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Accelerating the laser-induced demagnetization of a ferromagnetic film
by antiferromagnetic order in an adjacent layer
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We study the ultrafast demagnetization of Ni/NiMn and Co/NiMn ferromagnetic/antiferromagnetic bilayer
systems after excitation by a laser pulse. We probe the ferromagnetic order of Ni and Co using magnetic
circular dichroism in time-resolved pump-probe resonant x-ray reflectivity. Tuning the sample temperature across
the antiferromagnetic ordering temperature of the NiMn layer allows us to investigate effects induced by the
magnetic order of the latter. The presence of antiferromagnetic order in NiMn speeds up the demagnetization of
the ferromagnetic layer, which is attributed to bidirectional laser-induced superdiffusive spin currents between
the ferromagnetic and the antiferromagnetic layer.
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I. INTRODUCTION

Magnetic recording and storage media will face major
challenges in the near future regarding energy efficiency and
data transfer speed due to increased demand and continuing
growth of data storage volume. Much could be gained by
switching from field-induced manipulation of magnetic order,
where speed is limited by spin precession dynamics [1–3],
to manipulation by ultrashort light pulses [4–11]. To explain
ultrafast magnetization dynamics following the excitation by
an ultrashort laser pulse, a number of different approaches are
being discussed. One can distinguish between local mecha-
nisms such as scattering with (quasi)particles [5,6,12–14] and
nonlocal mechanisms such as transport by superdiffusive spin
currents [15,16]. In heterostructures, the latter may dominate
the observed dynamic behavior since they allow transfer of
angular momentum between different ferromagnetic layers,
which may even lead to an entirely different dynamic behavior
as compared to isolated layers [17,18]. Transient superdiffu-
sive spin currents are also expected to occur at the interface
between an antiferromagnet (AFM) and a ferromagnet (FM).
Although unpolarized in the interior of an AFM layer, su-
perdiffusive currents excited by a laser pulse become spin
polarized in the vicinity of the interface to an FM layer
because of spin-polarized interface reflection and transmis-
sion. In this work, we present a study on the ultrafast optical
demagnetization of an FM/AFM layered system. We show
that the presence of antiferromagnetic order in an adjacent
layer accelerates the demagnetization of the FM layer, which
we attribute to the exchange of superdiffusive spin currents
between the two layers.

FM/AFM layered systems are well known in device de-
sign, as the exchange interaction between the two layers leads
to an exchange bias (EB) effect, resulting in the magnetic

pinning of the FM layer [19,20]. NiFe/NiO as an FM/AFM
system has been already studied by time-resolved magneto-
optical Kerr effect in the pioneering works of Ju et al. where
an unpinning of the interface spins within times �1 ps was
reported [21–23]. More recently, the torque on the FM spins
in an FM/AFM bilayer after laser excitation was investigated
[24], suggesting, like the works of Ju et al., that the mag-
netization in such a system is switchable by a laser pulse.
In extension of these previous investigations, which were
mainly targeting the evolution of EB after laser excitation
and the correlated precessional motion of the FM macrospin,
we investigate here the ultrafast processes in an FM/AFM
bilayer system after an optical excitation pulse. Using Ni
and Co as ferromagnets and NiMn as an antiferromagnet, we
have grown epitaxial FM/AFM bilayer samples with easily
accessible Néel temperature TN of the AFM layer. We employ
resonant x-ray magnetic circular dichroism in reflectivity to
probe the magnetization with elemental resolution. Compar-
ing the demagnetization behavior above and below TN allows
us then to investigate the influence of the magnetic order in the
NiMn layer on the demagnetization of Ni and Co following
the excitation with a femtosecond laser pulse. We observe a
significantly faster demagnetization for the same amount of
demagnetization of the FM layer if the adjacent NiMn layer
is antiferromagnetically ordered. We discuss this in terms of
the exchange of angular momentum through the FM/AFM
interface by superdiffusive spin currents.

