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The interfacial Dzyaloshinskii-Moriya Interaction (DMI) plays a crucial role in chiral domain wall
(DW) motion, favoring fast DW velocities. We explore the effect of interface disorder on DMI and
DW dynamics in perpendicular magnetized Ta/CoFeB/MgO thin films. Light He+ irradiation has
been used to gently engineer interface intermixing on a scale of 0.1 nm. We demonstrate that a
slight modification of the Ta/CoFeB interface leads to an increase of the DMI value accompanied
by an enhancement of DW velocity in the flow regime. Using micromagnetic simulations based
on granular structures, we show that the enhancement of DW velocity is mainly related to an
increase in the distribution of magnetic parameters related to the interface. We further infer
that the DMI modulation is related to the asymmetric disorder induced by irradiation leading
to alloying with the Ta buffer layer. Understanding the role of disorder is therefore crucial for
the design of future devices where post-growth interface alloying can be used to finely tune the DMI.

PACS numbers: 75.30.Gw, 75.60.Ch, 75.70.-i, 75.78.Fg
Keywords: CoFeB/MgO, perpendicular magnetic anisotropy, domain wall motion, creep law

Interface engineering applied to ultra-thin magnetic
films has emerged as a determining path for the
development of low power spintronics technologies.
In particular, the Dzyaloshinskii-Moriya interaction
(DMI)1,2,6,7 which is intimately related to the breaking
of the symmetry at the interfaces of the magnetic film,
is of mayor importance. The magnitude and sign of
the DMI can be highly dependent on the interaction of
the magnetic film with a neighbouring metal with high
spin orbit coupling4,5 and its ratio to the magnetization
value can be the key to high DW velocities3. DMI is
also responsible for the appearance of chiral DWs7,9

and skyrmions8, topologically protected structures that
can be manipulated by both electrical currents10 and
through spin-orbit torques11 and therefore hold great
potential for a new generation of spintronics technolo-
gies.
In this context, one important limitation for the motion
of solitonic magnetic objects is the influence of struc-
tural inhomogeneities such as interface intermixing and
roughness or grain textures. Pinning due to defects
leads to the thermally activated creep regime of DW
motion at low drive, which has been extensively studied
for DWs in a variety of materials and structures12–16.

Along this line, the full extent of the impact of disorder
on the DMI value is a key aspect. For instance, in
symmetric epitaxial Pt/Co/Pt structures DMI can
still appear due to a difference between the quality of
the Co interfaces17,18. In the same material, density
functional calculations indicate that DMI could be
significantly reduced upon dusting the interface with a
third element19. Additionally, the DMI value has been
shown to depend on the degree of hybridization between
the 3d orbitals of the ferromagnetic metal and the 5d
orbitals of the heavy metal highlighting the importance
of alloying at the interface5.
In this paper, we investigate the impact of interface
intermixing in Ta/CoFeB/MgO materials on the DMI
by using He+ ion irradiation to gently tune the interface
morphology at the atomic scale. DMI is found to
increase as a function of the irradiation dose in films
where DMI is nearly quenched in the pristine state. This
increase in DMI is accompanied by an increase in DW
velocities in the flow regime. Our results show that the
DMI and the maximum DW velocities are significantly
dependent on interfacial alloying.
The samples investigated are Si/SiO2/Ta (5
nm)/Co20Fe60B20 (1 nm)/ MgO (2 nm)/Ta (3 nm)
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FIG. 1: (a) Sketch depicting the perpendicularly magnetised
CoFeB stack and the effect of He+ irradiation at the inter-
faces. (b) Anisotropy field H k as a function of the irradiation
dose. (c) Depinning field H dep (blue circles, left axis) and its
corresponding DW velocity v(Hdep) (cyan circles, right axis)
as a function of irradiation dose.

