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Abstract

We propose a collision model to investigate the information dynamics of a system coupled to an
environment with varying degrees of non-Markovianity. We control the degree of
non-Markovianity by applying a depolarising channel to a fixed and rigid reservoir of qubits. We
characterise the effect of the depolarising channel and apply the model to study the coherent
transport of information on a chain of three interacting qubits. We show how the
system-environment coupling probability and the degree of non-Markovianity affect the process.
Interestingly, in some cases a Markovian environment is preferable to reduce information loss and
enhance the coherent transport.

1. Introduction

The study of coherent energy transport in quantum systems is of great theoretical and technological
importance in physics, chemistry, biology and engineering [1-6]. In photosynthetic systems, long-lived
quantum coherence was observed in excitonic energy transfer [7, 8], although its role in the remarkable
efficiency of the process has been debated [9-11]. Moreover, the role of the environment in this process has
been shown to be complex [12-24]. Nevertheless, photosynthetic systems provide a promising scenario in
which recently proposed witnesses of non-classicality could be tested. These witnesses suggest the possibility
of indirectly inferring the non-classicality of an unknown system by looking at its capability of creating
quantum coherence in a quantum probe [25]. For example, the non-classicality of a generic biopolymer
could be inferred by observing the coherence of a photon emitted through the recombination of a delocalised
exciton on the polymer [26]. To investigate the possibility of this task, it is essential to understand the
mechanism for coherent transport in these systems and clarify the role of the environment in the process.

In this paper, we take an information-theoretic approach to investigate coherent transport in a simplified
scenario. We propose a collision model [27, 28] to study the non-Markovian information dynamics of a chain
of qubits interacting with the environment. Differently from other models in the literature [29-36], the
system interacts locally with the same reservoir qubits and we control the degree of non-Markovianity of the
environment by applying a depolarising channel to the reservoir. By changing the intensity of the
depolarising effect, we can control the amount of information irretrievably lost by the environment. We
quantify this effect using a measure of non-Markovianity. We also study how non-Markovianity affects the
rate of information loss and find a regime where Markovianity surprisingly reduces it.

We then apply the collision model to study the coherent transport of information, represented as an
excitation, along a chain of qubits coupled to a fixed and rigid reservoir of interacting qubits. By changing the
degree of non-Markovianity of the reservoir, we can model different types of environments. For example, a
Markovian environment could represent a thermal bath surrounding the chain, while a non-Markovian one
could model other degrees of freedom of the chain that are coupled to the ones responsible for the coherent
transport. Our model is designed to study the dynamics of quantum information, not the spatial trajectory
of a specific excitation, focusing specifically on the coherence of information transport along the chain.

© 2025 The Author(s). Published by IOP Publishing Ltd on behalf of the Institute of Physics and Deutsche Physikalische Gesellschaft
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We show that the transfer of information to the environment plays a crucial role in the coherence of the
transport. The process displays different behaviours depending on the probability of the system-environment
interaction. When the system-environment coupling is strong, non-Markovianity dramatically improves the
coherence of the transport. Interestingly, when the coupling is weak, there is a regime where a Markovian
environment is preferable to enhance the coherent transport.

Our results provide some information-theoretic insights into how non-Markovian environments affect
coherent information transport on a chain. Moreover, our model demonstrates how to introduce a control
on the degree of non-Markovianity in collision models with a fixed environment and might be applied in
other fields where transport phenomena are relevant.

2. The model

2.1. The chain
Let us consider an isotropic, 1-dimensional chain of N qubits. We shall call these qubits ‘system qubits’

Sy, =1,...,N. The chain evolves according to a Heisenberg Hamiltonian [37]:
N
N 1 ~A A A A A A
Hchain - E Z]Zhain (XanJrl + YnYn+1 +ZnZn+1) 5 (1)
n=1

with ! . € RVn=1,..,Nand X, =I®""1 @6, @ I8N+ Y, = [®"~1 @ 6, @ [¥N-"+! and

Z, =19""1 @ 6, @ I®N="+1 the Pauli operators describing the X, Y and Z spin components of the nth
system qubit, respectively. By changing J%; . , this model can capture different physical systems characterised
by different interaction strengths between their constituents. Moreover, the model can be easily generalised
to explore other phenomena, such as anisotropies in the chain, next-nearest neighbours coupling, multiple
dimensions, and effects of external fields or systems [6].