II. EXPERIMENT

The samples are grown by molecular beam epitaxy in our
home laboratory at the Freie Universität Berlin. All films are
prepared on Cu(001) single crystals, which were cleaned by
multiple Ar+ sputtering and annealing cycles. The surface
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integrity is verified by LEED and the sample’s cleanliness
by Auger electron spectroscopy. The materials are thermally
evaporated by electron bombardment from a rod of 99.998%
purity for Ni and Co, and from Mn flakes with 99.98% purity
in a Ta crucible. During evaporation the sample is kept at room
temperature and deposition rates of about 1 monolayer (ML)
per minute are used. The pressure is kept below 1 × 10−9

mbar while evaporating, with a base pressure of ≈6 × 10−10

mbar. Deposition is monitored by medium-energy electron
diffraction to ensure layer-by-layer growth. Composition and
thickness are additionally checked and calibrated by the signal
intensity in Auger electron spectroscopy. After preparation,
the samples are capped by 20 ML Cu with purity of 99.99%,
evaporated from a Ta crucible, to prevent sample oxidation
during transport. We prepared a 20 ML Cu/15 ML Co/20
ML Ni31Mn69/Cu(001) and a 20 ML Cu/12 ML Ni/14 ML
Ni38Mn62/Cu(001) sample. For the AFM layer we chose
NiMn, an alloy which orders antiferromagnetically around
equiatomic concentrations. Furthermore, EB can occur both in
in-plane and out-of-plane geometries [25,26] and a vanishing
of direct exchange coupling between out-of-plane-magnetized
FM layers across NiMn indicates a spin reorientation, pos-
sibly between an in-plane and an out-of-plane AFM spin
structure at temperatures about halfway between the Néel
temperature and the onset of EB [26]. For the present inves-
tigation we chose a stoichiometry close to Ni40Mn60, the Ni
to Mn ratio for which we have a detailed investigation of the
Néel temperature [26]. Both the thickness and the concentra-
tion were chosen to have TN around 360 K [25–27]. For the
FM layer we selected Ni with an out-of-plane and Co with an
in-plane easy axis of magnetization.

The experiments are carried out at the femtoslicing facility
at beamline UE56/1 ZPM of the synchrotron radiation source
BESSY II in Berlin. This facility provides ultrafast soft x-ray
pulses for time-resolved experiments [28]. The setup allows
us to measure the transmitted or reflected intensity of the cir-
cularly polarized x-ray probe pulse following the pump laser
pulse. The system measures at 6 kHz repetition rate, alternat-
ing between X-ray probe pulses with and without a leading
laser pump pulse with variable pump-probe delay time. This
measurement scheme allows for quasisimultaneous recording
of the pumped and the unpumped signal. The x-ray and laser
spot sizes are 140 μm × 40 μm and 1500 μm × 200 μm,
respectively. Both are co-propagating with an angle of 1–2◦
between them to separate them again after reflection at the
sample. By switching the magnetization of the sample by an
external magnetic field, we make use of the x-ray magnetic
circular dichroism (XMCD) in reflection [29] as an element-
resolved probe of the magnetization. All measurements are
performed in saturation conditions under applied magnetic
fields of ±300 mT for Co/NiMn and ±400 mT for Ni/NiMn.
The laser pulse has a temporal full width at half maximum
(FWHM) of 60 fs and the x-ray pulse of 100 fs, with a
resolving power of E/�E = 500.

To find the optimum measurement conditions, a range of
static reflectivity scans are performed, identifying the angle
with the highest magnetic contrast for a given photon energy
while still providing enough photon intensity for the slicing
measurements. Energies around the L3 edges of Ni and Co
were checked and chosen such that the anticipated data ac-
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FIG. 1. (a) Schematic representation of the Co/NiMn sample.
The measurements are performed in reflectivity with an 800 nm
pump and 775.6 eV (≈1.6 nm) probe pulse. (b) Optimum mea-
surement conditions are found by taking spectra at different angles
and comparing θ − 2θ scans at different photon energies. The most
efficient conditions with respect to a minimized data acquisition time
for Co are found at θ = 7◦, highlighted by a vertical dashed line
in the figure. The optimum photon energy for Co is identified as
E = 775.6 eV, highlighted by the dashed vertical line shown in the
inset of the figure, where a spectrum recorded at 7◦ incidence is
shown.

quisition time is minimized. For Co the optimum conditions
are found at 7◦ angle of incidence with respect to the surface
and 775.6 eV photon energy, indicated in the reflectivity and
energy scans presented in Fig. 1. In a similar fashion, the
optimum conditions for Ni are identified at 6.5◦ angle of
incidence and a photon energy of 845.0 eV.