films annealed at 300◦C exhibiting perpendicular mag-
netic anisotropy (PMA). The films were subsequently
irradiated at doses (ID) up to 5.5 x 1019 He+/m2. Fig.
1 (a) shows a sketch of the sample structure.
DW motion in He+ irradiated CoFeB films has been
thoroughly studied in the thermally activated, and

highly defect-sensitive, creep regime of DW motion16.
These investigations were centered around the effects
of the modification of the CoFeB/MgO interface which
induces variations of magnetisation (Ms) and the
effective anisotropy constant (Keff )16,22. For the
present study the dependence of the anisotropy field
HK = 2Keff/Ms is given in Fig. 1. (b). The end of
the highly defect sensitive creep regime of DW motion
is marked by the depinning field H dep

12–14 which has
been found to increase monotonically with irradiation
dose16. Fig. 2 (blue circles, left axis) shows this increase
in H dep which has been calculated by evaluating the
intersection between the creep and depinning regimes of
DW motion25. As previously reported16, the irradiation
treatment widens the magnetic field range in which the
creep regime can be observed implying an increased
interaction with defects for higher IDs leading to an
increase in H dep. However, the value of the DW velocity
at H dep does not reflect this trend, v(Hdep) (Fig 2, cyan
circles, right axis) shows an initial increase up to ID=
8 x 1018 He+/m2 followed by a monotonic decrease.
This feature has been found to be an early indication
of the dynamics at higher fields, well outside of the
creep regime. The full DW velocity plot for pristine and
irradiated films with IDs ranging from 1 x 1018 to 1.6 x
1019 He+/m2 is shown in Fig. 2 (a). The DW velocities
in a field range of 53-56 mT (see the highlighted bar in
Fig. 2 (a)) are plotted in Fig 2 (b) as a function of ID
showing the trend in the maximum velocity as a function
of ID. Well into the flow regime, the dependence of the
maximum DW velocity on ID resembles that of v(Hdep)
with an initial increase up to ID = 8 x 1018 He+/m2

followed by a reduction at higher IDs. It is interesting
to notice that the end of the creep regime can provide
qualitative information about the behaviour of the
maximum velocities well beyond the depinning regime
though v(Hdep) but not through H dep which shows a
monotonic increase that reflects the behaviour of the
DW velocity deep into the creep regime.
It is important to mention that the velocity curves
beyond the exponential creep regime do not show
the linear dependence predicted by the so-called ‘one
dimensional model’ of DW motion that describes a
one dimensional interface (DW) propagating in a two
dimensional medium (film)12. The DW velocity leaves
the exponential creep regime to transition (depinning
regime) into a final saturation velocity regime where
DW velocity remains fairly unchanged over a wide range
of magnetic fields. This DW velocity profile has already
been observed3,26 and it has been attributed to the
system being locked in the velocity plateau in the high
field side of the Walker breakdown HW , the transition
point between the steady and precessional flow regimes.
In equivalent CoFeB materials HW has been calculated
to appear at very low fields and well into the creep
regime23, this determines that the system is already
beyond the steady flow regime when it moves out of
the creep regime and, as mentioned, it is trapped in a
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FIG. 2: (a) DW velocity as a function of the applied magnetic
field for pristine and irradiated films. (b) DW velocity in the
range 53-56 mT as a function of the irradiation dose. The
yellow bar in (a) shows the velocity region that is plotted in
(b) in order to illustrate the trend in the maximum velocity
vs. ID.

velocity plateau from which the system could break free
at high enough fields26.
The observed increase in H dep is compatible with an
increase in the level of disorder in the system16. In order
to complete this analysis the irradiation-induced changes
in the structure and properties of the bottom Ta/CoFeB
interface were investigated. As mentioned, the structure
of this interface is of critical relevance to define the role
of the DMI interaction in pristine/irradiated systems.
Fig. 3 (a) shows specular X-Ray reflectivity performed
using Cu K-α X-rays with wavelength λ= 0.154 nm
for a pristine film and a film irradiated at ID= 5 x
1018He+/m2. Fitting using the software MAUD27

(solid lines) allows for the extraction of the values of
the interface widths considering both the topological
roughness and chemical grading as a function of the
irradiation dose. The extracted interface width is shown
in Fig. 3 (b) for irradiation doses going up to 5.5 x
1019He+/m2. The initial value of 0.23 ± 0.1 nm for the
pristine material rapidly grows with ID up to about ID=
1.5 x 1019He+/m2, which corresponds to the range of
irradiation doses where DW dynamics has been analysed.

