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Frustrated quantum spin systems exhibit exotic physics induced by external magnetic field with anisotropic
interactions. Here, we study the effect of nonuniform Dzyaloshinskii-Moriya (DM) interactions on a quasi-two-
dimensional Shastry-Sutherland lattice using a matrix product state algorithm. We first recover the magnetization
plateau structure present in this geometry and then we show that both interdimer and intradimer DM interactions
significantly modify the plateaux. The non-number-conserving intradimer interaction smoothens the shape of the
magnetization curve, while the number-conserving interdimer interaction induces different small plateaux, which
are signatures of the finite size of the system. Interestingly, the interdimer DM interaction induces chirality in the
system. We thus characterize these chiral phases with particular emphasis to their robustness against intradimer
DM interactions.
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I. INTRODUCTION

The competition between different terms in a Hamiltonian
can lead to the emergence of different phases of matter. A
particularly rich set of systems, from this perspective, is that
of frustrated quantum magnets in which different phases,
ranging from ferromagnetism to spin liquid, have been ob-
served [1]. The Shastry-Sutherland (SS) model is a canonical
model to study the emergence of complex quantum phases
resulting from the interplay between strong interactions, ge-
ometric frustration, and external magnetic field. The model
has attracted widespread interest for the unique sequence of
magnetization plateaux that appear in a magnetic field. The
exact ground state of the SS model in zero field is known to
be a direct product of singlets on the dimer bonds [2]. Beyond
this limit, it can be studied using a variety of approximate ana-
lytical and numerical methods [3–11]. Importantly, this model
is relevant in the understanding of the magnetic properties
of SrCu2(BO3)2, a material which manifests magnetization
plateaux which have been observed since two decades ago
[12–14].

The SS model has been investigated also in configurations
different from a two-dimensional (2D) system, but also for
ladders with four spins per rung [6,7] and other finite geome-
tries [15–20].

These geometries reproduce some of the physics present
for 2D systems, thus giving clearer insight and understanding
on them (e.g., the presence of plateaux due to triplets or to
triplet bound pairs [6]). Interestingly, due to the advances in
ultracold atoms experiments, it could be possible to realize
these systems, for instance, with tweezers and Rydberg atoms
[21,22].

In the study of SrCu2(BO3)2 it was pointed out that
Dzyaloshinskii-Moriya (DM) interactions may play a role in

the ground state properties of the system [23,24], motivating
a more in depth study of the effect of these interactions.
Moreover, since DM interaction could potentially be produced
in a large range of magnitudes in ultracold atom experiments
[25,26], we study values of DM interactions which are beyond
what could be found in solid state materials. In this work we
study the SS model on a ladder as shown within the orange
box in Fig. 1(a), and we focus on how DM interactions
affect the magnetization plateaux. We analyze both the effect
of only interdimer or only intradimer DM interactions and
then consider also their combined effect. Using a matrix
product state (MPS) algorithm we show that intradimer DM
interactions, which are non-number-conserving, smoothen
the magnetization curve, while the (number-conserving)
interdimer DM interaction alone induces a staggered chirality
in the triangular plaquettes between dimers. We also show
that this chiral structure is robust in the presence of intradimer
interactions.

This paper is organized as follows. In Sec. II we describe
the Shastry-Sutherland model. We then discuss the numerical
approach used in Sec. III. After that, in Sec. IV we present
our results for the magnetization curve in the presence of DM
interactions and their effect on two-point correlation functions
measured on each dimer, with a particular emphasis on the
emergence of chirality and on the combined effect of both
intradimer and interdimer interactions. Finally, in Sec. V we
draw our conclusions.

II. OUR MODEL

We analyze a 2D Shastry-Sutherland (SS) ladder whose
geometry is shown in the box of Fig. 1(a). It is composed
of L rungs of four spins, two in the horizontal direction,
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FIG. 1. (a) Shastry-Sutherland lattice. J and J ′ labels the in-
tradimer and interdimer bond exchange interactions, respectively.
The orange square indicates a lattice with 4 × 5 = 20 sites where
the periodic boundary condition is applied in the y direction and
the open boundary condition is applied in the x direction. In this
work the lattice size we consider is 4 × 12 = 48. The a and b are
labeling conventions for two-point correlation functions on each
dimer. (b) Schematics of in-plane intradimer DM interactions. The
circled letter A and B indicates the category of horizontal dimer (red)
and vertical dimer (green), respectively. (c) Schematics of out-of-
plane interdimer DM interactions

which we will refer to as the A dimer, and two in the vertical
direction, the B dimer. The four spins are marked as ar,1,
ar,2, br,1, and br,2, where r labels the rung number while
1 or 2 differentiate the two spins within the horizontal or
vertical dimer. We consider periodic boundary conditions in
the y direction, and up to 12 rungs in the x directions with
open boundary conditions, for a total of at most 48 spins.
We study the spin-1/2 antiferromagnetic Heisenberg model
on the SS lattice in an external magnetic field hz applied along
the z direction and Dzyaloshinskii-Moriya interactions. The
resulting SS model is described by the Hamiltonian

