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We report the observation of a light-induced subpicosecond topological phase transition in the antiferromag-
netic Dirac semimetal EuAgAs, achieved through precise manipulation of its magnetic configuration. Using ul-
trafast optical spectroscopy, we probe the nonequilibrium carrier dynamics and reveal a magnetic-order-driven
transition between distinct topological states. Our results demonstrate that EuAgAs, with its highly tunable
magnetic structure, offers a unique platform for exploring topological phase transitions, distinct from conven-
tional methods like Floquet engineering, coherent-phonon excitation, and lattice structural modifications. These
results underscore the potential of ultrashort optical pulses as powerful tools for real-time control of topological
phases, opening pathways for advances in spintronics, quantum computing, and energy-efficient information
technologies.

Magnetic topological materials are of considerable inter-
est due to the coupling between magnetism and topological
states, which can lead to the emergence of exotic quantum
phenomena such as the quantum anomalous Hall effect [1, 2],
topological magnetoelectric effects [3, 4], and the topological
Hall effect [5–7]. A defining characteristic of these materi-
als is the ability to drive topological phase transitions through
the control of magnetic ordering [6–13]. This capability holds
promise for developing new spintronics, quantum computing
architectures, and energy-efficient information storage tech-
nologies.

Eu-based rare-earth compounds, known for their strong
spin-orbit coupling and magnetic interactions mediated by lo-
calized 4 f electrons, have gained attention as promising can-
didates for realizing tunable magnetic topological states. Ma-
terials like EuIn2As2 [14, 15] and EuCd2As2 [16, 17] exhibit
magnetic topological phases that respond sensitively to exter-
nal perturbations such as magnetic fields and strain, enabling
transitions between Dirac and Weyl semimetal states. This
makes them ideal platforms for exploring the rich interplay
between magnetism and topology.

In this context, EuAgAs, an antiferromagnetic (AFM)
Dirac semimetal with a Néel temperature (TN) of 12 K, has
recently been identified as a promising candidate for further
investigation [18–20]. The material’s A-type AFM order, with
ferromagnetic (FM) coupling within Eu hexagonal layers and
AFM coupling between layers along the c-axis [20, 21], drives
several interesting topological transitions. Previous studies
have reported the observation of chiral anomaly-induced pos-
itive longitudinal magnetoconductivity in materials, which
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has been interpreted as evidence for the generation of Weyl
fermion states under the influence of an applied magnetic
field[20]. Despite these advances, direct experimental obser-
vation of the evolution of topological band structure in re-
sponse to changes in magnetic order remains an elusive goal.

Ultrafast laser spectroscopy offers a powerful tool for prob-
ing and manipulating topological materials [22, 23]. By
rapidly perturbing the energy landscape, this technique allows
for the detection of subtle changes in electronic structure and
the induction of topological phase transitions. Previous stud-
ies have demonstrated the efficacy of ultrafast spectroscopy
in investigating high-temperature superconductors [24–26],
heavy fermion systems [27, 28], and topological materials
[29–32]. However, unlike conventional ultrafast spectroscopy
methods used to induce topological phase transitions, such
as Floquet engineering [[33–35], coherent-phonon excitation
[31], or lattice structure modification [32, 36], our approach
here focuses on achieving topological transitions by tuning the
magnetic configuration of EuAgAs. The metamagnetic na-
ture of EuAgAs [20], coupled with the proximity of its Fermi
level to Dirac points in all topological states [18, 20], makes
it highly susceptible to external perturbations [18–20], includ-
ing magnetic fields, strain, and pressure. These unique charac-
teristics provide a direct and distinct route to controlling topo-
logical phase transitions, offering new insights beyond tradi-
tional topological manipulation techniques.

