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Uncovering pathways to optically drive magnetic order-disorder transitions on ultrashort timescales can lead
to the realization of novel out-of-equilibrium quantum phenomena. A long-sought pathway is to directly excite
a highly nonthermal energy-momentum distribution of magnons, bypassing both charge and lattice degrees of
freedom. However, this remains elusive owing to the weak coupling and large momentum mismatch between
photons and magnons. Here we demonstrate strong parametric excitation of magnons across the entire Brillouin
zone of the antiferromagnetic insulator Sr,Cu3;04Cl, by periodically modulating the superexchange interaction
with the electric field of light. The excitation efficiency is greatly enhanced by tuning to the van Hove singularity
in the magnon spectrum, sufficient to transiently collapse the antiferromagnetic state using a pulsed laser field
of 10° V/m. The order parameter recovery timescale increases by over 1000 times as a function of excitation
density, reflecting a crossover from high- to low-energy magnon dominated decay dynamics. This electric-field
induced parametric magnon pumping mechanism is applicable to a broad range of magnetic insulators and opens
up the possibility of dynamically engineering magnon distributions by design.
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I. INTRODUCTION

An extensively studied demagnetization pathway is
through photothermal heating, whereby energy from a laser
pulse is initially absorbed by the electronic or lattice subsys-
tem and is subsequently transferred to the spin subsystem,
raising the effective magnon temperature above the critical
point [1-4]. This mechanism has been experimentally real-
ized in many classes of materials ranging from ferromagnetic
transition metals [5,6], rare earth metals [7], and doped III-
V semiconductors [8] to antiferromagnetic transition metal
oxide Mott insulators [9]. However, owing to the thermal
origin of magnon excitations, the demagnetization timescale
is limited by the rate of heat exchange between subsystems.

A distinct pathway to ultrafast demagnetization is through
nonthermal excitation of magnons. However, this has been
challenging to realize for two main reasons. First, the coupling
between light and spin is inherently weak [10]. Second, the
magnon density of states is typically largest for momenta
near the Brillouin zone boundary, which far exceeds the
momentum of light in the optical frequency range. In mag-
netic insulators, large momentum magnons can be indirectly
excited via magnon-phonon [11] and magnon-exciton [12-15]
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absorption processes, photodoping [16—-18], subwavelength
confined optical fields [19] or extreme ultraviolet transient
spin gratings [20]. However, while demagnetization can be
reached in some of these cases, magnon generation is ac-
companied by electronic or lattice excitations. An alternative
approach is to directly excite magnons using light that is far
detuned from any electronic or phonon resonances. Although
directly excited single magnons are confined near the zone
center [21-25], finite momentum magnons can be directly
excited via two-magnon processes. One established process
is parametric pumping, where a counter-propagating magnon
pair is selectively excited at half the frequency of a microwave
magnetic field [26-28]. Another process is second-order im-
pulsive stimulated Raman scattering, where magnon pairs are
simultaneously excited throughout the Brillouin zone by an
oscillating electric field far off-resonant from two-magnon en-
ergies [29-31]. So far, however, none of these processes have
been shown to generate sufficiently high magnon densities to
cause demagnetization for fluences up to tens of mJ/cm?.
Here we demonstrate electric-field induced parametric
pumping—a direct two-magnon excitation process allowed
in locally noncentrosymmetric magnets—that enables both
strong electric-dipole coupling and energy selectivity. Using
the square-lattice cuprate antiferromagnetic Mott insulator
SryCu304Cl, as a platform, we show that by selectively
pumping a large nonthermal population of pure magnons
around a van Hove singularity in the magnon spectrum located