2.2. The environment
We model the environment as a reservoir of N interacting ‘reservoir qubits’ Q,,, m =1, ..., N. To allow the
information to flow in the environment as well, their interaction is described by a Heisenberg Hamiltonian:

N
Z res (j(m/%m—i-l +j}mj)n1+1 +2m2m+1) ) (2)

m=1

with coupling constant J”. € RVm = 1,...,Nand X,,, Vs, Z,, the Pauli operators of the mth reservoir
qubit. Since we are interested in how the information dynamics of the system is affected by a loss of
information, we initialize the reservoir qubits in the maximally mixed state

§=Qém= u , (3)
m=1
which represents a state containing no information.

We describe the system-environment interactions as collisions of each system qubit with its nearest
reservoir qubit via a partial swap [29]:

Py, (n) = cos (n) I+ isin (1) S, (4)

where I is the identity operator, S,y the swap operator between the mth system and reservoir qubit, and
71 € [0,7/2] a parameter that regulates the probability of the interaction. Since P,,(7) can be written as

Py () = ein/2ein/2(f<m5€m+f’m5/m~&-2m2m)7 (5)

all the interactions in the model up to now are fundamentally of the same type. However, we prefer to
maintain a continuous description in time for the chain and reservoir interactions to avoid introducing
temporal order into the pairwise interactions between their qubits.

Since all the interactions considered so far are unitary and the same reservoir qubits keep interacting with
the chain, the model is intrinsically non-Markovian. Unlike other non-Markovian collision models where the
reservoir qubits that have interacted with the system are discarded at some point [32—-36], we propose to
control the degree of non-Markovianity of the model by applying a quantum depolarising channel to the fixed
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Figure 1. Four steps of the protocol with three chain qubits and three reservoir qubits. (a) Exchange step: each system qubit
interacts with its nearest reservoir qubit via a partial swap; (b) depolarising step: the depolarising channel is applied to the
reservoir qubits; (c) transfer via reservoir: unitary evolution of the reservoir qubits with Hies; (d) transfer via chain: unitary
evolution of the system qubits with Hepain.-

and rigid reservoir qubits after each collision. If pcg is the state of chain-+reservoir, the depolarising channel
for a single reservoir qubit can be expressed as:

AG (pcr) ZKmPCRK i (6)

i=0

where K’” are the Kraus operators K" := /1 — 3Q/41,,, K" := /Q Xm, \/732,”,

Kg” =,/ Zm, and0< Q< 1. Smce the Kf” for different m commute, the order in which they are applied
is irrelevant.

2.3. The protocol
The protocol consists of four steps (figure 1).

1. The system qubits interact with the nearest reservoir qubits via a partial swap (equation (4)) with
probability 7 (figure 1(a)). We will call this step the ‘exchange step.

2. The depolarising channel is applied to the reservoir qubits (figure 1(b)). This step controls the degree of
non-Markovianity of the environment. We will call this step the ‘depolarising step’

3. The reservoir qubits evolve according to the Hamiltonian of equation (2) for a time interval At
(figure 1(c)). We will call this step the ‘transfer via reservoir’

4. The system qubits evolve according to the Hamiltonian of equation (1) for a time interval At
(figure 1(d)). We will call this step the ‘transfer via chain’

All the steps of the protocol can be repeated indefinitely.