In this letter, we report an ultrafast optical spectroscopy
study of the response of EuAgAs single crystal after it has
been driven out of equilibrium with an ultrashort laser pulse.
Our results show that by tuning the magnetic configuration,
we can achieve rapid phase transitions between different topo-
logical states. This real-time control of topological phases not
only complements existing techniques that e.g. rely on exter-
nal electromagnetic or structural modifications, but also pro-
vides a novel method for manipulating quantum states.
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High-quality single crystals of EuAgAs were synthesized
using Bi-flux methods, with a TN of approximately 12 K
[20, 37] (see details in the Supplementary Materials [38]). Ul-
trafast differential reflectivity ∆R/R measurements were car-
ried out at a center wavelength of 800 nm (∼ 1.55 eV) using
a Yb-based femtosecond laser oscillator operating at 1 MHz
with a pulse width of ∼ 35 fs. The pump and probe beams
were focused onto the sample in a high vacuum environment
(< 10−6 Torr). The spot sizes were ∼140 µm and ∼60 µm
for the pump and probe, respectively. The pump beam was
s-polarized, and the probe beam was p-polarized. Further de-
tails of the experimental setup are available elsewhere [24].

The sensitivity of ultrafast spectroscopy to near-Fermi-level
excitations makes it particularly well-suited for studying topo-
logical materials, where the electronic structure plays a crucial
role. Figure 1(a) presents typical transient differential reflec-
tivity ∆R/R as a function of delay time over a temperature
range from 4 to 275 K at a low pump fluence of ∼ 13 µJ/cm2.
Photoexcitation creates non-thermal electron and hole distri-
butions that heat the electron gas, resulting in rapid ∆R/R
changes. Thereafter, a rapid recovery of the change of pho-
toinduced reflectivity occurred within ∼1 ps. Notably, the
∆R/R signal maintains a temperature-independent lineshape
across the full range of measurements, but the amplitude of
the signal exhibits strong temperature dependence, particu-
larly around TN . Below TN , EuAgAs enters an AFM phase,
and the change in ∆R/R amplitude suggests that the AFM or-
dering significantly modifies the low-energy electronic struc-
ture near EF .

The 2D pseudocolor map in Fig. 1(b) highlights this tem-
perature dependence more clearly. In particular, around TN ,
there is a noticeable suppression in the ∆R/R amplitude,
which points to a phase transition driven by the onset of AFM
order. This transition is accompanied by a substantial change
in the electronic band structure, as the system evolves from a
PM Dirac semimetal state to an AFM topological state. Addi-
tionally, a local minimum in amplitude is observed in the tem-
perature range of 30 K to 50 K, which closely corresponds to
the magnetic fluctuations detected in transport measurements
(see details in the Supplementary Materials [38]).

A quantitative analysis of quasiparticle dynamics was per-
formed to examine its temperature-dependent behavior. The
solid black lines in Fig. 1(a) indicate that, across all mea-
sured temperature ranges, the transient reflectivity over the
measured time domain fits well with

R(t)
R

=
1√
2πw

exp(− t2

2w2 )

⊗ [
2

∑
i=1

Ai(1− exp(− t
τbuildup

))exp(− t
τi
)+C]

(1)

where Ai and τi represent the amplitude and relaxation time
of the ith decay process, τbuildup is the finite time required to
build up the non-equilibrium quasiparticle population, w is the
incident pulse temporal duration, and C is a constant offset.
For the low fluence regime, the transient reflectivity data can
be well fitted with a single-exponential decay (i = 1).

Figure 1(c) summarizes the temperature dependence of am-
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FIG. 1. Temperature-Dependent Transient Reflectivity in Eu-
AgAs. (a) Transient differential reflectivity ∆R/R as a function of
delay time at various temperatures, ranging from 4 K to 275 K, mea-
sured at a pump fluence of ∼ 13 µJ/cm2. The black solid lines are fits
with Eq. (1). (b) 2D pseudocolor map showing ∆R/R as a function
of both temperature and delay time. The logarithmic temperature
scale highlights significant changes near TN , indicating the influence
of AFM ordering on the electronic structure. (c) Extracted amplitude
A (upper panel) and relaxation time τ (lower panel) as functions of
temperature, showing clear anomalies around TN . The green solid
line represents a TTM fit.

