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Ultrafast light-driven magnetization, a frontier in quantum magneto-optics, has traditionally relied
on circularly polarized lasers to provide external angular momentum. While increasing efforts have
aimed to achieve light-polarization-robust (LPR) magnetization that is insensitive to the form of
external light excitation, the underlying mechanism remains largely unclear. Here, we establish the
symmetry-constrained rule for LPR magnetization in antiferromagnetic systems. Through real-time
time-dependent density functional theory calculations, we observe the strong LPR magnetization
in spin-spiral magnets and its suppression in collinear antiferromagnets, confirming our theory.
Strikingly, laser excitation induces real-space demagnetization, rotation, and oscillation of atomic
spins in spin-spiral monolayer Nils, whereas rotation is largely suppressed in conventional collinear
antiferromagnets. Our work reveals a novel microscopic pathway for ultrafast magnetization that is
independent of light polarization, paving the way for advanced femtosecond spin control.

Introduction. Ultrafast optics provide a non-thermal
means to induce and manipulate magnetization in mate-
rials through distinct microscopic mechanisms, enabling
angular momentum exchange among charges, spins and
phonons on femto- to picosecond timescales [1-6]. A
common strategy employs femtosecond laser pulses to
excite an adjacent ferromagnet, generating a spin cur-
rent that injects angular momentum across the interface
into antiferromagnets or nonmagnets [7—11]. However,
this approach critically depends on precise heterostruc-
ture stacking and lattice matching. Likewise, while laser-
excited phonons can indirectly mediate magnetization
via electronic-structure modification [12-14], the require-
ment of selective and coherent phonon-mode excitation
on sub-picosecond timescales limits their suitability for
ultrafast control.

Alternatively, circularly polarized laser (CPL) pulses
can act as an ultrafast, non-contact source of angular
momentum, driving net magnetization through the in-
verse Faraday effect [15-19]. As shown in Fig. 1(a), an-
gular momentum of photons is first transferred to elec-
tronic orbitals via optical excitation, described by the
light-charge coupling term p - A. For example, electrons
can be excited from the valence d,2 band to the conduc-
tion dy1 = dy. + id,, band, which carry orbital angular
momentum my; = 0 and my = 1, respectively. Subse-
quently, this finite orbital angular momentum is trans-
ferred to the spin degree of freedom via the spin-orbit
coupling (SOC) Hamiltonian L - S, where electrons relax
from the excited dy; state back to the d,» state, thereby
giving rise to a net spin polarization. Previous studies
have shown that CPL pulses can reorient spins in ferro-
magnets, inducing magnetization components transverse
to the initial orientation [20, 21], or induce transient spin
polarization in nonmagnetic materials [22]. However, the
induced magnetization is weak and strongly dependent
on laser polarization, thereby confining its realization to
specific experimental conditions.
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FIG. 1. Schematic of laser-induced magnetization. (a) Mag-
netization porcess with external photon angular momentum
input. (b) Light-polarization-robust magnetization process.
In both cases, the incident light first interacts with electronic
orbitals through light-charge coupling, with altering (a) and
not altering (b) the orbital angular momentum. The orbital
angular momentum is then either transferred to (a) or redis-
tributed with (b) the spin degree of freedom through spin-
orbit coupling.

Notably, all the aforementioned mechanisms involve
the injection of external angular momentum, which is
first transferred to orbitals or carried by spin currents,
and is subsequently converted into spin angular momen-
tum through SOC or exchange interactions. In essence,
the angular momentum is exchanged between the ex-
ternal source and the spin system. However, as photo-
spintronic applications increasingly demand broadly tun-
able and polarization-agnostic approaches for controlling
magnetic order [23-26], considerable efforts have been
devoted to realizing magnetization in antiferromagnets
using linearly polarized light (LPL) [27-32]. To optimize
such light-polarization-robust (LPR) magnetization, i.e.,
those effective for both CPL and LPL, a mechanistic un-
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derstanding is of both fundamental and technological im-
portance. Here we propose a mechanism that, as illus-
trated in Fig. 1(b), LPL induces an electronic excitation,
for example, from the p, state to the d,» state, both of
which carry orbital angular momentum my = 0. Then,
an intrinsic redistribution of angular momentum occurs
without external injection, instead transferring from the
orbital to the spin via SOC and ultimately generating
net spin polarization with an equal loss of orbital an-
gular momentum. Consequently, optical excitation in-
duces angular momentum exchange between orbital and
spin channels via SOC, giving rise to opposite oscillations
[Figs. S1-S2]. Such magnetization originates solely from
electronic transitions and remains robust against light
polarization. This LPR magnetization process retains
the ultrafast timescale and structural simplicity, while
removing the need for delicate polarization control.