©2024 American Physical Society
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FIG. 1. Suppressing multiphoton charge excitation in Sr,Cu3;04Cl,. (a) Tauc plot (blue curve) for Sr,Cu;0,Cl, obtained from ellipsometry
measurements taken at 7 = 300 K (<7x; = 380 K), where « is the absorption coefficient and %w is the photon energy. Dashed black line is a
fit to a general model for interband absorption in a three-dimensional insulator [34,61], yielding A, = 1.86 V. The energy range of phonons
(magnons) is marked by a horizontal red (blue) bar. The threshold energies for one-, two-, and three-photon interband excitations are marked
by dashed gray bars. (b) Normalized AR/R traces at T = 300 K for various fiw,,, with ' = 1.4, 8.0, and 8.0 mJ /em? for the hap, =2, 0.62,
and 0.50 eV traces, respectively. (c) Maximum (¢ = 0) value of |AR/R|, superposed with the amplitude of the photocarrier contribution to
AR/R, plotted vs fiwy, for a fixed F = 8.0 mJ/cm?. Assuming the 0.50 eV trace is purely coherent, we subtract it from traces taken at other
pump photon energies to isolate the photocarrier contribution to AR/R. These background subtracted traces are then fit to an exponential decay
function over 0 < ¢ < 700 fs to extract an amplitude. The gray line denotes the three-photon threshold. All error bars represent the standard

error of the mean from fifteen independent measurements.

near the zone boundary, ultrafast demagnetization can be re-
alized with pulsed fields of 1.1x10° V/m (corresponding to a
fluence F = 19.2 mJ/cm?).

II. MINIMIZING MULTIPHOTON CHARGE EXCITATION

The hierarchy of energy scales in copper-oxide based
square lattice spin-1/2 Mott antiferromagnets is particu-
larly suitable for demonstrating this phenomenon. Strong
nearest-neighbor magnetic exchange interactions give rise to
large magnon energies (/iomae) in the mid-infrared range,
which is conducive to strong-field driving. Moreover, in cer-
tain compounds, the magnon bandwidth exceeds the phonon
bandwidth by several times while the charge gap (A,) ex-
ceeds twice the magnon bandwidth by several times. For
Sr,Cu304Cl,, inelastic neutron scattering and Raman spec-
troscopy [32,33] experiments report maximum magnon and
phonon energies of approximately 0.3 and 0.08 eV, respec-
tively. Our ellipsometry measurements show A, = 1.86 eV
[Fig. 1(a)] [34]. This provides a large energy window for
parametric magnon pumping that is far detuned from resonant
electronic and lattice excitations.

Nevertheless, in the high field regime, charge excitations
can still be made with pump photon energies (fiwp,) below
A, via nonlinear processes such as multiphoton absorption
and Zener tunneling [35,36]. To verify the existence of an
energy window across 2/iwm,, that is sufficiently transparent
to nonlinear charge excitation, we performed time-resolved
optical reflectivity measurements as a function of fiwp, on
SryCuz04Cl, single crystals. The probe photon energy was
tuned near A, to enhance sensitivity to photocarrier popula-

tion. For above-gap pumping (fiwp, = 2 eV), the differential
reflectivity transient (AR/R) is clearly asymmetric about time
t = 0—the instant of pump probe overlap—characteristic of
rapid photocarrier generation followed by slower relaxation
[Fig. 1(b)]. Upon lowering fiw,, below A, the reflectivity
transient gradually evolves to being perfectly symmetric about
t = 0, mimicking the pump probe cross correlation. This sig-
nifies a purely coherent response due to pump field dressing
of the electronic bands [37], with no measurable photocarrier
production. For a fixed pump fluence of F = 8.0 mJ/cm?, we
find that the crossover to a predominantly coherent lineshape
occurs below 7iwp, ~ 0.6 €V, which is the threshold for three-
photon absorption (A,/3). This crossover can also be clearly
visualized by plotting the magnitude of AR/R att = 0 (or the
amplitude of the photocarrier contribution to AR/R) versus
hwp, [Fig. 1(c)], which exhibits a drop as the photocarrier
contribution to AR/R is suppressed below A, /3. These results
are consistent with the Keldysh parameter fiwp, /(eEp§) > 2
calculated using relevant experimental values (e is the electron
charge, & is the electron-hole correlation length, and Ej, is
the peak pump field strength), which locates the system in the
multiphoton dominated regime.