FIG. 3: (a) X-ray reflectivity profiles for a pristine and an
irradiated films at ID= 5 x 1018 He+/m2, the corresponding
model is plotted as solid lines. (b) Width of the Ta/CoFeB
interface as a function of the irradiation dose.

After this marked increase the width of the interface
seems to stabilise at values between 0.31± 0.1 and 0.32±
0.1 nm, even when further irradiation at significantly
higher doses is performed. This variation shows that
irradiation has an important impact in the Ta/CoFeB
interface but also indicates that the irradiation-induced
disorder might reach a saturation point within the ID
range where DW motion was investigated.
Knowing that the width of the Ta/CoFeB interfaces is
modified by irradiation, an evaluation of the effect of
irradiation on DMI has been conducted. This has been
done by analysing magnetic domain wall motion in the
presence of perpendicular and in-plane magnetic fields
and also by analysing the surface spin-wave propagation
asymmetry by Brillouin light spectroscopy.

I. IRRADIATION INDUCED DMI

As presented by numerous studies in the literature,
the presence of DMI can be evidenced in DW motion
due to the changes induced in the internal structure of
the DW, typically a Bloch to Néel type DW transition
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FIG. 4: Effect of irradiation induced DMI on the expansion of a bubble domain. Magneto-optical Kerr images are taken after
a perpendicular field pulse of 1.9mT under zero and in-plane fields ±Hx≈±HDMI . The velocity curves for the left and right
propagating DWs as a function of Hx are also presented in (a) for the pristine film and for IDs of 4, 8, 12 and 16 x 1018 He+/m2

in (b), (c), (d) and (e), respectively.
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FIG. 5: (a) DMI constant D as a function of the irradiation
dose obtained by DW motion measurements and BLS. (b) ∆F
as a function of the wave vector for pristine and irradiated
films with ID= 2, 4, 8, 12 and 16x 1018He+/m2. Solid lines
linear fits of the high ksw regime from which the DBLS values
presented in (a) were extracted.

as a function of the strength of DMI and the appearance
of a distinctive DW chirality depending on the sign of
DMI9,28. In this context, the simultaneous application
of an out-of plane magnetic field (to induce DW motion)
and an in-plane field (to break the symmetry of the ra-
dial effective field induced by DMI) to a circular bubble
domain induces an asymmetric expansion of the domain
along the axis of the applied in-plane field, which can be
related to the strength and sign of the DMI28,29. The
measurements presented in Fig. 4 have been performed
in the creep regime of DW motion using a perpendicu-
lar magnetic field of 1.9 mT while sweeping an in-plane
magnetic field. Fig. 4 shows the DW velocity as a func-
tion of the applied in-plane field for the right (red circles)
and left (black squares) propagating sides of the bubble
domain. Each pair of velocity curves shows a minimum
that directly corresponds to the field compensating the
DMI effective field HDMI=

D
µ0Msδ

where δ=
√
A/Keff is

the domain wall width, A is the exchange stiffness con-
stant and Keff is the effective magnetic anisotropy28,29.
Fig. 4 also shows Kerr microscopy images taken at Hx=0

and ±Hx≈HDMI where an asymmetry in the domain ex-
pansion is evidenced. The values of D obtained by this
method (DDW ) are plotted in Fig. 5 (a) as a function of
the irradiation dose. The values of Keff and Ms used to
calculate D correspond to those informed in a previous
report16 and A has been fixed to 2.3x10−11 J/m for the
non irradiated film based on an estimation done taking
into account the values for pure Fe and Co, the compo-
sition of the film and values reported in the literature30.
The values of A used for the irradiated films have been
estimated by considering a weak dependence on Ms