In this Letter, we show that LPR magnetization in
antiferromagnetic systems is governed by the symmetry-
constrained rule. Under LPL, most collinear antiferro-
magnets generate no, or only negligible net magnetiza-
tion owing to their linear spin degeneracy and sublattice
cancellation. By contrast, spin-spiral order intrinsically
breaks the symmetry between spin channels, providing
an ideal platform for LPR magnetization. We substanti-
ate this by performing real-time time-dependent density
functional theory simulations, in which a LPL pulse is
applied to collinear antiferromagnets NiPS3 and RuOs,
as well as to a cycloidal spin-spiral Nil, monolayer (see
Methods in Supporting Information), the latter exhibit-
ing pronounced angular momentum redistribution be-
tween orbital and spin degrees of freedom. We focus on
the ultrafast coherent electronic spin dynamics during
and immediately following the laser pulse, before signifi-
cant relaxation and dissipation occur.The emergent mag-
netization originates from the laser-induced coherence
between initially occupied and unoccupied states in the
spin-density matrix. During excitation, local moments
undergo demagnetization, rotation, and oscillations that
collectively yield a macroscopic magnetization. These
results establish a microscopic mechanism for ultrafast
LPR magnetization in noncollinear systems and identify
spin spirals as a natural setting for femtosecond spin con-
trol without external angular momentum input.

Symmetry constraints for LPR magnetization.
As the magnetization is insensitive to light polarization,
the system symmetry emerges as the most important—if
not the only—factor governing LPR behavior. To clarify
the conditions enabling LPR magnetization as illustrated
in Fig. 1(b), we develop a general understanding on the
symmetry constraints in antiferromagnetic systems. The
total Hamiltonian under a laser pulse is

A1) = 5 b+ e (0] + Visslo(r, )] + soc, (1)

where a vector potential Aqy () is introduced in the ki-

netic energy term in the velocity gauge. The second and
third terms denote the Kohn—Sham potential and SOC,
respectively. By introducing the time-evolution opera-
tor U(t), the time-dependent density matrix can be ex-
pressed as

pt) = U)ol (1), (2)

with U(t) = T exp (—i fot H(r) cl7')7 where 7 is the time-
ordering operator and pg is the ground state density ma-
trix. The time-dependent spin momentum is computed
from the trace of the spin-density matrix as

M(t) = pp Tr[p(t)e], 3)

where pp is the Bohr magneton and & = (6,,6,,0)
is the Pauli operator. Therefore, the symmetry of j(t)
becomes the fundamental block governing ultrafast spin
dynamics.

Suppose there exists a symmetry operation O that
commutes with the static Hamiltonian, which includes
both spin and atomic degrees of freedom. In principle, a
symmetry operation is preserved under laser only if the
laser field polarization itself is invariant under that oper-
ation. In practice, however, since the laser energy is or-
ders of magnitude smaller than the intrinsic energy scale
of the system, symmetry breaking induced by a laser of
arbitrary polarization is weak. In addition, the time-
dependent Hamiltonian does not respect time-reversal
symmetry at any given instant, and the effective time-
reversal symmetry recovered through time integration
can be broken by a modulated laser field [33-35] Conse-
quently, the only nontrivial symmetry applicable to the
spin degrees of freedom is rotation, denoted by R. By
inserting the symmetry operator O and its inverse into
the expression of M(¢), and considering the symmetry
properties of the Hamiltonian, we obtain

