievement 3: Intuitive understanding of a spinon exciation

(A) One of the hardest to understand collective excitations in a quantum many-body sys-
tems is a “spinon” — a fractional excitations that carries just a fraction of electron’s
quantum number. While such a mathematical description of this excitation has been
postulated more than 40 years ago, its intuitive understanding has been lacking. Hence
we recently suggested how one can visualise a spinon as an extra spin site that is being
added to a spin chain which, approximately can be described as a collection of the
so-called valence bond singlets. In this scenario, a spinon moves by “fHowing” in the
“sea” formed by valence bond singlets. This scheme was experimentally confirmed by
C. Zhao et al., Nature Materials 24, 722 (2025).

(B) My role here was to formulate and execute this concept — which we jointly did with
Mona Berciu and Milosz Panfil.
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Students, grants, longer visits after my postdoctoral stays

(A) Three graduated PhD students (one in 2021 and two in 2023; one cum laude); three
PhD students starting in autumn 2025.

(B) “Sonata-bis” grant (2017-2023) and “Opus” grant (2025-2029) of the Polish grant
agency NCN; several smaller grants.

(C) Referee for the grant agencies: ERC (EU), SNF (Switzerland), DFG (Germany), DOE-
BES (USA).

(D) Visits: University of British Columbia (research; host: prof. Mona Berciu; 08.2018);
Tokyo University of Science (professorship; host: prof. Takami Tohyama; 01.2023);
University of Geneva (professorship; host: prof. Louk Rademaker; 02-04.2024); IIT
Madras (professorship; host: prof. Yasir Igbal; 01-02.2025).