The range of pump fluences investigated is chosen such
that the system completely demagnetizes at the highest flu-
ence and shows a considerable demagnetization at the lower
end, in order to study the influence of different excitation
strengths on the system. The cobalt system is thus investigated
with incident fluences between 10 and 50 mJ/cm2, covering a
demagnetization range from 20 to 100%, as shown in Fig. 2.
For Ni/NiMn we recorded data for two different incident flu-
ences of 15 and 46 mJ/cm2, resulting in 60 and 90% relative
demagnetization, respectively. From a layerwise absorption
calculation the surface-transmitted fluence is estimated to be
about 15–20% of the incident fluence, see Appendix. To
investigate the effect of the magnetic order of the antiferro-
magnetic layer on the demagnetization dynamics, two base
temperatures of 80 and 390 K for Co/NiMn and 80 and 360 K
for Ni/NiMn were chosen, respectively. While the FM layer
keeps its magnetization, the NiMn layer undergoes a phase
transition from AFM at low temperatures to paramagnetic at
the higher base temperature.

214418-2



ACCELERATING THE LASER-INDUCED … PHYSICAL REVIEW B 102, 214418 (2020)

Time delay (ps)

X
M

C
D

-0.25      0.00       0.25      0.50      0.75       1.00      1.25      1.50      1.75

0.5

0.4

0.3

0.2

0.1

0.0

10 mJ/cm2
20 mJ/cm2
30 mJ/cm2
40 mJ/cm2
50 mJ/cm2

FIG. 2. Time delay traces of the Co demagnetization in
Co/NiMn. Here the XMCD at the Co L3 edge as a function of the
delay at 390 K for different laser fluences is shown. With increased
laser fluence, it takes longer to reach the minimum magnetization,
and also the remagnetization takes longer. Complete demagnetiza-
tion is reached with 50 mJ/cm2 incident laser fluence.

III. RESULTS

Figure 2 shows delay traces of the time-dependent XMCD
of the Co/NiMn sample, measured at the Co L3 edge, for
390 K sample temperature at different incident pump fluences.
The XMCD is defined as the asymmetry of the intensity of
the reflected beam with respect to the direction of the applied
magnetic field. Upon excitation by the laser pulse, a decrease
of the XMCD signal to a minimum in XMCD before 600 fs
is observed in all cases. With increasing fluence the minimum
shifts to longer times and the total change in XMCD increases,
following the expected behavior for ferromagnetic thin films
after a higher heat load [8]. In order to compare the dynamics
in Ni/NiMn and Co/NiMn, two measurements at different
fluences that show about the same relative demagnetization
are presented in Fig. 3. In the Co/NiMn sample [Fig. 3(a)], the
XMCD before time zero is virtually unchanged upon increase
of the sample temperature due to the relatively high TC of Co
∼1300 K at 15 ML thickness [30], decreasing only from 0.42
to 0.41. This is in contrast to the Ni/NiMn sample, where the
XMCD decreases from 0.32 at 80 K to 0.18 at 360 K, shown
in Fig. 3(b) at negative delay times. This significant decrease
in static XMCD signal for Ni results from the sizable change
in magnetization between the two measured temperatures due
to the reduced TC of the Ni thin film, which was found to be
at ∼400 K.