M(t) = pup T [Oﬁ(t)OT : O&OT}

where 060" = R(p)é denotes a spin-space rotation act-
ing on the Pauli operators, with rotation angle . We
suppose that the rotation axis is along the z axis

M, (1) cosp —sing 0| | My (t)
My(t)| = |sinp cosep O | My(t) (5)
M, (t) 0 0 1| [M.(t)

Thus, we can obtain
M, (t) = cos o M,(t) — sinp My (t),
M, (t) = sin o M, (t) + cos ¢ M,(t), (6)
M.(t) = ML (2).
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FIG. 2. Laser induced magnetization processes in collinear
antiferromagnets. (a) Crystal structure of RuO2, with blue
and red arrows indicating spins parallel to the z axis and tilted
by approximately 20°, respectively. Two orthogonal rotation
axes along x and y directions are indicated by black-dashed
lines. (b) Time evolution of the total magnetization (per an-
tiferromagnetic unit cell) in different directions under a LPL
pulse (z-polarized, hw = 1 eV) in RuO2 with and without spin
tilting. In the static (¢ = 0) case, RuO2 has a small ferrimag-
netic net moment after tilt, which is set to zero for clarity in
the plot. (c¢) Crystal structure of monolayer NiPS3, with spin
orientations indicated by blue arrows. (d) Time evolution
of the total magnetization under a LPL pulse (z-polarized,
hw 2 Eg4, E4 denotes the band gap) in monolayer NiPSs. (e)
Time evolution of the local spin moments of individual atoms
along the x and y axes, respectively. The atom indices are
indicated in (c). (f) Fourier spectra of spin currents in mono-
layer NiPS3 polarized along x, y and z directions. Harmonic
order (H. O.) is defined relative to the input laser frequency.

The general validity of Eq. (6) under symmetry con-
straints implies that magnetization components perpen-
dicular to the rotation axis are forbidden by symmetry,
and only the component parallel to the axis can be in-
duced. Therefore, pronounced LPR magnetization in-
duced by laser is not a general feature of antiferromag-
nets. Instead, it depends sensitively on the underlying
spin textures and symmetries.

Multiple symmetry operations generally exist in an-

tiferromagnets. For instance, two rotational operations
(possibly followed by a translation) with orthogonal axes
strictly forbid any net spin component by symmetry, as
the direction parallel to one rotation axis is also perpen-
dicular to the other. As a representative case, we consider
the rutile-type tetragonal RuOs with a collinear antifer-
romagnetic spin configuration [Fig. 2(a)]. When the spins
are aligned along one of the tetragonal axes (e.g., the z
axis), other two perpendicular directions serve as rota-
tion axes that mutually constrain magnetization genera-
tion, thereby preventing the emergence of net spins in all
spatial directions (black line in Fig. 2(b)). Remarkably,
tilting the spins away from the z axis breaks these ro-
tational symmetries, allowing a finite net magnetization
to appear in three directions [Fig. 2(b)], validating our
symmetry-constrained rule. The magnetization magni-
tude also dependent on the spin tilt angle [Fig. S3]. Such
total symmetry-constrained magnetization are also ob-
served in NiO with specifically designed high-symmetry
spin configuration [Fig. S4].

More generally, in collinear antiferromagnets, any non-
trivial symmetry operation that exchanges two oppo-
sitely oriented spin sublattices is equivalent to an effective
180° rotation with an axis perpendicular to the spin di-
rection, thereby confining the symmetry-allowed changes
of magnetization solely to the transverse components. In
addition, spin variations are primarily driven by laser-
induced spin currents [36], which are typically polarized
along the initial spin direction. Thus, transverse spin
currents capable of generating symmetry-allowed spin ac-
cumulations are very weak, leading to minor magnetiza-
tion. To demonstrate this, as shown in Fig. 2(c), we
take monolayer collinear antiferromagnetic NiPSs, which
possesses only one rotational symmetry, as a typical ex-
ample. Under an z-polarized laser, only minor spin fluc-
tuations (—0.04 to 0.04 up) appear along y [Fig. 2(d)],
as the Cy rotation axis along y forbids magnetization in
other directions.