H = J
∑

〈i, j〉
SiS j + J ′ ∑

〈〈i, j〉〉
SiS j − hz

∑

i

Sz
i

+
∑

〈i, j〉
Di j (Si × S j ) +

∑

〈〈i, j〉〉
D′

i j (Si × S j ), (1)

where Si is a vector of operators Si = (Sx
i , Sy

i , Sz
i ) =

1/2(σ x
i , σ

y
i , σ z

i ) each element being 1/2 times a Pauli operator
acting on site i. J is the magnitude of the intradimer coupling
(e.g., ar,1 with ar,2 and br,1 with br,2), denoted by 〈i, j〉, while
J ′ is the magnitude of the interdimer coupling (e.g., ar,1 with
br,2 and br,1 with ar+1,1), denoted by 〈〈i, j〉〉. Here i and j are
labels for the spins which map the tuples (r, 1) or (r, 2) to
a single integer. We denote Di j as the intradimer and D′

i j as

the interdimer DM vectors. Given the vectorial nature of the
DM interaction, it is important to specify clearly its direction.
In this work, we mainly follow the convention in [27] as
shown in Figs. 1(b) and 1(c). In particular, the intradimer
term Di, j takes the values DA = (0, D, 0) or DB = (−D, 0, 0)
respectively for the horizontal and the vertical dimers when
i and j correspond to the spins 1 and 2 in the dimer [see
Fig. 1(b)] [28]. For the interdimer interaction, we consider
the vector to take the value D′

i, j = (0, 0, D′
⊥) with the labels

i and j considered in the direction of the thin black arrows
in Fig. 1(c) [29]. While the D′

i, j vector could be pointing also
in a different direction, the chosen direction would reinforce,
together with DA and DB, noncoplanar spin configurations.
The DM interaction thus forms a staggered pattern on the
whole lattice.

III. IMPLEMENTATION OF THE MPS GROUND STATE
SEARCH ALGORITHM

We numerically obtained the ground state of the SS model
as well as magnetization plateaux and two-point correlation
functions using a ground state search algorithm implemented
with MPS [30]. Such method, together with the equivalent and
earlier density matrix renormalization group [31], has proven
to be a powerful numerical approach designed for calculating
the ground state of one-dimensional quantum many-body sys-
tems. It can also be used successfully for certain 2D systems,
including frustrated spin systems, by mapping the 2D system
to a 1D chain with interactions beyond nearest neighbor’s
[32]. The MPS approach is fundamentally a variational one
and, for systems with a complex energy landscape, the al-
gorithm can sometimes get trapped in local minima. Several
techniques have been explored to avoid the algorithm being
trapped in a local minimum, such as adding corrections to the
density matrix [33] or perturbing the interaction Hamiltonian
[32]. In this work, we adopted similar ideas by adding random
disorder on different bonds in the first sweeps. We also add,
in the first sweeps, a small and decreasing intradimer DM
interaction to remove the symmetries in the system and allow
the wave function to vary more freely, similar to [6]. In our
simulations we have applied cylindrical boundary conditions
to the system, i.e., periodic boundary conditions are applied in
the y direction and open boundary conditions are used in the
x direction, and we consider a system with a length of 12 unit
cells, so that the total number of sites considered is then 48,
a system size which allows one to probe various possible
magnetization plateaux. We also use bond dimensions up to
M = 500.

IV. RESULTS

A. Magnetization plateaux and DM interactions

We study the average magnetization in the ground state of
the system as a function of hz using

〈mz〉 =
∑

i

〈ψ |Sz
i |ψ〉

4L
, (2)

where |ψ〉 is the ground state and 4L is the total number of
spins. In the following we set J ′/J = 0.5, so that the zero-field
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FIG. 2. Magnetization curve of 48-site SS model for J ′/J = 0.5:
(a) only with intradimer DM interactions. (Inset) Ground state con-
figuration within 1/4 and 1/2 plateaux: singlet state (red) and triplet
state (black). D/J = 0.0 (red squared solid line), 0.1 (blue dashed
line with triangles), 0.5 (green dashed line with circles); (b) only with
interdimer DM interactions. D′

⊥/J = 0.0 (red squared solid line), 0.2
(blue dashed line with triangles), and 0.5 (green dashed line with
circles).

ground state is in a strong dimer phase. The magnetization
curves with and without DM interactions are plotted in Fig. 2.