2 in
line with predictions and experimental observations31,32.
This weak variation is also comparable to the Ms depen-
dence reported for thick CoFeB films33,34.
Another common method of estimating the values of D
is to measure the DMI induced non-reciprocity of sur-
face spin wave propagation29,35 by Brillouin light sprec-
troscopy (BLS). In BLS, inelastic scattering occurs be-
tween the incident light beam and spin waves produc-
ing a shift in the frequency of the light that can be due
to an energy loss (spin wave creation) or an energy gain
(spin wave absorption) which is evidenced as the so-called
Stokes and anti-Stokes peaks, respectively, in an intensity
vs. frequency plot. The presence of DMI is evidenced as a
non-reciprocity in the frequency values of the Stokes (fS)
and anti-Stokes peaks (fAS) where the frequency differ-
ence ∆f = fS - fAS has the following linear dependence
on the spin wave vector ksw:

∆f =
2γ

πMs
Dksw, (1)

where D is the DMI constant and γ the giromagnetic
constant. This linear dependence has been verified
experimentally and it is extensively used to extract
values of D in a number of perpendicularly magnetised
ferromagnetic thin films29,35. Fig. 5 (b) shows the
dependence of the frequency shift ∆f on the wavevector
of the spin waves ksw for the pristine material and
films irradiated at ID= 4, 8, 12 and 16 x 1018 He+/m2.
The profile obtained presents a linear dependence for
intermediate IDs and high ksw that allows for the
determination of the strength of the DMI by fitting to
Eq. (3) and examining the slope of the curve. The result
of this fitting is presented as empty symbols in Fig. 5
(a).
A more complex scenario is present at low ksw values
where ∆f tends to zero at ksw=0 but not following the
same linear dependence seen at higher ksw. Moreover, a
non zero intercept can be extrapolated from the linear
dependence present at high ksw for all samples. This
intercept is not considered by the model described by Eq.
(3) and is thought to be related to an inhomogeneous
component arising due to disorder. A detailed discussion
on the dependence of the BLS signal on disorder will be
presented in the last section of this manuscript.
The D values obtained by considering the slope at high
ksw are in the range of those obtained by DW motion
experiments and follow a similar trend. It is worth
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noting that the values of D obtained from DW motion
experiments and BLS can often exhibit a certain degree
of discrepancy due to the different scales in which these
two techniques probe the sample. DW motion may
capture a rather localised picture (over tens of square
microns) while BLS can provide an average value over
a larger area (about a milimeter square)29. Therefore,
potential variations of D within these length scales could
be responsible for the discrepancy observed between the
two methods. In addition, the significant inhomogeneous
contribution present in the BLS signal in this system
introduces a larger error bar. Nevertheless, both DDW

and DBLS indicate that an increase in the magnitude
of DMI can be produced with irradiation doses up to
ID= 8 x 1018He+/m2. This is in close resemblance
with the effects on the width of the Ta/CoFeB interface
presented in Fig. 3 (b), which leads to the conclusion
that a mechanism involving a large DMI sensitivity to
the morphology of this interface is at play.
He+ irradiation at energies of a few tens of keV
limits recoils to about one atomic distance and the
number of displaced atoms in the layers is of about
1x10−2/He+/nm with all He+ ions being implanted in
the substrate36,37. In these conditions, He+ irradiation
allows for the exploration of non-equilibrium paths
towards lower energy structural and chemical configura-
tions. The CoFeB/MgO interface is known to be more
robust than the Ta/CoFeB interface against mixing,
since the mixing enthalpy favours the diffusion of Fe, Co
and B into Ta rather than into MgO38. As a result, a
difference in the rate of intermixing between the bottom
Ta/CoFeB and top CoFeB/MgO interfaces increases
upon irradiation and consequently can introduce an
irradiation dependent modification of interface related
phenomena such as DMI. This is in line with experiments
conducted in Pt/Co/Pt multilayers grown at different
Ar pressure, where the difference in structural quality
between the bottom and top interfaces can result in an
increase of the magnitude of the DMI18. Additionally,
the DMI coefficient has been shown to depend on the
degree of hybridisation between the 3d orbitals of the
ferromagnetic metal and the 5d orbitals of the heavy
metal5. Therefore, irradiation assisted interdiffusion
may favour alloying with the heavy metal increasing the
5d band filling of the Ta and, in turn, DMI.
Recent studies presenting the effects of Ar+ irradiation
in Pt/Co/Pt films39 show that HDMI can be modulated
by two main mechanisms: intermixing at the Co/Pt
interfaces and progressive removal of the top Pt layer.
In the present case, as mentioned, the first mechanism
is at play and although the energies used in this study
are one order of magnitude larger than the highest used
in Ar+ irradiation, for the same doses no etching or
large structural damages occur under irradiation with
lighter He+ ions. In addition, although disorder is
introduced in the system, in the ID range presented here
the coercive field remains fairly constant16. Given the
fact that coercivity in this system is defined by domain