While the static measurement does not reveal a difference
between the two temperatures for Co/NiMn, the dynamic
XMCD shows a different time evolution. The decrease of
magnetization of the Co layer at the lower base temperature,
where the NiMn layer is antiferromagnetically ordered, is
distinctly faster compared to the higher base temperature. To
evaluate this quantitatively, all delay traces recorded were
fitted using the sum of two exponentials describing a fast
demagnetization and a subsequent slower initial remagneti-
zation, respectively, from which the de- and remagnetization
time constants are evaluated. The sum of the exponentials
is convoluted with a Gaussian function of FWHM = 120 fs
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FIG. 3. Selected time delay traces for the demagnetization of Co
and Ni in Co/NiMn and Ni/NiMn, respectively. Red circles indicate
the high and blue squares the low base temperature, as indicated in
the legends; the filled symbols show data for the Co/NiMn sample
and open symbols for the Ni/NiMn sample. Panel (a) shows delay
traces of the demagnetization of Co at 30 mJ/cm2 laser fluence at
80 and 390 K, panel (b) the demagnetization of Ni/NiMn after laser
excitation with 15 mJ/cm2 laser fluence.

to account for the experimental resolution. The fit function
corresponds thus to

M

M0
(t ) = g(t ) ⊗ (

C + [
a
(
e− t−t0

τd − 1
)

− b
(
e− t−t0

τr − 1
)]

θ (t − t0)
)
, (1)

with the initial XMCD C, the amplitudes for de- and remag-
netization a and b, the de- and remagnetization time constants
τd and τr , the Gaussian profile g(t ) of the instrumental reso-
lution, and the Heaviside step function θ at t0. The curves are
fitted with different amplitudes for de- and remagnetization,
since the complete remagnetization dynamics may not be
adequately described by a single exponential. However, for
the time window 2 ps used for the fitting, the remagnetization,
which is anyway not in the focus of the present investigation,
can be well reproduced with a single exponential. As the
relative timing of pump and probe pulses shows slow drifts
over the time period of this study, the curves plotted in this
work are shifted by t0 obtained from the fits, in order to have
a common zero for all graphs.

A fluence-dependent comparison of the demagnetization
times and amplitudes for different temperatures is presented in
Fig. 4. For both base temperatures and samples, the quench of
the magnetization, depicted in Fig. 4(a) as change of XMCD
�XMCD in the same absolute values as on the vertical axes in
Figs. 2 and 3, increases with fluence. Except for the highest
fluence, this is true also for the demagnetization time τd .
For the higher sample temperature, demagnetization times are
longer and the relative demagnetization stronger, similar to the
observations in Ref. [31]. In absolute values, i.e., in XMCD
asymmetry �XMCD, the cold Ni/NiMn sample demagnetizes
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FIG. 4. (a) Demagnetization amplitude in XMCD asymmetry
after laser excitation for Co (filled symbols) and Ni (open symbols),
at 80 K and 360 K for Ni and 390 K for Co, respectively, as denoted
in the legend in panel (b). The amplitude of the demagnetization
follows a linear trend at lower fluences and is slightly higher for
elevated sample temperatures for cobalt, considering the same flu-
ence. (b) Magnetization decay time τd versus fluence. Generally, a
higher base temperature leads to longer demagnetization times with
the largest difference for Co/NiMn around 30 to 40 mJ/cm2 laser
fluence.

more than the warm one, but when considering the relative
amount of magnetization quenched at the lower temperature
it is actually less than at the higher temperature. When the
Co/NiMn system fully demagnetizes, which is the case for
50 mJ/cm2 at 390 K, the demagnetization is again faster.

To obtain more information on the role of the antiferromag-
netic order in the NiMn layer, we compare the magnetization
decay times for Co and Ni as a function of the reduction of
the XMCD signal in Fig. 5. For Co/NiMn, the fluence range
covers similar demagnetization at both temperatures, while
for Ni/NiMn, where the static difference in magnetization is
already quite sizable, this is not the case. We observe a differ-
ence of τd of up to 50 fs for Co/NiMn for the two temperatures
around a demagnetization corresponding to a change of the
XMCD of 0.3. The difference, albeit small, is still greater than
the experimental error and the uncertainty from fitting. The
data for Ni/NiMn suggest that the difference in demagnetiza-
tion times for demagnetization amplitudes around 0.15–0.20
could be even greater than that.