2.4. Non-Markovianity

We expect the parameter ) to control the amount of information the environment loses. When €2 = 0,

Al (pcr) leaves pcr unchanged so that the global evolution of chain+-environment is unitary. When Q =1,
instead, A" (pcr) re-initialises the mth reservoir qubit to the maximally mixed state and, if applied to all the
reservoir qubits, makes the environment Markovian. To quantify the effect of €2 on the degree of
non-Markovianity, we use the measure proposed in [38]. Given two initial states of the system p; (0) and
02(0), the degree of non-Markovianity under the action of a dynamical map is measured as [38]:

d
M= {m(n)1 pz(O)}/ D(pi(1),p2(t))dt, )

w, dt
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Figure 2. Degree of non-Markovianity " as a function of €2 for two different models. AV is calculated over 30 time steps with

1 = 7 /2. The blue circles correspond to values of A calculated with 1000 randomly generated pairs of initial system states in the
1 x 1 model. The red circles are the values of A" obtained with the initial states |0) and |1). The green squares correspond to the
values of AV for the 3 X 3 model with initial states |000) and |111). Note that the values of N when 2 & 0 are bounded by the
finite number of time steps of our simulations rather than by the state of the system reaching a steady state. Increasing the number
of time steps would increase these values.

where ¥ is the union of all subsets where C%D (p1(t), p2(2)) > 0 and

D(or (1)) = 3 lon ()= p ) 1, )

is the trace distance between p, () and p;(¢). Since in this work we consider a discrete process, we use a
discretised version of equation (7) [38]:

N = max Z (D (p1,k: p26) = D(P1 k=15 P2k-1)) » )
{/J1,07/)2,0} kes,

where the summation is taken on all values of k such that D (p; k, p2.k) — D (01 k=1, P2,k—1) > 0, p1 i is the
state of the system at the end of the kth step obtained by tracing out the environment, and the maximisation
is performed over all pairs of initial states {1 0, p2,0 }-

To illustrate the effect of the depolarising channel on the degree of non-Markovianity, we first restrict to a
model with one system qubit and one reservoir qubit (1 x 1). We measure the non-Markovianity of this
model by maximising equation (9) over all the pairs of initial system states prepared in the following way:

1<1+r1cos (0) rsin(6;) e )

2 \ nsin(0))e® 1 —rcos(6)) o

Pro =

with r; € [0,1], 6, € [0, 7], and ¢; € [0,27], for I = 1,2. The maximisation procedure becomes too
complicated with a higher number of qubits. In this case, we use some of the insights on the states
maximising equation (9) drawn from the 1 x 1 case to choose a suitable pair of initial states.

In figure 2, we plot the degree of non-Markovianity A induced by our protocol in two models with
different numbers of qubits. The circles refer to a model with one system qubit and one reservoir qubit
(1 x 1), and the squares to the model with three system qubits and three reservoir qubits (3 x 3). We have
calculated A/ over 30 temporal steps with 1 = 7 /2 for different values of 2. The blue circles correspond to
values of N for 1000 randomly generated pairs of initial states of the system in the 1 x 1 model. The red
circles correspond to the initial states |0) and |1). The graph provides strong numerical evidence that |0) and
|1) maximise N in equation (9). During the course of the simulations, we noticed that any two antipodal
states on the Bloch sphere would maximise AV. This observation, and the fact that the 3 x 3 model consists of
identical copies of the 1 x 1 model, lead us to consider |000) and |111) as good candidates to maximise N in
the 3 x 3 model. The green squares correspond to values of AV for this pair of initial states and show a
behaviour consistent with the 1 x 1 case. Due to the computational demand of simulating the 3 x 3 model
with many different initial states, we consider only this pair of initial states. More extensive simulations are
required to confirm that these initial states maximise A/ as the considerations made for the 1 x 1 model

4
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Figure 3. (a) Von Neumann entropy of the systems qubit S(pc(k)) over multiple iterations of the protocol for 7 = 0.4 and
different values of 2. (b) Time-averaged entropy S as a function of ) for different values of 2. The average is taken over 30 steps.

might not apply to the 3 x 3 model. Therefore, the green squares can only be interpreted as a lower bound on
the non-Markovianity of the 3 x 3 model, although we conjecture that they maximise it.