nucleation happening at rare and relatively large defects
a rather constant coercivity indicates that no new large
defects are created during irradiation. On the other
hand, defects that can interact with the DW not only in
the creep regime but also at higher fields are introduced
in the system and their role in the DW flow dynamics
will be discussed in the following.

II. THE EFFECT OF IRRADIATION IN FLOW
DW DYNAMICS

As mentioned earlier, at high fields beyond the creep
and depinning regimes a region of saturation of the max-
imum DW velocity is observed rather than a linear de-
pendence. In this context, the analysis of the DW dy-
namics can not be made simply considering a one dimen-
sional model and therefore micromagnetic simulations
were performed using the GPU-based software package
MuMax340. A 2056 × 1024 × 1 nm computational re-
gion, discretized in 2 × 2 × 1 nm3 cells, was considered.
A different set of values for the anisotropy constant Ku,
saturation magnetization Ms, exchange constant A and
DMI constant D (DDW ) were used for each ID accord-
ing to the experimentally determined values that have
been already introduced. The damping constant α was
set to 0.015, an average value observed in non-irradiated
Ta/CoFeB/MgO films23. A detailed discussion on the
damping parameter can be found at the end of this sec-
tion. As mentioned earlier, disorder is a key aspect in the
study of the effects of ion irradiation therefore it has been
introduced in this model by generating a grain distribu-
tion of 10 nm average diameter using a Voronoi tessella-
tion of the plane41. Both uniaxial anisotropy constantKu

and easy axis orientation û values are assigned randomly
to each grain with a normal distribution around their
nominal value and a standard deviation σ. Starting from
a Bloch DW in the middle of the computational region
separating two antiparallel domains, the system is let to
relax before the field is applied. Later, with the field on,
the system is let to evolve until the average magnetiza-
tion in the perpendicular direction mz reaches 0.8. The
domain wall velocity is computed from the change in the
average normalized magnetization as v = 1

2Lx
∆<mz>

∆tw
,

where ∆tw is the time window of the simulation. Simu-
lations with three different grain distributions are carried
out for each value of the applied field, from where the av-
erage velocity is computed.
Fig. 6 (a) shows the simulated DW velocity curves ob-
tained using the experimental values of the intrinsic pa-
rameters and an anisotropy dispersion of σ = 0.06 for the
pristine and irradiated systems. The curves obtained re-
produce well the profile of the experimental curves, how-
ever, the effect of irradiation on the intrinsic parameters
does not translate into a significant variation of the max-
imum DW velocity as observed experimentally. As men-
tioned, DW velocity measurements in the creep regime
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have indicated that the irradiation-induced changes in
the intrinsic properties of the system may be accompa-
nied by an increase in defect density while also showing
clear evidence of an irradiation induced change in compo-
sition at the CoFeB/MgO interface16. In addition, there
is a correlation between the DW velocity at the end of the
creep regime (highly sensitive to defects) and the max-
imum DW velocity obtained well into the flow regime
(Fig. 1) and evidence of a modification of the Ta/CoFeB
interface width upon irradiation (Fig. 3). This leads to
the conclusion that disorder plays a crucial role in irra-
diated systems and that it is an aspect that needs to be
considered carefully when analysing DW dynamics even
beyond the creep regime. In order to consider a variation
of disorder as a function of ID the anisotropy dispersion
σ, that simulates disorder in the system, was allowed to
increase from the value of the pristine film (σ0 = 0.06)
up to a saturation value (σmax) as an arctangent function
of the irradiation dose: σ(ID) = 0.06 + 0.11