IV. DISCUSSION

The comparison of the demagnetization time constants at
different temperatures for equal demagnetization amplitudes
(Fig. 5) highlights the role of the AFM order in the NiMn layer
for the speed of demagnetization of the FM layer. The results
show that the demagnetization rate of the FM layer is higher if
the AFM layer exhibits magnetic order. It makes the inclusion
of new dissipation channels introduced by the adjacent AFM
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FIG. 5. Demagnetization times τd vs demagnetization amplitude
for Co/NiMn (filled symbols) and Ni/NiMn (open symbols) at 80 K
(green, blue) and 360 K for Ni and 390 K for Co, respectively
(pink, red). The demagnetization time, considering a similar quench
of XMCD asymmetry, shows a difference for the two temperatures
measured. In Co/NiMn, for both base temperatures an XMCD of
0.42 for 80 K and 0.41 for 390 K was measured before time zero,
while for Ni/NiMn an XMCD asymmetry of 0.32 for 80 K and 0.18
for 360 K was observed at negative delay times.

layer necessary for the description of the demagnetization
dynamics. We suggest in the following that superdiffusive
spin currents [15–18] are responsible for the faster demagne-
tization of the FM layer at the lower temperature, i.e., in the
presence of antiferromagnetic order in the NiMn layer.

Transport by superdiffusive currents plays an important
role for the ultrafast demagnetization as shown, for example,
in Refs. [16–18], where a contribution of transport to an adja-
cent layer to the ultrafast demagnetization has been reported.
Before we discuss superdiffusive spin currents in the sample,
we take a short look at the simulated differential absorbed
laser fluence across the Co/NiMn bilayer, presented in the
Appendix, Fig. 6. The energy absorbed in the Co layer is
about the same as the one absorbed in the NiMn layer, with
a difference of only about 1–2%. Hot electrons will thus be
excited both in the Co and in the NiMn layer. Excitations in
the FM Co layer give rise to a superdiffusive spin current that
enters the NiMn layer as well as the cap layer. Similarly, the
excitation of the NiMn layer will lead to superdiffusive hot
electrons that will be transported through the interface into
the FM layer and the Cu substrate. We will discuss in the
following how these superdiffusive spin currents contribute
to the observed difference in FM-layer demagnetization times
below and above the AFM ordering temperature.

The decisive aspect for the demagnetization of the FM
layer is the dissipation of angular momentum by the exchange
of spin currents with the NiMn layer. Although spin mixing
is enhanced after pumping, the superdiffusive spin current
carried by hot electrons from the FM layer to the FM/AFM
interface consists mainly of spin-majority species [15]. Be-
low TN , we assume the magnetization in the FM layer to be
collinear with the magnetization axis of the sublattices of the
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FIG. 6. Differential absorption over sample depth for the
Co/NiMn sample. The optical constants for NiMn are estimated to
lie between the ones for bulk Ni and for bulk Mn. To estimate the
absorbed energy in each layer, two absorption profiles are shown,
one with the optical constants of Ni for the NiMn alloy (red) and one
with the optical constants of Mn (blue). The numbers indicate the
fraction of absorbed pump-pulse fluence in each layer.

ordered AFM NiMn layer. This configuration results in an in-
jection of the spin-polarized electrons into empty states of the
AFM of the same spin character. In the high-temperature para-
magnetic state, though, the magnetic moments in the NiMn
layer are disordered, resulting in a spin-character mismatch
due to the random relative orientation of the spin moments in
the NiMn layer with respect to the FM-aligned spins in Co.
Under such conditions, the spin penetration depth becomes
strongly reduced to about one nanometer [32], leading to re-
flection of carriers at the interface. Conversely, spin-polarized
electron penetration into magnetic systems with collinear spin
orientation is much larger [33]. In the AFM-ordered state
with a collinear spin structure, the superdiffusive majority-
type spin current from the FM layer can thus propagate much
farther into the NiMn layer, making it a more efficient sink
for angular momentum. This leads to shorter demagnetization
times for the FM layer adjacent to the ordered AFM layer, as is
observed experimentally. In principle the different electronic
states at the interface might also influence the spin-dependent
transmission probabilities. Altogether, however, we expect the
difference in the spin penetration depths for the collinear and
noncollinear arrangements of the layers to be dominating.