Time evolution of local spins shows that, although de-
magnetization along x is several orders of magnitude
larger than the growth of transverse components along
y [Figs. 2(e)], it cancels within each atomic pair (atom
1-2, atom 3-4) based on the symmetry-constrained rule,
leaving minor y-components originating from weak spin
current polarized along y [Fig. S5]. The second-harmonic
peak of the z-polarized spin current exceeds the y- and
z-polarized components by over a factor of 50 [Fig. 2(f)],
confirming that laser-induced spin current is mainly po-
larized along initial spin direction. As a result, oppo-
sitely oriented local moments are synchronously reduced,
yielding no net magnetization, while small residual trans-
verse components are insufficient to produce appreciable
LPR magnetization. Interestingly, both pronounced de-
magnetization and appearance of weak transverse spin
components have been observed in various antiferromag-
netic and nonmagnetic materials [22, 37, 38]. Based on



these understanding, to achieve prominent LPR magne-
tization, two criteria must be satisfied:

(i) Light-induced magnetization is allowed only along
an effective C,, azis, with transverse components
forbidden. If two orthogonal C,, azes coexist, it is
forbidden in all directions.

(ii) Temporal growth of net magnetization arises from
the accumulation of light-induced spin currents. A
large spin current magnitude requires a finite initial
spin component along the C,, azis.

Strong LPR magnetization in Nil,. Helimagnets
with noncollinear spin textures exhibit markedly reduced
spin-group symmetry, as the spins rotate periodically
along the helical axis throughout the lattice, satisfying
the criterion (i). In such systems, the initial spins point
along multiple directions that are generally incompati-
ble with the symmetry of the underlying atomic lattice,
thus allowing substantial spin currents to develop along
nearly all spin-polarization directions, satisfying the cri-
terion (ii). Furthermore, the helical magnetic order is
often associated with sizeable SOC, which enables ef-
ficient angular momentum redistribution between spin
and orbital channels and thereby allows substantial spin
accumulation even without external angular-momentum
injection, i.e., LPR magnetization.

Nily is a prototypical type-II van der Waals multifer-
roic that hosts a spin-spiral magnetic ground state [39],
exemplifying the advantage of spin-spiral order in gener-
ating ultrafast LPR magnetization. This work employs
a 5 x 1 magnetic supercell in subsequent calculations as
a commensurate approximation to the incommensurate
spin order, consistent with both theoretical results shown
in Fig. S6 and experimental observations [40]. The Ni
sites are labeled from 1 to 5, capturing a full period of
the spin spiral while preserving a twofold rotational sym-
metry (Cq) along the x axis [Fig. 3(a)]. This C opera-
tion maps sites2 and 5 as well as sites 3 and 4 onto each
other, while site 1 lies on the C5 axis and remains in-
variant. Consequently, Nil, holds one rotation axis and
each atom carries a finite spin component along this axis,
satisfying criteria (i)-(ii).

As illustrated in Fig. 3(b), LPL pulses along the z- and
y-directions induce net magnetization parallel and an-
tiparallel to the (Csy-) z-axis, respectively. Interestingly,
laser induced magnetization oscillation along the Cy axis
has also been observed experimentally [41], validating our
theory. The magnetization S, emerges synchronously
with the onset of the laser pulse and reaches an oscil-
latory equilibrium after about 40 fs, while the S, and S,
components remain negligible due to symmetry-imposed
cancellations [Fig. S8]. Along a symmetry-allowed direc-
tion, the sign of the induced magnetization is not fixed by
symmetry alone but is determined by microscopic details
of the spin texture and the optical excitation conditions,
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FIG. 3. Laser induced magnetization in Nily. (a) The spin-
spiral magnetic structure, with the C5 axis and atomic order
indicated. (b) Time evolution of the total magnetization (per
spin-spiral 5 x 1 cell) in monolayer Nil, under a LPL pulse
with frequency hiw 2> E,4 (Eq is the band gap, see Fig. S7) po-
larized along the x- and y-directions, with the average value
after 40 fs indicated by a dashed lines. The input laser pulse
is represented by black-dashed curve. (¢) Comparison of the
light-induced magnetization obtained in this work with pre-
vious computational results for CuCrzSey [32], BiH [22], and
FesGeTe, [21]. For inter-material comparison, the total mag-
netization is averaged over the magnetic atoms. The mag-
netization is evaluated using a commensurate five-unit-cell
spin-spiral structure as a reference. In realistic incommensu-
rate systems, the magnetization is expected to span a tunable
range as discussed in the Supplementary Information.