Figure 2 shows that the parameter € directly relates to the degree of non-Markovianity A/ of the models.
N is maximal for Q = 0, that is when the evolution of system-reservoir is unitary. N monotonically
decrease with higher values of €2 and becomes null for {2 = 1, i.e. when the reservoir is completely
depolarised at each step. The results are similar for the 1 x 1 and 3 x 3 models and show that € is a good
parameter to control the degree of non-Markovianity of the model.

2.5. Information loss
Due to the interaction with the environment, the system qubits will lose information in time. We expect the
information loss rate to be related to the degree of non-Markovianity. To quantify this effect, we study the
behaviour of the von Neumann entropy of a system qubit in a 1 x 1 model. We initialise the qubit in the state
[1)(1], corresponding to a zero-entropy state (maximal information). In figure 3(a), we plot the von
Neumann entropy S(pc(k)) of the system qubit after the kth step of the protocol for 7 = 0.4 and different
values of €. We observe that the entropy tends to 1 (no information) unless 2 = 0. If 2 = 0, the system will
lose some information to the environmental qubit (which is initialised in the maximally mixed state and thus
has no initial information) in a periodic process, but the information will never be irretrievably lost due to
the overall unitary dynamics of system+-environment. For any value of 2 > 0, the qubit will eventually lose
all its information. Moreover, we note that the entropy for higher values of €2 increases more slowly than for
lower values of 2, meaning that information loss is slower for lower degrees of non-Markovianity.
Surprisingly, Markovianity protects the qubit from information loss, although it is associated with more
information loss from the environment.

To study how this effect depends on 7, we consider the time-average entropy of the qubit, defined as:

S(19) = 2 D8 (). (1)

where the average is taken over the first K iterations of the protocol. We plot this quantity in figure 3(b) for
K =30 and different values of 2. We exclude €2 = 0 as, in this case, the information is never entirely lost.
Figure 3(b) shows that, for 0.25 < £ < 1, lower degrees of non-Markovianity protect the qubit from
information loss (lower values of S) if system-environment interactions are weak (lower values of 7). There is
an inversion in this behaviour for higher values of 7, although S is higher due to the qubit losing information
to the environment more quickly in this regime. This protecting mechanism of Markovianity for small 7 is
surprising given that Markovianity is associated with complete information loss from the environment. We
might expect this effect to favour the coherent transport of information on a chain of qubits. This will be the
focus of the next section.
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Figure 4. Coherence element | plc’3 (k)| over multiple iterations of the protocol for different values of €2. The case 2 = 0 represents
the unrealistic scenario of a fully unitary evolution. In this case, the coherence oscillates wildly, so the vertical axis has been
truncated to improve the visibility of the graphs.

3. Application to coherent transport

We apply the model described above to study the coherence of the transport of information along the chain.
We represent initial information as a localized excitation

pc(0) = [100...0)(100...0], (12)

in the Hilbert space 7%, ® - - - ® J4,,. Applying the protocol described above, the excitation spreads through
the chain and the environment. After repeating the protocol k times, we trace out the environment and
extract the coherence between the first and last qubit of the chain plc’N(k), that is, the coefficient of the term
100...0)(00...01| of the density matrix. We take |pg" (k)| as an indicator of the coherence of the transport
across the chain. We choose to study this parameter as the goal of this research is to show that the excitation
transport along the chain occurs coherently, a feature that other entries of p¢ such as the population plg’N
would not capture.

For simplicity, we consider a model with three chain qubits. We implemented the protocol as a quantum
circuit in Qiskit [39] as follows. The exchange phase consists of a sequence of local unitaries P(7)) as in
equation (4) for each of the system qubits S;; the depolarising step is implemented as a depolarising noise
model on the identity gate, which applies the quantum channel of equation (6); the transfer phases are
implemented as unitaries on system and reservoir with a time step At = 0.01. We choose
Johain = Jehain = 10,V and Ji% = Jres = 1, Vm. This choice represents a scenario where the chain is the most
efficient medium for the propagation of the excitation.