plitude A1 and relaxation time τ1. The extracted parame-
ters reveal clear anomalies at TN , where both the amplitude
and relaxation time undergo significant changes. In general,
electron-electron scattering rapidly thermalizes the electron
and hole distributions within tens of femtoseconds. Subse-
quently, hot carriers transfer their excess energy to the lattice
system through electron-phonon (e-ph) scattering, which typ-
ically occurs on a picosecond timescale in semimetals [39–
44]. At higher temperatures, EuAgAs has been suggested as
a non-magnetic topological Dirac semimetal [18]. Similar to
other Dirac semimetals [41–44], the ultrafast relaxation dy-
namics of hot Dirac fermionic quasiparticles in EuAgAs ex-
hibit a comparable timescale (∼1 ps), suggesting a dominant
e-ph scattering mechanism. The solid green line in Fig. 1(c)
represent a fit using a two-temperature model (TTM) [39, 40],
which describes the thermalization process between electrons
and the lattice via e-ph scattering. The excellent fit across
large temperature range indicates that e-ph scattering is the
dominant relaxation mechanism in EuAgAs. However, it’s
important to note that in EuAgAs, electron-hole (e-h) recom-
bination can also contribute to the fast decay process, as it
doesn’t require phonon mediation due to the overlapping con-
duction and valence bands at the same k point.

Fluence-dependent measurements of transient reflectivity
were employed to explore potential photoinduced phase tran-
sitions. Figure 2 shows the fluence-dependent transient re-
flectivity (∆R/R) measurements of EuAgAs, highlighting the
distinct behavior of the material in both the AFM phase and



3

-5

-4

-3

-2

-1

0

1

2

A
3.

5K
, A

25
K

 (×
10

-2
)

1501209060300
F (μJ/cm2)

1.2

1.0

0.8

0.6

0.4

τ 3
.5

K
, τ

25
K

 (p
s)

1501209060300
F (μJ/cm2)

150

120

90

60

30

F
 (μ

J/
cm

2 )

6420
Delay Time (ps)

150

120

90

60

30

F
 (μ

J/
cm

2 )

6420
Delay Time (ps)

3.5 K 25 K 

(a)

(c)

(b)

(d)

 3.5 K
 25 K

 3.5 K
 25 K

0
+_

FC

FC

FC

FIG. 2. Fluence Dependence of Transient Reflectivity. (a-b) 2D
pseudocolor ∆R/R maps vs pump-probe delay and temperature (3.5
K, 25 K). (c) and (d) Extracted amplitude A and relaxation time τ of
the initial decay, respectively, as functions of pump fluence F .

the PM phase. These measurements were performed at 3.5 K
(below TN) and 25 K (above TN), with the pump fluence vary-
ing from low to high, providing insight into how laser fluence
influences the material’s magnetic and electronic properties.

In Figure 2(a), the 2D pseudocolor map at 3.5 K shows
a striking fluence-dependent change in ∆R/R. As the pump
fluence increases, a clear transition is observed at a critical
fluence (FC ≈ 33 µJ/cm2), where the sign of ∆R/R switches
from negative to positive. This sign reversal is indicative of a
fluence-induced phase transition from an AFM state to a tran-
sient FM state. The data reveal that increasing fluence beyond
FC alters the magnetic configuration, leading to a modification
of the electronic structure. This transition is likely accompa-
nied by a topological phase change from a Dirac semimetal
state in the AFM phase to a Weyl semimetal state in the tran-
sient FM phase. In contrast, Figure 2(b) shows the fluence
dependence at 25 K, where the system is in the PM phase.
Here, the transient reflectivity decreases monotonically with
increasing fluence, and no sign reversal is observed. This sug-
gests that in the PM phase, the system is less responsive to
changes in fluence, and a complete PM-to-FM phase transi-
tion is not induced within the fluence range explored in this
experiment.

To quantitatively analyze quasiparticle relaxation dynam-
ics, we fitted the transient reflectivity data using Eq. (1). For
the temperature below TN , the transient reflectivity curves fit
well a single-exponential decay for all pump fluences (see Fig.
S3 in the Supplemental Material [38]). While for the tempera-
ture above TN , the transient reflectivity curves can be well fit-
ted by Eq. (1) with a single-exponential decay below a pump
fluence of 80 µJ/cm2 (see Fig. S4 in the Supplemental Ma-
terial [38]). However, to achieve a good fit, a second com-
ponent with positive amplitude should be included (see Fig.
S5 in the Supplemental Material [38]). The positive ampli-
tude (both below and above TN) indicates different relaxation

channel that is absent at the low pump fluence.
Figures 2(c) and 2(d) summarize the extracted amplitude