III. ENERGY-SELECTIVE MAGNON PUMPING INDUCED
DEMAGNETIZATION

The structure of Sr,Cus;04Cl, consists of a stack of
square-net layers similar to the parent compounds of
high-temperature superconducting cuprates. However, at the
center of every other plaquette of the conventional CuO,

054302-2



DYNAMIC MAGNETIC PHASE TRANSITION INDUCED BY ...

PHYSICAL REVIEW B 109, 054302 (2024)

(a) (c)

w-in

v, E ) R
[o., &
e 0 ® 0 F-e - £
ecul 3°"°‘&°¢ 807
@ o o @ o P
Cull ‘o % o ‘ o ‘ (33/

c-type MD

(b) AFM-induced
c-type MD

Crystallographic Total
coherent sum

i-type EQ

contribution

o

(e)

ARIR (norm. unit)
<)
o

-1.0¢

hwpu: 0.50 eV
F =19.2 mJlcr?

35;0
T(K)

400-5 0 5 10 15
t(ps)

FIG. 2. Nonthermal magnon-induced magnetic order collapse. (a) Ordered Cu; spin arrangement (arrows) below 7y ;. Canting angles are
exaggerated for clarity. The probe beam (red) is focused obliquely onto the Cu;O4 plane, and the reflected SHG intensity (blue) is measured
as a function of the scattering plane angle ¢. Both incident and reflected beams are linearly polarized in the scattering plane (gray shade). The
pump beam (green) is incident with linear polarization along 6. (b) The c-type MD and i-type EQ contributions to the RA SHG signal and their
coherent sum. Markers in the middle and right panels are the measured RA SHG patterns above (400 K) and below (300 K) 7y 1, respectively.
Solid lines are symmetry-based fits [34]. Different shades in the left panel represent opposite phases. (c) Temperature-dependent static SHG
intensity acquired at ¢ = 90° [(pink lobe in (b)] normalized to its value at 300 K. The nonmagnetic (i-type EQ) background value is denoted
by a horizontal dashed line. (d) Time-resolved SHG intensity at ¢ = 90° for fiw,, = 0.5 eV and F = 19.2 mJ/cm?, plotted on the same scale
as (c). Measurements were taken at 7 = 300 K. Gray line is a guide to the eye. Inset shows AR/R taken with the same pump parameters. All
error bars represent the standard error of the mean from four independent measurements. (¢) RA SHG data (green circles) measured at r < 0
and r = 0.4 ps, overlaid with fits to (MD + EQ) and solely EQ contributions, respectively (black curves). We chose ¢ = 0.4 ps to represent the
instant of maximum demagnetization to avoid coherent artifacts near t = 0 [37].

square net (the Cu; sublattice), there exists an additional Cu
ion (the Cuyp sublattice), which removes the center of in-
version located between neighboring Cuy sites but preserves
global inversion symmetry [Fig. 2(a)]. The nearest-neighbor
Cu;-Cu; antiferromagnetic (AFM) exchange coupling (J; =
130 meV) exceeds that for Cuy-Cuy and Cuy-Cuyy by over an
order of magnitude. Therefore the Cu; sublattice orders at a
much higher temperature (7x 1 & 380 K) compared to the Cuy;
sublattice (Tyn ~ 40 K) [38]. However, the interaction be-
tween the AFM ordered Cu; sublattice and the paramagnetic
Cuy; sublattice below 7y 1 induces a weak in-plane magnetiza-
tion M along one out of four possible Cu;-Cuy bond directions
[39], breaking the fourfold (Cy4) rotational symmetry of the
underlying square lattice [Fig. 2(a)].

A previous study [40] showed that the loss of rotational
symmetry below Ty activates a bulk magnetic-dipole (MD)
optical second harmonic generation (SHG) process of the
form P,2w) = xykDE i(w)Hi(w). Here X%D is a time-reversal
odd (c-type) susceptibility tensor that couples linearly to M,
E;(w) and Hi(w) are the electric and magnetic fields of
the incident probe light at frequency w, P;(2w) is the po-
larization induced at the second harmonic, and the indices
run through x, y, and z. Interference between this MD con-
tribution and a temperature-independent time-reversal even
(i-type) bulk electric-quadrupole (EQ) contribution produces
a rotational anisotropy (RA) SHG pattern with C; symmetry
[Fig. 2(b)], whose orientation is locked to M. This provides
a unique opportunity to measure the demagnetization dy-

namics of a cuprate Mott AFM (Cu;) using time-resolved
RA SHG.