We first apply the protocol 30 times and study how | p2’ (k)| varies for different values of Q when 7 = 0.4
and 1 = 1.2. We select these values of 77 as representative of the chain-environment ‘weak’ and ‘strong’
coupling regimes, respectively. This is because 7 represents the probability of swapping the chain and
reservoir qubits during the interaction described by equation (4): when 1 < % = 0.8, the probability is lower
than 50%; when 7 > 7 ~ 0.8 the probability is higher than 50%. After studying the temporal behaviour of
| plc’3 (k)| at fixed 7, we investigate the effect of 7 on the coherence of the transport. We do so by examining the
maximum coherence max; | ¢’ (k)| as a function of 7) for different values 2. We then restrict again to the
cases 77 = 0.4 and 1 = 1.2 to study how the ratio Jies /Jchain affects maxy |plc’3 (k)| Finally, we examine the
temporal behaviour of the populations |p:'| and |p’| in the same conditions, that is, the coefficients of the
terms |100)(100| and |001)(001], respectively.

In figure 4 we plot |pg’ (k)| as a function of the number of iterations of the protocol k for different values
of £2. We consider two cases: a) 7 = 0.4 (weak coupling regime) in figures 4(a), and (b) n = 1.2 (strong
coupling regime) in figure 4(b).

Before analysing the two cases separately, we notice that in both scenarios |pg’ (k)| is not affected by Q for
k=1, i.e. considering a protocol with a single iteration. This is because each protocol iteration contains a
single interaction between the chain and the environment (described by P, (n) in equation (4)), so there is
no further exchange of information after the application of the depolarising channel. This makes the degree
of non-Markovianity of the environment irrelevant to the coherent transport on the chain.

In both figures 4(a) and (b), {2 = 0 corresponds to a fully unitary evolution of the global system
chain+environment. In this case, no information is lost, and no steady state can be reached. Such a scenario
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Figure 5. Maximum coherence max; |pi2 (k)| over k = 30 protocol iteration as a function of the system-environment coupling 7,
for different values of €2 when Jhain = 10, Jres = 1. The case 2 = 1 tends to zero when n — %, so the y-axis has been truncated to
improve the visibility of the results.

is unrealistic in most ordinary physical systems, where some information is irreparably lost over time. For
this reason, we will consider only €2 > 0.25 in the following discussion. In the cases examined in figures 4(a)
and (b) we see that | plc’3 (k)| is quickly damped and reaches zero within 30 iterations of the protocol. We
expect this to happen for any 2 # 0 due to the depolarising channel losing information at each protocol
iteration, although the damping will take longer for values of ) close to zero.

Focusing now on figure 4(a), we observe that, in the weak coupling regime 7 = 0.4, higher values of €2
result in greater coherence. This is analogous to what we observed in section 2 and it is interesting as one may
expect more information loss to be associated with decreasing amounts of coherence in the system. Instead,
we observe that, for 0.25 < 2 < 1, a Markovian environment better assists coherent transport. The situation
is inverted in the strong coupling regime. In figure 4(b), we observe that the coherence is immediately
suppressed for higher values of €2 while it is higher and more persistent for highly non-Markovian
environments.

So far, we have considered how |pg* (k)| is affected by Q for fixed values of the interaction probability 7,
one in the weak coupling regime and the other in the strong coupling regime. To check how these results
depend on the value of 7, in figure 5 we plot the maximum of the coherence max | ,olc’3 (k)| computed over 30
protocol iterations as a function of 7 for different values of 2 > 0.25. The results are consistent with what was
shown above: the coherence slightly increases with the Markovianity of the environment in the weak coupling
regime, while a non-Markovian environment is preferred in the strong coupling regime. The transition
between these two regimes happens for intermediate values of the coupling probability that depend on 2.
For 1= 0, since there is no coupling between the chain and the environment, max; |2 (k)| does not depend
on 2. For 7 close to 7, i.e. with an interaction probability close to 1, the coherence goes to zero for 2 = 1. In
this case, the coherence is immediately suppressed during the first protocol iteration because the excitation is
entirely transferred to the reservoir and erased in the first two steps of the protocol (exchange and
depolarising). For 2 # 1, maxy| plc’3| is always nonzero and, after reaching a minimum for some intermediate
values of ), it increases when 7 tends to %, with higher values of coherence associated with lower values of {2.