π arctan
(
ID
2

)
(see Fig. 6 (c)). This particular estimation was chosen to
resemble the evolution of the Ta/CoFeB interface width
presented in Fig. 3 which has been taken as a reference
for the increase of disorder in the system.
In this framework the simulations can reproduce the ini-
tial increase in velocity up to ID= 8 x 1018 He+/m2 fol-
lowed by a small subsequent decrease as shown in Fig.
6 (b). The good correspondence between the simula-
tions and the experimental results reveals the existence
of a maximum level of disorder at around ID= 8 x 1018

He+/m2 that will not be significantly incremented by us-
ing higher irradiation doses, in contrast to the effects of
irradiation on anisotropy and saturation magnetisation.
This is also the profile of the changes observed in DMI as
a function of ID, therefore linking the evolution of disor-
der to the strengthening of DMI and the changes induced
at the Ta/CoFeB interface.
As seen in Fig. 6 (a), considering solely the irradiation
induced increase of DMI is not enough to explain the
observed increase in DW velocity. This feature is most
likely due to the low values of DMI present in the system
before irradiation, a known feature for CoFeB systems
grown on a Ta buffer layer9. This scenario might be dif-
ferent in systems with large DMI where this parameter
is the determining factor for DW velocities in the flow
regime3. In the present case, the increase in DW veloc-
ity seems to be directly related to irradiation induced
disorder, beyond the changes that this produces in the
intrinsic parameters. Previous theoretical studies show
that the spin precession inside a DW in a perfect CoFeB
system constitutes the main dissipation mechanism but
that in disordered films the pinning/depinning of DWs
at grain boundaries, where a distribution of anisotropy
is introduced, can also be an important dissipation chan-
nel. This contribution scales with the defect density, in
this case with irradiation dose, and favours DW motion
in the flow regime42. This, once again, indicates that the
observed irradiation induced DMI is not the determining
factor and that disorder is responsible for the observed

FIG. 6: Micromagnetic simulations considering the irradia-
tion induced changes in the intrinsic parameters with (a) a
constant disorder and (b) an ID dependent disorder. The
simulated disorder variation with ID is plotted in (c).

increase in DW velocity in the flow regime.
In these simulations the value of the Gilbert damping (α)
parameter was kept constant, the value chosen being the
one that corresponds to a similar pristine film of the same
composition23. Previous studies have shown that during
irradiation-assisted crystallization of CoFeB/MgO films
the effective damping obtained by ferromagnetic reso-



8

FIG. 7: BLS linewidth as a function of the applied in-plane
magnetic field, solid lines going through the datapoints cor-
respond to a fitting using Eq. (4) while the lines at the bot-
tom of the graph are simulated neglecting the inhomogeneous
contribution to the effective damping. (b) Gilbert damping
parameter extracted from the fittings in (a).

nance, including the Gilbert damping and an inhomoge-
neous broadening due to disorder, tends to increase start-
ing from irradiation doses close to ID= 1.5 x 1019He+/m2

but that below that threshold, that are the values con-
cerned in this study, no significant changes occur22. Nev-
ertheless, the contribution from the Gilbert damping to
the global effective damping in this system is expected
to be considerably reduced due to the key role played
by defects that can significantly increase the inhomoge-
neous contribution. Fig. 7 (a) shows the BLS linewidth
as a function of the applied in-plane magnetic field where
the profile of the datapoints is indeed far from the lin-
ear dependence that is expected when Gilbert damping
is dominating. Therefore, a model considering an inho-
mogeneous contribution in the form of a variation of the
anisotropy field across the sample ∆HK has been used, in
line with the anisotropy distributions that have been in-
troduced in the micromagnetic simulations. In this model
the BLS linewidth ∆ω depends on the applied magnetic

field H > HK as follows43:

∆ω = αγ(2H −HK) +
γH∆HK

2
√
H2 −HHK

. (2)

The first term of this expression contains the intrin-
sic damping characterised by the Gilbert damping and
the second term describes the inhomogeneous broaden-
ing due to variations in the anisotropy field. Solid lines
going through the datapoints in Fig. 7 (a) are the result
of a fitting using this full expression while the lines in
the bottom part of the graph are done using the same
fitting parameters but only considering the first term of
this expression. These curves are the expected result
in the absence of a significant contribution from ∆HK ,
which shows that the inhomogeneous component is en-
tirely dominating the observed BLS linewidth. Using this
expression the values of the Gilbert damping were ex-
tracted and are plotted in Fig. 7 (b), which does not
show to be greatly affected by irradiation and also shows
values close to the estimated value of 0.015 previously re-
ported. The second fitting parameter that was obtained
was ∆HK which presented a monotonous increase going
from 4.5% of the anisotropy field for the non irrradiated
film to up to 7.5% for ID= 1.2 x 1019He+/m2. These
values are also in the range of the estimations made by
micromagnetic simulations and further validate the anal-
ysis that was previously presented.
In conclusion, this study presents the influence of
He+ irradiation on the interfacial structure and the
high field DW dynamics beyond the creep regime in
Ta/CoFeB/MgO films. We show a structural charac-
terisation that indicates a broadening of the Ta/CoFeB
interface that leads to an increase in the magnitude of
the DMI, evidenced by DW motion measurements and
BLS, in pristine films with a nearly quenched DMI. We
studied the DW dynamics in the flow regime supported
by micromagnetic simulations that indicate the crucial
role played by the irradiation induced disorder beyond
the changes produced in the intrinsic parameters like
magnetic anisotropy, DMI and saturation magnetisation.
Disorder seems to also be the key aspect responsible for
the increase in DW velocity upon irradiation and it re-
veals itself as the dominant feature in the BLS linewidth
while the value of the Gilbert damping is not greatly
affected. This thorough study of the effects of ion irra-
diation on ultra thin films with perpendicular anisotropy
provides insight for the understanding of important phys-
ical phenomena like the enhancement of intefacial DMI
and the role of defects in DW motion at high fields. In
addition, it is also of relevant for the development of spin-
tronics devices for applications where magnetic pattern-
ing of DMI and DW velocity can be of considerable in-
terest.
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36 H. Bernas, J.-P. Attané, K.-H. Heinig, D. Halley, D. Rav-
elosona, A. Marty, P. Auric, C. Chappert, and Y. Samson,
Phys. Rev. Lett. 91, 077203 (2003).



10

37 J.Ziegler, J.Biersak and U.Littmark, The stopping of ions
in matter Pergamon, New York, (1985).

38 M. Cecot, . Karwacki, W. Skowroski, J. Kanak, J. Wrona,
A. ywczak, L. Yao, S. van Dijken, J. Barna, and T. Sto-
biecki, Scientific Reports 7, 968 (2017).

39 A. L. Balk, K-W. Kim, D. T. Pierce, M. D. Stiles, J.
Unguris and S. M. Stavis, Phys. Rev. Lett. 119, 077205
(2017).

40 A. Vansteenkiste, J. Leliaert, M. Dvornik, M. Helsen, F.
Garcia-Sanchez and B. Van Waeyenberge, AIP Adv. 4,

107133 (2014).
41 J. Leliaert, B. Van de Wiele, A. Vansteenkiste, L. Laurson,
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