such as the laser intensity [Fig. S9]. Further considera-
tion of the influence of atomic motion, out-of-plane spin
configurations, and incommensurate effects are discussed
in the Supplementary Information [Figs. S10-S12]. To
emphasize the comparatively larger magnitude, we com-
pare the laser-induced magnetization in Nils with that
reported in other typical magnetic or nonmagnetic mate-
rials, as summarized in Fig. 3(c). The detailed discussion
can be found in End Matter and Fig. S13.

It is interesting to explore the dynamics of local spins in
a spin-spiral structure, in contrast to the nearly direction-
conserving demagnetization observed in collinear antifer-
romagnets [Fig. S14]. In Fig. 4, the real-space spin dy-
namics of individual Ni atoms under z- and y-polarized
laser excitation are examined. The angular evolution re-
veals three distinct stages: local demagnetization, rota-
tion, and oscillation, as highlighted in the left panels of
Figs. 4(a) and 4(b) (steps 1-3). In both cases, the mag-
netic moment of the Nil atom, which is aligned paral-
lel to the (Cy-) x-axis, primarily decreases in magnitude
with minimal angular rotation. Meanwhile, the magnetic
moments of the other Ni atoms (Ni2 to Ni5) first de-
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FIG. 4. Local spin dynamics of Nil in real space. Time-
dependent evolution of local spin moment angles of individual
Ni atoms is shown under z-polarized (a) and y-polarized (b)
laser excitation (left panels), together with the corresponding
time-resolved trajectories of spin moments (right panels). The
gray-dashed arrow indicates the initial spin orientation, and
the gray-solid arrow shows the rotation direction, with the
z-axis defined as 0°. (c) and (d) show, for z- and y-polarized
laser excitation, respectively, the time evolution of the arith-
metic average of the magnitudes of local spin moments over
all Ni atoms. The red-dashed curve is the applied laser pulse.

crease in magnitude [Figs. 4(c) and 4(d)], followed by a
delayed rotational response lasting approximately 30 fs,
and eventually settle into oscillations around a fixed an-
gle. Although each atom rotates by about 8°, the Cs-
related pairs (Ni2, Ni5) and (Ni3, Ni4) exhibit almose
opposite changes, resulting in full cancellation in y and
a residual net magnetization along x. This is also re-
flected in the spin trajectories, particularly during the
rotation step (highlighted in green and yellow), where
opposing rotation directions are marked by gray arrows.
Such cancellation arises from the system-wide balance of
spin-current-driven local dynamics [37]. The spin tra-
jectories also exhibit distinct behaviors under z- and
y-polarized laser excitation. For instance, Ni2 rotates
clockwise under z-polarization but counterclockwise un-
der y-polarization. In addition, Ni3 and Ni4 rotate
toward each other under z-polarization, whereas under
y-polarization they undergo back-and-forth oscillations
near their initial orientations. These results highlight
that, unlike collinear antiferromagnets where demagne-
tization occurs almost without transverse spin compo-
nents, spin rotations are effectively induced in spin-spiral,
giving rise to pronounced magnetization.