In the absence of DM interaction, and for our choice of
J ′/J , system size, boundary conditions, and magnetic field
magnitudes, the magnetization curve presents two extended
plateaux for mz = 1/4 and mz = 1/2. This is consistent with
the phase diagram shown in [6] in which the authors consid-
ered the same geometry, although with more rungs.1

The ground state configuration on each dimer for the
1/4 and 1/2 plateaux are shown in the inset in Fig. 2(a).
For the 1/2 plateau, a large overlap with one singlet
1/

√
2(|↑↓〉 − |↓↑〉) and one triplet |↑↑〉 appear within each

unit cell. For the 1/4 plateau two unit cells are required to
host four dimers of which three are close to singlets and
the remaining one is mostly a triplet. These triplets are in a
configuration such that they are arranged one next to another.
We compare the role of intradimer and interdimer DM inter-
actions in affecting the magnetization curves respectively in
Fig. 2(a) and Fig. 2(b). As shown in Fig. 2(a), for an increasing
D/J , the plateaux become smoother until they completely

1A narrow plateaux at mz = 1/3 reported in Ref. [6] is not observed
in our results. This is due to the smaller system sizes in the present
study that are inadequate to resolve the narrow 1/3 plateau.

(a) (b)

(c) (d)

(e) (f)

FIG. 3. Averaged two-point correlations as a function of mag-

netic field hz: (a), (b) 〈S↑
1 S↑

2 〉ν that probes the |↑↑〉 triplet;
(c), (d) 〈Ot 〉ν that probes the 1/

√
2(|↑↓〉 + |↓↑〉) triplet; (e), (f)

〈Os〉ν that probes 1/
√

2(|↑↓〉 − |↓↑〉) singlet. The ν = A (B) in the
subscript in all plots indicate the correlation functions averaged over
all dimer A (B). Results are shown for no DM interactions (blue
solid line), only intradimer D/J = 0.1 (orange dashed line), and only
interdimer D′

⊥/J = 0.2 (green dash-dot line) DM interactions. The
two shaded areas represent the regions of parameters corresponding
to the 1/4 (blue) and 1/2 (green) plateaux in absence of DM
interactions.

disappear. This is due to the fact that the intradimer DM inter-
action terms on horizontal and vertical dimers are respectively∑

〈i, j〉 Sz,iSx, j − Sx,iSz, j and
∑

〈i, j〉 Sy,iSz, j − Sz,iSy, j , which do
not conserve the magnetization in the z direction and favor
spin directions other than parallel or antiparallel to the hz

field. In Fig. 2(b) we show the effects of solely the interdimer
DM interaction. This results in the shift and/or reduction
of the 1/4 and 1/2 plateaux and the generation of further
plateaux. However, these plateaux are due to the finite size of
the system and on the fact that the interdimer DM interaction
is number conserving. For larger values of DM interaction, the
ground state magnetization changes slowly over a wide range
of applied fields. In other words, the energy of the ground state
changes continuously with magnetization, instead of discrete
jumps. However, for a finite system, the magnetization can
only increase in finite steps. The field steps used in our
simulation correspond to energy changes smaller than that
between states with different magnetization, resulting in the
appearance of small plateaux. For larger system size, this
curve will become smooth. In a few words, as the magnetic
field varies, the ground state of a different total magnetization
sector becomes the overall ground state, and thus we observe
many plateaux. For larger system size, this curve will become
smooth. To gain further insight into the effect of the DM
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interactions, in the following we will study correlations in the
ground state.

B. Ground state with DM interactions

In the absence of magnetic field hz and of DM interaction,
the state with singlets on every site is the ground state of the
system. As the magnetic field increases, the ground state can
form patterns with singlet or triplet correlations on the dimers.
For instance, in the 1/2 plateaux one can expect a pattern as
shown in the inset of Fig. 2(a), where one type of dimer, A or
B, is close to a singlet state (we will refer to these dimers as
“singlet dimers”), while the other is close to a triplet state (we
will refer to them as “triplet dimers”).