In turn, the superdiffusive current of hot electrons originat-
ing in the NiMn layer will be transported through the interface
into the FM layer. Likewise, for collinear AFM spin order in
the NiMn layer, interface reflection is reduced compared to
the case of a magnetically disordered NiMn layer. Despite the
absence of a macroscopic magnetization in an AFM, a spin
current representing the minority species of the FM layer will
be preferentially entering the FM layer, as there are more un-
occupied minority-spin states available, thus also accelerating
its demagnetization.

We now argue that the change of temperature alone, with-
out considering the ordering transition in the NiMn layer,
cannot explain our experimental observation. The effect of

temperature has not yet been discussed in detail in the model
of superdiffusive transport (see Refs. [15] and [34]), where
the FM layer is considered fully magnetic. In general, spin
lifetimes and spin-dependent velocities of the excited elec-
trons change with temperature. This could play a role in the
Ni/NiMn sample, where the asymmetry in the spin lifetimes
and spin velocities will be reduced at 360 K, in the same way
as the static XMCD. For Co, though, a change of this asym-
metry is negligible since the change of the experimentally
measured XMCD is marginal between the two temperatures.

In addition, the excited electron lifetime decreases at
higher temperatures due to enhanced scattering probabilities.
Furthermore, slightly different states will be addressed at
different temperatures, depending on the slope of the band
structure. This could influence the electron velocity in either
direction, but this is also considered a negligible effect here
as the change in temperature is only about 300 K. When
the transport is dominated by photoexcited hot electrons,
electron-electron scattering is the dominant energy loss mech-
anism, which is nearly temperature independent. Following
this line of argumentation, we do not expect a significant
change in the demagnetization time for equal demagnetization
as a result of the different base temperature in the FM.

Next we exclude local mechanisms for angular momentum
dissipation as a possible explanation. Local demagnetiza-
tion can be caused by Elliott-Yafet electron-phonon spin-flip
scattering [8] or ultrafast magnon generation [14,35–37]. In
the work of Schellekens et al. [38], local demagnetization
due to Elliott-Yafet spin-flip scattering has been proposed as
the main driving mechanism that could be orders of magnitude
stronger compared to spin transport. However, the relative
contributions of the microscopic processes strongly depend
on the system and properties under investigation [14,39].
While electronic-structure-based calculations of the Elliott-
Yafet electron-phonon spin-flip scattering predict that this can
only give a small contribution to the laser-induced demagne-
tization [40,41], others suggested that a feedback mechanism
of the magnetization change and the spin-dependent chemical
potential on the band structure would lead to an additional
reduction of the exchange splitting [42,43]. However, such
a collapse of the exchange splitting has not been found in
femtosecond spin-polarized photoemission experiments [36]
and also not in extreme ultraviolet transversal magneto-optical
Kerr effect (TMOKE) measurements [14] on Co. In any case,
using the expressions given in Ref. [40] one can calculate
that an increase in temperature from 80 to 390 K leads to
an increase in the Elliott-Yafet spin-flip scattering by about
a factor of 2.5 due to the increased phonon population. This
corresponds to a faster electron-phonon demagnetization of
Co at higher temperatures, which is, however, opposite to the
here-measured trend, which shows a slower demagnetization
of Co in Co/NiMn at 390 K.