Conclusion. In summary, we have proposed the

mechanism for LPR magnetization, as demonstrated
in the prototypical spin-spiral system Nil,. The net
magnetic moments can efficiently emerge under excita-
tion from arbitrary light polarization, in contrast to the
collinear spin systems. The noncollinear spin arrange-
ment inherently breaks symmetry constraints, enabling
laser-induced spin currents along multiple directions.
Such a mechanism is absent or weakened in collinear
or nonmagnetic systems, thereby limiting their magne-
tization response. Furthermore, the induced magneti-
zation primarily originates from the off-diagonal spin-
density correlation, reflecting inter-state quantum co-
herence rather than simple occupation changes. These
insights identify helimagnets as a promising platform
for all-optical spin control, where their unique spin
structures enable ultrafast manipulation of magnetic
anisotropy in low-dimensional magnetic systems.
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End Matter

Off-diagonal spin-density correlation. A micro-
scopic understanding of the light-induced magnetiza-
tion in Nil; can be obtained from the occupied time-
dependent Bloch states |9,k (1)) as

M(t) = g Y (P (t)|6]Pnr (1)), (7)

n,k

where we can further express |®,(t)) as a superposition
of the eigenstates of the static (unperturbed) Hamilto-
nian:

[k (t)) = Z|¢ik><¢¢k|@nk(t)> = Zaink(t)‘¢ik>a (8)
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FIG. 5. State-resolved contributions to the net magnetiza-
tion under z- and y-polarized laser excitation in Nils. (a)
Comparison between the diagonal-term contribution and the
total magnetization for z-polarized light. (b) Matrix repre-
sentation of M;(t) = >, Ak (t)(¥ir|6|Yr) including both
occupied and unoccupied bands at 30 fs; colored-dashed lines
mark the occupation boundary. (c) Partial summation of the
block-wise contributions from (b), plotted alongside the total
magnetization. (d-f) Corresponding results for y-polarized
laser excitation.

with |¢;x) denoting the Bloch states prior to the laser
pulse. Combining Egs. (7) and (8), we have

M(t) = ZZ (Z O‘fnk(t)ajnk(t)> (Yirlojk)
i, k n
= ZZAijk(t)@/’ikW'ij%
i k

where A;;i(t) represents the overlap matrix between the
excited states and the unperturbed eigenstates. Aj;;x(t)
is strongly influenced by the external light field, with
stronger laser inducing greater overlaps. In contrast, the
intrinsic ability of the system to respond to ultrafast laser
excitation is primarily encoded in the spin matrix ele-
ments (V|6 |¢)k).

It is natural to decompose M(t) into diagonal (i = j)
and off-diagonal (¢ # j) contributions, as different k-
points do not hybridize. The diagonal terms, A, (t) =

9)

> {0k | i (t))|?, represent the occupation change of
the state |1);) due to direct transitions, whereas the off-
diagonal terms describe the quantum coherence estab-
lished between different transitions, namely |nk) — |ik)
and |nk) — |jk). However, despite the evident time evo-
lution of occupations [Fig. S15], the diagonal contribu-
tions to the net magnetization remain nearly zero, as
shown in Figs. 5(a) and 5(d).

Given the dominance of off-diagonal contributions, the
advantage of spin spirals in generating net magnetiza-
tion can be understood directly from the spin matrix
elements (k|6 |1;). Although spin is not strictly con-
served in the presence of SOC, its energy scale is much
smaller than the electronic bandwidth, making spin a
useful approximate quantum label. In collinear spin sys-
tems, two Bloch states [¢;) and |¢;,) (i # j) are or-
thogonal within the same spin channel and spatially sep-
arated between opposite spin channels. In both cases,
the spin matrix element (v;5|6|1;) largely vanishes, re-
sulting in weak off-diagonal contributions to M(t). In
contrast, in spin-spiral systems, spin is no longer a good
quantum number even approximately due to the inher-
ent non-collinearity. As a result, a reasonable balance
emerges between the spatial overlap of wavefunctions
and their spin non-orthogonality, enabling finite values of
(Yik|6|¢jk) and thus nonvanishing off-diagonal contribu-
tions to M(¢). This explains why, as shown in Fig. 3(e),
Nily exhibit significantly stronger magnetic responses un-
der both linearly and circularly polarized excitation.