The boundary conditions and the search algorithm pin one
of the possible translationally equivalent patterns, and hence
when studying the average correlations over only the A or B
dimers we can expect significant differences. For this reason,
here we analyze three types of two-point correlation functions

on each A or B dimer: 〈S↑
i S↑

j 〉ν , 〈Ot 〉ν , and 〈Os〉ν , where the
overline indicates an average over the ν = A or ν = B dimers
in the eight middle rungs in order to reduce boundary effects.
The operators Ot and Os are given by

Ot = 2(S↑
i S↓

j + S↓
i S↑

j ) + 2(S+
i S−

j + S−
i S+

j ),

Os = 2(S↑
i S↓

j + S↓
i S↑

j ) − 2(S+
i S−

j + S−
i S+

j ), (3)

where we have used S±
i = 1/2(Sx

i ± iSy
i ) and S↑

i = 2S+
i S−

i .
The operators Os and Ot project, respectively, onto the singlet,
1/

√
2(|↑↓〉 − |↓↑〉), or triplet, 1/

√
2(|↑↓〉 + |↓↑〉), states

while the correlation 〈S↑
i S↑

j 〉 is used for probing triplet states
of the type |↑↑〉. The results for triplet states of type |↓↓〉
are not shown in the plot as the magnitude is of 10−4 to 10−3

and thus is considered not significant compared with the other
three correlators.

The behavior of these correlators versus the magnetic field
hz is shown in Fig. 3 with and without both types of DM in-
teractions. The values for no DM interactions are represented
by continuous blue lines, green dashed lines have been used
for interdimer DM interactions (with D′

⊥/J = 0.2), and red
dot-dashed lines for intradimer ones (with D/J = 0.1). Panels
(a), (c), and (e) show results for A dimers, while panels (b),
(d), and (f) for the B ones. We stress here that in Fig. 3 we
have included two shaded areas: the blue one corresponds to
the values of the magnetic field for which, in the absence of
DM interactions, the 1/4 plateau is present, while the green
one signals the values of hz for the 1/2 plateau.

When the system has no DM interactions, the blue con-
tinuous lines in Fig. 3 show clearly that the A dimers remain
throughout close to a singlet state while, first, half of the B
dimers become close to triplets of the |↑↑〉, and then all of
them in the 1/2 plateau. We observe a small signal also for
triplets with zero magnetization signaled by 〈Ōt 〉ν .

(a) (b)

(c) (d)

FIG. 4. Characterization of dimer correlations for competing DM interactions: (a) magnetization plateau for no DM interactions
(green dashed line with squares) and constant intradimer DM interactions D/J = 0.1 with ascending interdimer DM interactions D′

⊥/J =
0.00, 0.12, 0.20 (darker circled blue line for smaller value). (Inset) Dimer index labeling conventions; (b) magnetization plateau for no DM
interactions (green dashed line with circles) and constant interdimer DM interactions D′

⊥/J = 0.2 with ascending intradimer DM interactions
D/J = 0.00, 0.02, 0.10 (darker circled orange line for smaller value); (c) two-point correlation function 〈Sz

1Sz
2〉 on each dimer of the system

for hz/J = 2.32 in (a) (indicated by black arrow) and (d) for hz/J = 2.64 in (b) (indicated by black arrow as well). The color of the lines in
panels (c),(d) corresponds to those in panels (a), (b), respectively. Here, the subscripts 1 and 2 are the same site index in (r, 1) and (r, 2) on
each dimer as in Fig. 1(a).
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When considering the functional dependence of the differ-
ent observables as a function of the magnetic field, we observe
that, despite the presence of an intradimer interaction alone,
the red-dashed curves follow, although in a smoother way, the
blue-continuous curve computed in the absence of any DM
interaction. The interdimer interaction alone instead results
in dimers A, which depart more from a singlet and approach
more a triplet |↑↑〉 state for larger magnetic fields, while the
opposite occurs for B dimers.

C. Effect of competing DM interactions

We now explore how the properties of the system are
affected when both types of DM interactions are turned on.
In Fig. 4 we show the magnetization plateux and their corre-
sponding two-point correlation functions 〈Sz

i Sz
j〉 on each dimer

within the 1/2 plateau as an example.
First we fix the intradimer DM interactions at D/J = 0.1

and we vary the interdimer DM interactions from D′
⊥ = 0

to 0.20. We plot the magnetization curve in Fig. 4(a) and
the correlation function 〈Sz

i Sz
j〉 at hz/J = 2.32 in Fig. 4(c).