Our results so far are based on simulations with J,,;, = 10 and J, = 1. As we mentioned above, this
corresponds to a scenario where the chain is the most efficient medium for the propagation of the excitation.
While this situation is the most physically realistic, in figure 6(a) we explore how our results depend on the
ratio Jres/Jchain- Specifically, we plot maxy | plc’3 (k)| as a function of Jies/Jchain in the weak (17 =0.4) and strong
(n=1.2) coupling regimes for Jh,in = 10 and different values of € > 0.25. As expected, Jies/Jchain does not
affect max |pg” (k)| when © = 1 since no transfer of information along the environment is possible when all
the information stored in the environment is completely lost at each protocol iteration.

Excluding the case € = 1, in figure 6(a) we observe a low sensitivity of max; |pg” (k)| to changes in
Jres/Jchain> With higher values of 2 initially associated to higher levels of coherence, consistently with figures 4
and 5. The low sensitivity to Jyes/Jchain indicates that the chain is the main responsible for the coherent
transport of the excitation. When §2 = 0.25 we observe a clear-cut change in behaviour for Jies/Jchain = 0.5.
After this point, max | plc’3 (k)| increases more rapidly with increasing values of Jies /Jchain> SUggesting a more
prominent role of the intra-environment interactions in the coherent transport.

7
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Figure 6. Maximum coherence maxy | plc’3 (k)| over k =30 protocol iteration as a function of the ratio between the reservoir qubits
and the chain qubits couplings Jres /Jchain> fOT Jchain = 10 and for different values of the degree of non-Markovianity 2.

The situation is different in figure 6(b), where we observe that, apart from the case {2 = 1 discussed
above, max; |p1C’3 (k)| consistently increases with Jres /Jchain> thus pointing to the active role of the environment
in the coherent transport of the excitation. This happens because the environment is more likely to interact
with the chain in the strong coupling regime and is thus more likely to assist in the propagation of the
excitation. Accordingly, higher degrees of non-Markovianity result in higher values of coherence since the
information in the environment is less likely to be lost.

In conclusion, when the chain is the most efficient medium for the propagation of the excitation, i.e.
Jres/Jehain < 1, and when 0.25 < Q < 1, we have seen that non-Markovianity improves the coherence of the
transport for strong system-environment couplings but hinders it if the coupling is weak. Note that these two
mechanisms may not be mutually exclusive. For example, in the Fenna—Matthews—Olson photosynthetic
complex [40], the electronic degrees of freedom of the bacteriochlorophyll molecules (the chain in our
model) can couple both to the phonons of the molecular environment (non-Markovian) and to an external
thermal bath (Markovian environment). Our results might capture both of these situations, suggesting that
the coexistence of a weakly coupled thermal bath and a strongly coupled non-Markovian environment might
determine an optimal condition for coherent information transport.

To complete the study, in figure 7 we plot |p2" (k)| and |p’ (k)| as a function of the number of iterations
of the protocol k for different values of {2, once again in the weak (1 = 0.4, figures 7(a)—(c)) and strong
(n=1.2, figures 7(b)—(d)) coupling regimes previously identified, with Jepin = 10 and Jres = 1. We observe
that the populations tend to 1/8 unless 2 = 0, which corresponds to a fully unitary process and so does not
have a steady state. The steady state for ) # 0 is the maximally mixed state %3 /8 determined by the repeated
application of the depolarising channel. In our model, the populations for {2 # 0 are not indicative of the
location of the excitation. Instead, taken together with the coherences, they show that the information
initially located on the first qubit is gradually lost. This is not a limiting aspect of our model; it just reflects its
focus on the information dynamics of the process. To get specific information about the location of the
excitation, non-Markovianity should be implemented with a different model (see, for instance, [41]).
Nevertheless, we expect that the excitation dynamics will also affect population changes during the initial
iterations of the protocol.