To further understand the role of off-diagonal co-
herence, the band-resolved representation of M;;(t) =
Yok Aiji () (Yik|o|vjr) at t = 30fs is plotted as a two-
dimensional matrix for z- and y-polarized excitations
in Figs. 5(b) and 5(e), respectively. Given the bound-
ary between occupied and unoccupied bands, the entire
M;;(t) matrix can be partitioned into three blocks: A,
B, and C, corresponding to occupied—occupied, unoc-
cupied—unoccupied, and occupied—unoccupied hybridiza-
tion, respectively. For each block, its contribution to
the net magnetization is summed and then plotted as
a function of time in Figs. 5(c) and 5(f). Block A is
nearly diagonal, reflecting the perturbation nature of the
light-matter interaction, thus the majority of the charge
density—associated with the initially occupied states—
remains close to the original diagonal configuration. In
contrast, Block B representing the mixing between un-
occupied states is more complex, as these states are all
newly excited by the laser pulse. The matrix elements in
Block C are predominantly positive for xz-polarized light
and negative for y-polarized light, resulting in magnetic
responses of opposite signs. As a result, the magnetiza-
tion is governed by quantum coherence between occupied
and unoccupied bands, i.e., the block C, rather than by
occupation changes due to the laser excitation.

Comparison of laser-induced magnetization in
different materials. As shown in Fig. 3(c), both
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FIG. 6. Fourier spectra of the time-dependent magnetization
in the 0-30fs interval for laser polarization along the (a) -
and (b) y-axes, respectively. Harmonic order is defined rela-
tive to the driving laser frequency.

metastable and oscillatory magnetization responses of
different materials are included for comparison. In ferri-
magnetic CuCraSey [32], composed of stacked CrSes sub-
layers separated by intercalated Cu atoms [Fig. S13], the
absence of symmetry operations interchanging magnetic
sites allows a laser-induced finite magnetization in the
excited state, independent of the presence of a nonzero
equilibrium magnetization. Despite employing a laser in-
tensity nearly an order of magnitude higher than that
used in our study, the resulting spin response remains
markedly weak. In nonmagnetic BiH [22], spin angular
momentum can be introduced either via CPL through the
inverse Faraday effect [Fig. 1(a)] or by inducing oscilla-

tory spin-moment dynamics under LPL [Fig. 1(b)]. Even
with direct angular momentum injection, however, the
resulting magnetization reaches only about one-third of
that observed in Nily. For ferromagnetic FesGeTey [21],
CPL induces transverse magnetization that is still con-
siderably small. We attribute the weak magnetization
to the lack of initial spin moments along the symmetry-
allowed directions, as exemplified by monolayer NiPSs,
leading to only minor spin currents. Overall, Nils ex-
hibits the strongest spin response under both LPL and
CPL, firmly establishing spin-spiral materials as prime
candidates for realizing strong LPR magnetization.
Harmonic responses of laser-induced magneti-
zation process. The Fourier spectra of time evolution
of the total magnetization in Fig. 3(b) are presented in
Figs. 6(a) and (b), revealing harmonic responses with
progressively reduced intensity at higher orders. For x-
polarized excitation, both even- and odd-order harmon-
ics appear, whereas only even-order signals are observed
for y-polarized pulses. This behavior can be understood
from the expansion of the spin response:
@) A2(4) 4 (i =a2,y), (10)

T

S%(t) = So + XM A®t) + x

where A denotes the vector potential. For y-polarized
light, the C5 symmetry about the x-axis maps +y and —y
directions onto each other, suppressing odd-order terms
such as xg(,? and Xg(,?g’,)yx7 and leaving only even-order con-
tributions. In contrast, z-polarized light is not subject
to such constraints, allowing all harmonic orders. This
symmetry-dependent difference in allowed response chan-
nels may also introduce a relative phase, leading to op-
posite magnetization for z- and y-polarized pulses.