Each dimer is labeled in the order shown in the inset of
Fig. 4(a). When there are no DM interactions, for the 1/2
plateau the correlation has a pattern of one singlet followed
by a triplet dimer within each unit cell as shown by the green
dashed line. In Figs. 4(b) and 4(d) we fix the interdimer
DM interactions at D′

⊥/J = 0.2 and gradually increase the
intradimer DM interactions from D/J = 0 to 0.10. Here the
intradimer interaction removes the small plateaux because it
breaks the number conservation.

In the presence of intradimer DM interaction the 〈Sz
i Sz

j〉 are
weaker in magnitude and, as we increase the interdimer DM
interactions, we observe a further decrease of the magnitude
(darker lines correspond to smaller magnitudes of the inter-
dimer DM interaction D′

⊥). We observe the singlet dimers are
more robust against intradimer DM interactions, evidenced by
the fact that the 〈Sz

i Sz
j〉 is not significantly affected when a

weak intradimer DM interaction is turned on for the singlet
dimers, while the triplet dimers are much more strongly
affected. This is something that occurs also when analyzing
small clusters with exact diagonalization [34]. The interdimer
interaction instead affects strongly both the singlet and the
triplet dimers, as shown in Figs. 4(c) and 4(d). We remark
that the fact that the intradimer interaction seems not to affect
significantly the singlet dimers is accidental, as for different
values of the magnetic field hz this does not occur.

D. DM interaction induced chiral spin texture

To better characterize the ground state of the system for
different magnitudes of the magnetic fields and of the DM
interactions, we also study the spin chirality, a spin texture
that is expected to emerge with such Hamiltonian terms. We
consider the triangular plaquettes associated respectively to
the A or B dimers. The plaquettes are indexed following
Fig. 5(a), from which we highlight that there are 24 plaquettes
with a base on an A dimer and 22 plaquettes with a base on a
B dimer, listed with a number between parentheses (. . . ). The
expression for the chirality [35,36] is given by

χ = 8Si · (Sj × Sk). (4)

(1)

(2) (3)

(4) (5)

1

2

3

4

5

6
(22)

23

24

Dimer BDimer A

Plaquette Number Plaquette Number

… 

… 

(c)(b)

(d) (e)

(f) (g)

(a)

FIG. 5. (a) Scalar spin chirality index convention on each trian-
gle plaquette. The number with (without) parentheses corresponds
to the plaquette number with a base on a B (A) dimer; (b)–(g)
Magnitude of scalar spin chirality associated to dimer A (b), (d), (f)
and B (c), (e), (g) with respect to different types of DM interactions.
The x axis indicates the plaquette number, while the y axis indicates
the magnetic field hz: (b),(c) with only intradimer DM interactions
D/J = 0.1, (d), (e) with only interdimer DM interactions D′

⊥/J =
0.2, and (f), (g) with both DM interactions being present. The values
corresponding to the middle eight rungs are highlighted by the white
dashed squares.

The spin chirality is a quantitative measure of chiral order. It
is zero for states such as collinear or coplanar magnetic states,
for instance, ferromagnetic (FM), antiferromagnetic (AFM),
while it is nonzero for noncoplanar spin configurations. In
Figs. 5(b)–5(g) we show the magnitude of the chirality versus
plaquette number for the A dimers’ plaquettes, Figs. 5(b), 5(d)
and 5(f), and for the B dimers’ plaquettes, Figs. 5(c), 5(e) and
5(g). In particular, in Figs. 5(b) and 5(c) we consider only
the effect of the intradimer DM interaction, in Figs. 5(d) and
5(e) we observe the effect of only interdimer DM interaction,
and in Figs. 5(f) and 5(g) the combined effect of both DM
interactions. In Figs. 5(b) and 5(c) we observe that chirality
occurs primarily for values of the magnetic field correspond-
ing to states between two plateaux, which are regions of the
parameter space which are less robust to DM interaction.
In Figs. 5(d) and 5(e), when it is only in the presence of
interdimer DM interactions, chirality emerges already for
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(a) (b)

(c) (d)

FIG. 6. Averaged scalar spin chirality in the bulk as a function
of magnetic field hz for dimers A and B: (a) averaged scalar spin
chirality for dimer A and (b) for dimer B. The interdimer DM interac-
tions D′

⊥/J = 0.2 and the intradimer DM interactions increase from
D/J = 0.0 to 0.1 with step 0.02 (from lighter to darker color and
indicated by an arrow as well). (c) Averaged scalar spin chirality for
dimer A and (d) for dimer B. The intradimer DM interactions D/J =
0.1 and the interdimer DM interactions increase from D′