We carried out time-resolved RA SHG measurements us-
ing a high-speed rotating scattering plane technique [41]. The
fundamental probe photon energy was fixed at 1.55 eV while
the pump photon energy was varied across the window over
which multiphoton absorption is suppressed. Both pump and
probe beams were focused within a single magnetic domain
[34,40]. Figure 2(c) shows the temperature-dependent inten-
sity of the largest lobe in the RA SHG pattern—corresponding
to the scattering plane angle ¢ = 90° [Fig. 2(a)]—in the ab-
sence of pumping. The emergence of a temperature-dependent
MD contribution atop a temperature-independent EQ back-
ground is clearly observed below 7y;. The pump beam is
then introduced with the sample held at T = 300 K. Fig-
ure 2(d) shows the instantaneous SHG intensity at ¢ = 90°
as a function of time delay relative to a pump pulse with
hwp, =0.50 eV and F = 19.2 mJ/cmz, plotted on the same
intensity scale as Fig. 2(c). At¢ = 0O there is an abrupt intensity
drop from the equilibrium 7" = 300 K value down to the EQ
background value, signifying a complete suppression of the
MD contribution. Full collapse of the AFM state is further
corroborated by instantaneous RA patterns acquired around ¢
= 0, which show that only a C4 symmetric EQ contribution re-
mains [Fig. 2(e)]. The absence of any measurable photocarrier
population [Fig. 2(d), inset] suggests that the demagnetization
is driven entirely by nonthermal magnons [34]. We also note
that the resolution limited (<100 fs) demagnetization dy-
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FIG. 3. Parametric magnon pair generation. (a) In-plane (k, = 0) magnon dispersion of the Cuy sublattice of Sr,Cu;04Cl, calculated using
the SPINW code [62] and a J,-J, model. Values of the nearest- and next nearest-neighbor exchange (J; = 130 meV, J, = —32.5 meV) are
determined from experiments [32,42,43]. The k, and k, axes coincide with the x and y directions in Fig. 2(a). (b) Magnon dispersion along
high-symmetry cuts [dashed line in (a)]. The shaded region in the left panel represents the uncertainty in the magnon energy, originating from
slight differences in the exchange energies reported in the literature [32,42,43]. Horizontal dashed lines indicate van Hove singularities in the
magnon density of states (DOS). (c) Transient SHG intensity for select fiwy, and fixed F = 8.0 mJ /cm?. Black lines are guides to the eye.
(d) Transient SHG intensity for select pump polarization angles (9) for fixed fiwp, = 0.55 eV and F = 8.0 mJ/cm?. Black line is a guide to
the eye. (e) Value of the SHG transient at t = 0.4 ps as a function of 6 with the same pump conditions as (d). (f) Value of the SHG transient at
t = 0.4 ps (red markers) as a function of fiw,, for fixed F = 8.0 mJ/cm?. Purple curve shows the calculated bimagnon absorption coefficient
convolved with a 0.04 eV instrument spectral width. Shaded region represents the range over which the bimagnon absorption coefficient varies
using the range of different magnon energies plotted in (b). All measurements were taken at 7 = 300 K. All error bars represent the standard
error of the mean from four independent measurements. (g) Schematic of the parametric generation process where a photon with energy fiwp,
converts into a magnon pair with equal energy fiwm,g = fiwpy /2 and opposite momentum. (Inset) Microscopically, light polarized along the x
direction (green arrow) temporally modulates the superexchange along the vertical bonds, with opposite bonds modulated by opposite signs
owing to inversion symmetry.

namics is consistent with the fast timescale associated with rule:

Cuy-Cu; exchange (h/J; = 30 fs, where h is Planck’s con-

stant), but is incompatible with the slow timescale associated

with Cur-Cuy pseudodipolar coupling (=200 ps) that is re- 2 5

sponsible for the finite M [39]. This rules out the possibility I'= Z ?|(2M(k)|Hc|g)| 8(2hwmag (k) — harp), (1)

that the pump pulse is merely suppressing M by reducing the k

Cu;-Cuyy coupling, in turn decreasing the canting angle of the

magnetic moments, while leaving long-range AFM order of

Cuy intact. where the sum is over the Brillouin zone, |g) is the magnetic
To ascertain whether the nonthermal magnons are ex- ground state, |[2M(k)) is the state with a pair of magnons

cited in pairs with energy selectivity, we performed pump  excited at momenta &k, H, is the light-spin coupling Hamilto-

photon energy dependent measurements. Figure 3(a) shows nian, and §(-) is the Dirac delta function. Therefore a signature

a linear spin-wave calculation for SroCuzO4Cl; based on a  of energy-selective magnon pair generation in Sr,Cu304Cl,

two-dimensional Heisenberg model that includes nearest- and  is a demagnetization efficiency that reaches a maximum when

next-nearest-neighbor Cu;-Cuy exchange energies fitted to ex-  fiw,, /2 coincides with the DOS peak. We measured SHG tran-

periments on Sr,Cu304Cl, and its closely related compounds sients analogous to Fig. 2(d) over a range of fiwy, within the

Sr,Cu0,Cl, and BayCu304Cl; [32,34,42,43]. There are van  window where multiphoton absorption is suppressed, keeping

Hove singularities at two distinct momenta in the Brillouin  both the pump pulse duration and F (8.0 mJ/cm?) constant.

zone: a saddle point at (=7 /2a, —m /2a) and a maximum at  The level of demagnetization near t = 0 is a clearly nonmono-

(0, —7 /a)—where a is the Cu;-Cu; bond length—that gives  tonic function of fiwy, [Fig. 3(c)] and exhibits a maximum

rise to a magnon density of states (DOS) that diverges at near 0.55 eV [Fig. 3(f)] [34], consistent with twice the DOS

hwmag ~ 0.26 €V and vanishes sharply above around 0.31 €V peak. To make sense of the measured line shape, it is neces-

[Fig. 3(b)] [44]. The two-magnon absorption rate (I') depends  sary to first understand the light-spin coupling mechanism that

on the magnon DOS at /iw,, /2 according to Fermi’s golden controls the matrix element in Eq. (1).
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IV. THE ELECTRIC-FIELD INDUCED PARAMETRIC
MAGNON PUMPING MECHANISM

Photoexcitation of magnon pairs in AFM insulators has
been extensively studied in the context of Raman and infrared
absorption spectroscopy. Three main mechanisms have been
put forward [45]: (a) electric-dipole coupling mediated by
spin-orbit interactions, (b) direct magnetic-dipole coupling,
and (c) electric-dipole coupling realized through photoas-
sisted spin exchange [46]. Mechanism (a) is unlikely to be
dominant in Sr,Cu3z04Cl, owing to the weak spin-orbit cou-
pling in cuprates. Mechanism (b) can also be ruled out because
the magnetic-dipole Hamiltonian involves a dot product be-
tween the magnetic moment and the magnetic field of the
pump light [34]. Yet there is no measurable change in the
demagnetization efficiency as the angle (6) of a linearly po-
larized pump beam [Fig. 2(a)] is varied with respect to the
direction of ordered moments [Figs. 3(d) and 3(e)].