A and relaxation time τ of the initial fast decay as functions
of pump fluence F , respectively, for temperatures of 3.5 K
and 25 K. At 3.5 K, as shown in Figure 2(c), the amplitude
(A3.5K) initially decreases with increasing fluence, reaching a
minimum around 15 µJ/cm2. As fluence approaches FC, the
amplitude crosses zero and becomes positive, indicating the
onset of the FM phase. Beyond FC, the amplitude increases
sharply and saturates between ∼45 and 60 µJ/cm2. At 25 K,
the amplitude (A25K) shows a linear decrease with increasing
fluence, without any abrupt transitions, further confirming that
the PM state is less sensitive to fluence-driven phase changes.
Similarly, Figure 2(d) shows that the relaxation time at 3.5 K
(τ3.5K) exhibits anomalies around FC, gradually increasing as
the fluence rises. This increase in τ3.5K suggests that higher
fluences lead to slower relaxation dynamics, likely due to the
formation of a transient FM phase. In contrast, the relaxation
time at 25 K (τ25K) follows a more linear trend, showing a
steady increase with fluence, but without the anomalies seen
at 3.5 K.

The fluence-dependent behavior of EuAgAs reveals a clear
distinction between its response in the AFM and PM phases.
In the AFM phase, the material undergoes a laser-induced
magnetic phase transition at a critical fluence, which is ac-
companied by a topological phase transition from a Dirac
semimetal to a Weyl semimetal. This transition is not ob-
served in the PM phase, where the electronic structure re-
mains stable under increasing fluence. These results provide
strong evidence that EuAgAs is highly tunable via ultrafast
optical excitation, making it a promising platform for control-
ling topological and magnetic phases in real-time.

The question arises: what accounts for the fluence depen-
dence of such a large difference in transient reflectivity be-
tween below and above TN? This stark distinction underscores
the potential influence of distinct low-energy electron struc-
tures, such as magnetic topological mirror semimetal [18] or
Dirac semimetal [20] in the AFM phase and Dirac semimetal
in the PM phase [18], on carrier dynamics following laser ex-
citation in EuAgAs. We consider three possible mechanisms
to explain this fluence-dependent disparity: (i) Laser-induced
thermal effects. One explanation could be that intense laser
pulses result in substantial heating of the sample surface, caus-
ing the local temperature to rise and potentially inducing a
phase transition from AFM to PM near the surface. While
this scenario might explain a gradual transition, it is unlikely
to account for the sharp fluence threshold and the abrupt sign
reversal in reflectivity observed below TN . Furthermore, the
uniform negative ∆R/R response at lower fluences [Fig.1], re-
gardless of whether the sample is in the AFM or PM phase,
suggests that simple thermal effects alone do not explain the
fluence-dependent behavior. (ii) Phase-space [44] or band fill-
ing [45] effects. Another possible mechanism is phase-space
filling or band filling, where high fluence excitation leads to
saturation of available electronic states near the Dirac node,
limiting further optical absorption due to Pauli blocking. This
would result in a positive ∆R/R response. However, such ef-
fects should occur similarly in both the AFM and PM phases,
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FIG. 3. Evolution of Ultrafast Reflectivity with Temperature in
EuAgAs. (a) ∆R/R as a function of delay time over a wide tempera-
ture range from 3.5 to 300 K, measured at a higher pump fluence (∼
60 µJ/cm2). The black solid lines are fits with Eq. (1). (b) 2D pseu-
docolor map of ∆R/R as a function of temperature and delay time.
(c) Extracted amplitude A (upper panel) and relaxation time τ (lower
panel) as a function of temperature. The solid green line show the
TTM fit.

as they do not depend on the magnetic ordering. The lack
of a similar response above TN suggests that phase-space fill-
ing is not the primary cause of the fluence-dependent behav-
ior below TN . (iii) photoinduced topological phase transition
[22, 31, 32]. The most likely explanation for the observed
fluence dependence is a photoinduced topological phase tran-
sition that is closely tied to the material’s magnetic order.
Femtosecond laser pulses can effectively regulate the mag-
netic state [46, 47]. The laser can induce a direct deflection
of the magnetic moment. Below TN , EuAgAs is highly sus-
ceptible to external perturbations due to its metamagnetic na-
ture. Femtosecond laser pulses can induce a rapid transition
from the AFM state to a transient FM state, accompanied by a
topological phase transition from a Dirac semimetal to a Weyl
semimetal [18, 20]. This transition manifests as a fluence-
dependent sign reversal in ∆R/R, with the critical fluence (FC)
marking the onset of the FM phase. Above TN , the system is
already in the PM state, and while high fluence may perturb
the electronic structure, it does not induce a full transition to
the FM state, resulting in a monotonic decrease in reflectivity
without a sign reversal.