Magnetization dissipation by transversal spin excitations
[14,36,37], i.e., ultrafast magnon generation, is another mech-
anism we exclude, based on the timescale of our observations.
Analogous to the case of ultrafast magnon generation fol-
lowed by spin pumping into an adjacent layer [44,45],
magnons excited in the FM layer by ultrafast carriers could
couple to magnon modes in the ordered AFM layer, a coupling
that would be absent in the disordered case. This could also
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lead to a faster demagnetization of the FM layer when in
contact with the ordered AFM layer. However, the timescale
of the initial energy transfer process from hot electrons to hot
magnons in an FM has not been definitely established. Effects
of hot magnon excitation have been detected in laser-excited
Co at already 100 fs [36]. The timescale to couple the hot
FM magnons to magnon modes in the AFM is neither pre-
cisely known. Magnon transport, assuming even a quite high
magnon group velocity of ∼104 m/s [46], would only result
in an angular momentum transfer over 1 nm in 100 fs, which
is not enough to explain the faster demagnetization timescale
seen in Fig. 5. Thus, although the angular momentum transfer
process, starting with hot magnons in the FM layer and their
subsequent diffusion into the adjacent layer, is possible, it
is expected to occur on a longer timescale than transfer by
superdiffusive spin currents.

We finally note that we expect the same effect for the
Ni/NiMn sample as in the Co/NiMn film. This is motivated
by the Ni data presented in Fig. 5, where one pair of data
points of almost equal magnetization quench shows a much
faster rate at the lower temperature. The demagnetization
times for Ni at lower temperatures for each pair of same
fluence is smaller, but we do not have the data to directly
compare pairs of equal demagnetization amplitude for the two
temperatures measured.

V. CONCLUSIONS AND OUTLOOK

In conclusion, we infer from our experimental findings
superdiffusive spin transport to play a significant role for
the demagnetization of an FM/AFM system. A general
temperature dependence of demagnetization as well as the
contribution of Elliott-Yafet processes cannot account for the
observed temperature dependence of the demagnetization.
Moreover, a magnon-related contribution to the demagnetiza-
tion is expected to occur on a longer timescale. Therefore, we
attribute the accelerated demagnetization at low temperatures
in Co/NiMn and Ni/NiMn to the presence of AFM order in
the NiMn layer.

Superdiffusive spin currents can be exchanged more easily
between the FM layer and the adjacent AFM-ordered NiMn
layer, while the disordered NiMn layer acts as a barrier for
the penetration of superdiffusive currents. The AFM-ordered

NiMn layer thus represents on one hand a sink for majority
spin current from the FM layer, while on the other hand it in-
jects minority spin current into the FM layer. Both accelerates
the FM-layer demagnetization and explains the experimental
observations.

To accelerate the ultrafast demagnetization by AFM spin
order in an adjacent layer may become important for the
ultrafast optical manipulation of magnetic order in magnetic
recording or spintronic devices. Rotating the spin axis of
the AFM layer between perpendicular and parallel to the
FM-layer magnetization, for example by staggered spin-orbit
torques [47], could be a means of tuning the demagnetization
speed of an FM layer. It might finally be interesting to see,
possibly by time-resolved magnetic linear dichroism, how in
a reverse experiment the presence of FM spin order in an
adjacent layer influences the optical quench of the magnetic
order in an AFM layer.
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APPENDIX: DIFFERENTIAL ABSORPTION

We simulate the layerwise absorption of the pump pulse in
the Co/NiMn sample using the matrix formalism described in
Ref. [48]. The optical constants of NiMn alloy are approxi-
mated by calculating the boundary scenarios of a pure Ni or
Mn film. To estimate the absorption, both cases are presented
in Fig. 6, where the NiMn alloy absorption is calculated once
with the constants of Ni as nNi = 2.2180 + i 4.8925 and once
with the ones of Mn, nMn = 2.7880 + i 3.9982, both taken
from Ref. [49]. The vertical layer distance for NiMn has been
measured at the present concentration as 1.88 Å/ML [25], for
Co we use 1.74 Å/ML [50] and for Cu 1.81 Å/ML. In both
cases the absorption in the Co layer is slightly higher, but
each layer absorbs roughly the same magnitude, ≈7%, of the
incident fluence.
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