Mechanism (c) originates from a spin-dependent electric
polarization for two-magnon excitations of the form

P=> IS S; 2
(i))

where the sum is over spins S on neighboring sites i and
J and II;; is a phenomenological vector coupling strength.
By symmetry, II;; transforms like a vector and is there-
fore nonvanishing if the mid-point of the (ij) bond is not a
crystallographic inversion center [46], which is the case for
Sr,Cuz04Cl,. We note that an overall inversion symmetry
of the lattice does not dictate whether P is vanishing or not
[34]. This enables an electric-dipole coupling of light to +k
magnon pairs of the form H. = —P - Ey, cos wp,t, even in the
absence of spin-orbit coupling or global inversion symme-
try breaking. Physically, this represents a parametric magnon
pumping process. As the equilibrium Heisenberg Hamilto-
nian with superexchange J; is dressed by H., the effective
exchange along the (ij) bond becomes J; + AJ;;(t) = J; —
Ep, - II;; cos wput, imparting a time-periodic modulation of J
at the pump frequency. In the case where the pump photon
is absorbed (as opposed to inelastically scattered), the two
magnons are created exclusively at fiwny,, (k) = liwp, /2 by
conservation of energy and momentum [Fig. 3(g)] [34]. We
note that there could also be an additional contribution to
P that is proportional to the pump field E,, [47]. However,
this would result in a Hamiltonian term that is quadratic in
E,,, corresponding to an inelastic Raman scattering process
[48,49] where the magnon pairs are excited at energies much
smaller than fiwp,, which is inconsistent with our resonant
photon absorption process.

By rewriting Eqn. (2) in terms of magnon operators and
taking into account the C; symmetry of the Sr,Cu3;04Cl,
lattice, the matrix element |(2M(k)|H.|g)|> can be shown
to be proportional to sin® kca + sin’ kya [34]. Using this ex-
pression we find that the bi-magnon absorption coefficient,
which scales like I' x fiwp,, is independent of 6, in agreement
with experiment [Fig. 3(e)]. Moreover, the calculated /iwp,
dependence [34], convolved with our experimental energy
resolution function, agrees well with the measured demag-
netization efficiency curve [Fig. 3(f)]. Collectively these data

support energy-selective parametric magnon pumping as the
origin of the observed demagnetization.

V. RELAXATION OF THE NONTHERMAL MAGNON BATH

Our parametric magnon pumping mechanism provides an
opportunity to study out-of-equilibrium magnon dynamics
starting from a well-defined nonthermal distribution, without
the presence of other optically excited quasiparticles. Fig-
ure 4(a) shows SHG transients measured with fiw,, = 0.55eV
in a weak magnon pumping regime where the order parameter
reduction at t = O is relatively small [Fig. 4(a), inset]. Here
we observe complete recovery back to the r < 0 value on a
fast timescale (t;) of several picoseconds. In contrast, upon
entering a stronger magnon pumping regime where the de-
magnetization is more significant, a slow recovery component
(72) on the hundreds of picoseconds timescale emerges atop
the t; component, becoming increasingly dominant as the
pump fluence approaches and crosses the threshold for full
demagnetization [Fig. 4(b)].

These observations can be comprehensively explained as
follows. High-energy magnon pairs at %=(k,, ky, k;) are ini-
tially excited in the three-dimensional Brillouin zone along
an isoenergetic surface at /iwp, /2, which is highly anisotropic
owing to the weak inter-layer exchange (J. ~ 107%J;) in
SryCu304Cl, [Fig. 4(c)]. These high-energy magnons then
disappear primarily via three processes: (i) emission into the
surrounding un-pumped regions; (ii) annihilation by scat-
tering with optical phonons; or (iii) internal thermalization
through anharmonic magnon-magnon interactions, leading
to the decay of high-energy magnons to a quasi-thermal
anisotropic distribution of low-energy magnons [Fig. 4(c)].
Since all three processes generally occur on the timescale of
a picosecond [16,50,51], we attribute the 7, component to the
loss of high-energy magnons. In contrast, owing to a dras-
tically reduced phase space for low-energy magnon-phonon
scattering, the low-energy magnons cool very slowly—on the
timescale of a nanosecond in comparable layered AFM insu-
lators [16]. Thus, we attribute the T, component to cooling of
the low-energy magnon distribution.