To further test our hypothesis, a detailed temperature-
dependent measurement was carried out with a higher flu-
ence of ∼ 60 µJ/cm2. Figure 3(a) display transient reflec-
tivity ∆R/R at selected temperatures, while Fig. 3(b) presents
2D pseudocolor map of ∆R/R as function of pump-probe de-
lay time and temperature. At low temperatures, the radiation
region is already in photoinduced transient FM phase. As the
temperature increases, the transient reflectivity ∆R/R shifts
from positive to negative at approximately 10.5 K, which is
slightly below TN . It can be found that the relaxation process

T

FFC

TN

DP

PM

AFM

WPDP

FM

FIG. 4. Light-Induced Topological Phase Transitions via Mag-
netic Order Tuning in EuAgAs. Schematic phase diagram illustrat-
ing the light-induced topological phase transition in EuAgAs. In the
AFM phase (below TN ), a pair of Dirac points transitions to Weyl
points upon increasing pump fluence beyond FC, corresponding to
a magnetic transition from AFM to a transient FM state. In the
PM phase (above TN ), Dirac points persist but are less responsive
to fluence, as indicated by the lack of a complete PM-to-FM transi-
tion. The arrows represent the magnetic moments of Eu ions, and
the dashed lines are guides to the eye, illustrating the fluence- and
temperature-dependent behavior of the topological phase transitions.

at higher temperatures shows similarities to that observed at
low fluence [Fig. 1(a)]: within the magnetic fluctuation tem-
perature region, complex temperature-dependent behavior oc-
curs, like the wave-shape of A1(T ) and τ1(T ), and the high-
temperature PM phase resembles the e-ph scattering relax-
ation process described by the TTM [solid green line in Fig.
3(c)]. It means that, at temperatures above ∼ 10.5 K, EuAgAs
is dominated by the paramagnetic state. This also actually
means that the FM state is difficult to be induced from the
PM state by the laser, which is consistent with the conclusion
of the fluence-dependent measurement results at 25 K. The
high-fluence temperature-dependent experiment further sub-
stantiates the intimate correlation between the photoinduced
phase transition and the AFM order.

As shown in Fig. 4, we propose a fluence-temperature phase
diagram for EuAgAs that provides a simplified representation
of its topological and magnetic transitions. In the AFM phase,
a pair of Dirac cones exists at low pump fluences. Increasing
the laser fluence triggers spin-flip transitions, leading to mag-
netization and ultimately driving a phase transition to a FM
Weyl semimetal state when beyond a critical threshold (FC).
In the PM phase, a similar pair of Dirac cones appears at low
fluences. While increasing the fluence can indeed induce mag-
netization in this phase, our experimental observations have
not revealed a complete PM-to-FM phase transition within
the studied fluence range. This suggests that additional fac-
tors, such as temperature or external magnetic fields, may play
crucial roles in determining the precise conditions for such a
transition.

In this study, we have experimentally demonstrated the oc-
currence of subpicosecond topological phase transitions in the
antiferromagnetic Dirac semimetal EuAgAs through ultrafast
laser-induced control of magnetic order. Our experiments re-
veal a strong coupling between magnetic configuration and
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electronic structure, evidenced by the observed shifts in spec-
tral features under varying conditions. Notably, the time-
resolved data indicate a rapid response of the system to optical
excitation, suggesting that light can effectively induce tran-
sitions between topological states. These findings not only
enhance our understanding of the interplay between topology
and magnetism in EuAgAs but also highlight its potential for
applications in quantum technologies. Future work will fo-
cus on further elucidating the mechanisms underlying these
transitions and exploring their implications for the design of
topological materials.
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