⊥/J = 0.0 to
0.2 with step 0.04 (also from lighter to darker color).

magnetic fields smaller than required to form the 1/4 plateau.
In this case, the response in the A and B dimers is very
different, with the A dimers displaying an overall increasing
chirality in the plaquettes from hz = 0 to the remnants of
the 1/2 plateau, while in the B dimers the chirality is maxi-
mum for fields corresponding to the 1/4 plateau. For larger
interdimer interaction D′

⊥/J = 0.2, together with a finite
intradimer interaction D/J = 0.1, the response is smoother
versus the plaquette number, as shown in Figs. 5(f) and 5(g).
In Fig. 6 we show the average value of the chirality in the
bulk of the system, in panels (a) and (c) for the A dimers and
(b) and (d) for the B dimers. In Figs. 6(a) and 6(b) we consider
the case of a small interdimer DM interaction D′

⊥/J = 0.2 and
then we perturb it with intradimer DM interaction with values
D/J from 0 to 0.1. We observe that dimer A and dimer B
have distinct response to the intradimer DM interaction, which
is due to the narrow geometry of the system: the chirality
corresponding to dimer A monotonically increases for all
range of the magnetic field, while the chirality corresponding
to dimer B actually decreases within the magnetic field with
respect to the 1/2 plateau [indicated by arrows in Figs. 6(a)
and 6(b)]. As for magnetization plots, the intradimer interac-
tion makes the curves smoother. In Figs. 6(c) and 6(d) we
depict the case in which the intradimer interaction is fixed
at D/J = 0.1 and we increase the interdimer DM interaction
from D′

⊥ = 0 to 0.2. Consistently with the previous discussion
of Figs. 5(b) and 5(c), here we observe that in the absence
of interdimer DM interaction the chirality is only present
between the plateaux and, as D′

⊥ increases, chirality increases
significantly across the values of magnetic field observed. We
stress that the combination of both interdimer and intradimer
DM interactions results in a homogeneous chirality within
the plaquettes of the A or B dimers [see also Figs. 5(f)
and 5(g)].

Moreover, the distinct effect of intradimer and interdimer
DM interaction on the chirality can be identified through
observing the lightest colored curves in Figs. 6(c) and 6(d):
the interdimer DM interaction is responsible for the emer-
gence of noncoplanar configuration both between and within
the magnetic field range of plateaux [Figs. 6(a) and 6(b)],
while the intradimer DM interaction tend to primarily induce
the noncoplanar spin configuration only between the plateaux
[Figs. 6(c) and 6(d)]. In general, the interdimer DM interac-
tion changes the average value of chirality more significantly
than the intradimer DM interactions. This is mainly due to the
fact that we consider the case with J/J = 0.5 for which the
dimers are more strongly coupled.

V. CONCLUSION AND DISCUSSION

In summary, we have investigated a quasi-two-dimensional
Shastry-Sutherland model with competing nonuniform
Dzyaloshinskii-Moriya interactions and also an external
magnetic field in the z direction. We have used a matrix
product state algorithm and numerically obtained the
magnetization curve with and without DM interactions.
We have shown that both types of DM interactions affect
significantly the plateaux, destroying them. The intradimer
DM interaction clearly smoothens the magnetization curve,
while the interdimer DM interaction analyzed, since it is
number conserving, would generate a smooth curve only in
the thermodynamics limit. Furthermore, we have investigated
the effect of intradimer and interdimer DM interactions
by probing with different two-point correlation functions.
We have also explored the DM interaction induced chiral
spin texture from the observation of scalar spin chirality on
triangular plaquettes showing that intradimer DM interactions
induce chirality more easily for states between magnetization
plateaux, while interdimer DM interaction can induce it also
in regions in which the magnetization is flat as a function of
the magnetic field. For different geometries or values of J ′/J
it would be possible to study the effect of DM interactions on
different plateaux, in which the origin of the plateau is due to
different spin structures like, e.g., for the 1/8 plateau [10,37].
For this we would have to analyze longer systems or even
two-dimensional ones, something that it is currently beyond
the techniques we employ.

Given the effect of DM interactions on the magnetization
plateaux and on the emergence of chirality, in future works
we will focus on how the DM interactions affect the transport
properties of the system. Another interesting research direc-
tion is to consider how these phases are robust to different
dissipative perturbations, both for their relaxation dynamics
and the steady state reached.
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