Theoretical models [52] suggest that the efficiency of pro-
cess (iii) in the previous paragraph increases with the initial
density of high-energy magnons. Therefore the weak pumping
regime is dominated by processes (i) and (ii). Here, the density
of resulting low-energy magnons is too low to impart any
measurable change in the order parameter, so no 7, compo-
nent is detected. The observed increase in 7; with increasing
pump fluence [Fig. 4(d)] possibly originates from a density
dependent downward renormalization of J; [53—55], as higher
magnon densities lead to lower precession frequencies thus
slower dissipation, assuming a constant energy dissipated per
precession period [50]. In the strong pumping regime, the
7, component becomes measurable owing to the higher ef-
ficiency of process (iii), with both its amplitude and timescale
continuing to increase with pump fluence. Above the fluence
(F. = 14 mJ/cm?) where the initial density of high-energy
magnons reaches the threshold for full demagnetization at
t =0, a small 7; component can still be resolved atop a large
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FIG. 4. Out-of-equilibrium relaxation dynamics of the magnon bath. Time-resolved SHG transients measured at 7 = 300 K, ¢ = 90°,
and Jiw,, = 0.55 eV for select pump fluences in the (a) weak and (b) strong pumping regimes. Fits to a biexponential function of the form
X%D(t) = xiﬁ.’;}) (t <0)—A;exp(—t/11) — Ay exp(—t /1) are overlaid (black lines). Inset in a shows the fluence dependence of the minimum
SHG intensity and the inset in b shows RA SHG patterns at select time delays for F = 16 mJ/cm?. Error bars represent the standard error
of the mean from fifteen independent measurements. Since 7wy, = 0.55 €V is close to Ag/3, we also acquired AR/R traces at this photon
energy to check for multiphoton absorption. Slight asymmetry about # = 0 was only measurable for fluences above around 12.8 mJ/cm? [34].
(c) Schematic of the multistage relaxation process. The magnon dispersion is plotted vs in-plane (k) and out-of-plane (k,) momentum. The
dispersion along k; is exaggerated for clarity. The magnon occupation at each stage (red) is overlaid. The gray shaded plane shows different
possible momentum combinations of excited magnon pairs. (d) Fitted values of 7, and (e) 1, as a function of fluence. Error bars represent the
fitting uncertainties.

critical slowing down at a quasithermal phase transition
[34,51] [Fig. 4(e)]. We note that the magnon density continues
to increase with fluence even above F, because the transiently
demagnetized state can still support short-range intralayer
AFM correlations and intralayer paramagnons despite the ab-
sence of interlayer coherence due to the pronounced exchange
anisotropy of SrpCuz04Cl,.

7, component [see the F = 16.0 mJ /cm2 curve in Fig. 4(b)].
Upon reaching an even higher fluence (F* = 19 mJ/cm?),
the t; component becomes negligible, indicating a second
threshold where the density of low-energy magnons alone is
sufficiently high to induce full demagnetization. The value
of 7, becomes very large at F*—far exceeding our measure-
ment time window——potentially signaling a divergence due to
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VI. CONCLUSION AND OUTLOOK

The electric-field induced parametric magnon pumping
phenomenon demonstrated here is expected to be active across
a wide range of AFM insulators with broken local inversion
symmetry. While local inversion is broken by the additional
Cuy sublattice in SrpCu3z04Cly, it can also be broken by
metal-ligand-metal bond buckling, which is a common fea-
ture of cuprates and transition metal oxides more generally.
Provided the energy of van Hove singularities in the magnon
spectrum is sufficiently detuned from electronic and phonon
resonances, our protocol can be used to rapidly turn off
magnetic order in these systems by directly engineering the
magnon bath. Through temporal and spectral shaping of the
pump pulse, highly tailored nonthermal magnon distributions
can be created, opening up new possibilities for realizing
exotic collective phenomena beyond demagnetization [56],
such as magnon Bose-Einstein condensation [26], topologi-
cal magnonic states [57], and superconductivity mediated by
drive-enhanced spin fluctuations [58,59].

Note added. Recently, we became aware of another work
[60] discussing resonant electric-field induced pumping of
zone-edge magnons in hematite. However, this work was fo-
cused on modifying the magnon spectrum and did not report
demagnetization.
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