To quantify this effect, in figure 8 we plot the differences between the populations |pg' (k)| and |2’ (k)|
of figure 7 (Jepain = 10, Jres = 1), and the populations |p1C’] (k)|nt and |p3c’3(k)|NT in the case Johain = Jres = 0,
i.e. when there is no transfer of information along the chain or the reservoir and so the change in populations
is entirely due to information loss. We interpret these population differences as an indicator of the
population change caused solely by excitation transport, excluding the effects of information loss. We
immediately note that—apart from the case {2 = 0—the values of figure 8 are much smaller than the
corresponding values in figure 7, meaning that information loss is the dominant effect on population
changes. Looking at figure 7 with this in mind, we observe that higher values of {2 correspond to a slower
information loss in the weak coupling regime, signalled by a slower decay in the population of the first qubit
(figure 7(a)) and a faster increase in the population of the third qubit (figure 7(c)). Conversely, we see that
higher values of {2 determine a quicker information loss in the strong coupling regime (figures 7(b)—(d)).
This agrees with the results of section 2, figure 3(a): for 0.25 < Q2 < 1, higher Markovianity hampers
information loss in the weak coupling regime and accelerates it in the strong coupling regime.

Let us now focus on the effect of the information transport on the population changes as quantified by
figure 8. In figures 8(a) and (b), negative values mean that the depopulation of the first qubit is quicker when
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there is transport on the chain and the reservoir (Jehain 7 0, Jres 7 0) compared to the case without transport
(Jehain = Jres = 0). Similarly, positive values in figures 8(c) and (d) indicate that the transport contributes to
the increase in the population. Overall, figure 8 points to an information transfer from the first to the third
qubit before the information is lost in the long run (unless 2 = 0 for which there is no information loss).
Moreover, we note that, for 0.25 < €2 < 1, higher Markovianity generally enhances information transfer in
the weak coupling regime and lowers it in the strong coupling regime. This is in line with our results on the
coherence of the transport (figure 5), meaning that this effect holds for both the amount of information
transferred and its coherence.

4. Conclusions

In this work, we have proposed a collision model that allows direct control of the environmental degree of
non-Markovianity. We have fixed the number and geometry of the reservoir qubits and induced information
loss by applying depolarising channels on them. We have characterised the effect of the depolarising channel
by measuring the degree of non-Markovianity of the model, showing how the intensity of the former directly
relates to the latter. We have also studied how the information that the system loses is related to the degree of
non-Markovianity and found a regime where, surprisingly, Markovianity reduces information loss.

We have applied our model to study the quantum coherent information transport on a chain of
interacting qubits coupled to an environment. Our model permits the exploration of how different regimes
of non-Markovianity and system-environment coupling affect coherent transport. Studying this aspect is
important, for instance, in photosynthetic complexes, where the electronic degrees of freedom responsible
for the coherent transport of an exciton can couple to both Markovian (e.g. solvent) and non-Markovian
(phonons) environments. Our results show that a non-Markovian environment aids the coherent transport
only in the strong system-environment coupling regime. If the system is weakly coupled to the environment,
we have observed a regime where Markovianity enhances the coherence of the transport, consistently with
our results about information loss.

This work provides some information-theoretic insights into how non-Markovianity affects coherent
information transport, avoiding the complications that arise from accurately modelling a real complex
physical system. The system-independent characteristic of the model might make it suitable for applications
to any quantum processes whose understanding involves the exchange of information between the system
and the environment. The model could also be easily adapted to study more specific systems. For example,
one could expand the dimensions of the chain and the environment, use more realistic Hamiltonians, or use
two different environments, one Markovian and one non-Markovian. These generalisations might be
relevant to inform the development of novel technological applications. The model could also be
implemented on current quantum computers [42]. We leave these investigations for future work.
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