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Purely Precessional All-Optical Femtosecond Magnetic Switching 
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Ultrafast laser sources provide unique tools to control the magnetic properties of 

materials, both spatially and temporally. Since the pioneering work on ultrafast laser induced 
demagnetization [1], femtosecond (fs) laser pulses have been widely used in theoretical and 
experimental studies of femtomagnetism, achieving switching at the picosecond (ps) time 
scale [2]. Recent technological advances have made possible to harness the polarization 
structure of ultrashort laser beams, allowing the generation of radially or azimuthally 
polarized laser pulses. In particular, it has been recently proposed that Tesla-scale fs magnetic 
fields (B), isolated from the electric field (E), can be obtained through the use of ultrafast 
azimuthally polarized laser beams [3]. Such configuration offers the opportunity to perform 
pure magnetic interactions with an intense fs B field. 

In this work, we numerically show that it is possible to switch any ferromagnetic 
material in the fs time scale using an isolated B field, such as that obtained from an 
azimuthally polarized laser pulse [4]. Up to now, most of the research has been focused on the 
effect of the E field on magnetization, especially the ability to demagnetize the magnetic ions 
by driving them to a non-equilibrium state, which may be done in tens of fs. Our 
micromagnetic simulations demonstrate that the use of intense B fields (up to 102-103 Tesla) 
obtained from an azimuthally polarized laser pulse, allows to perform ultrafast switching 

driven by purely 
precessional effects 
(see Fig. 1). In such 
scenario, the effect 
of the E field can be 
avoided and so the 
possible sample 
damage. Our work 
opens a promising 
scenario to achieve 
complete switching 
of a magnetic state 
at fs time scales 
through the use of 
structured laser 
beams. 
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Figure 1: Spatial distribution of (a) the out-of-plane and (b) the in-plane B field 
carried by an azimuthally polarized laser pulse. (c) Magnetic state after the 
application of a 720 fs laser pulse of frequency f=200 THz. The initial magnetic state 
is a uniformly magnetized nanodot with a radius of  r=2µm.  (d) Temporal evolution 
of the magnetization at r=896 nm (black circle in (c)), showing purely precessional 
all-optical magnetic switching in <1 ps. 
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Magnonics is known to operate with data carried by spin waves and their quanta

magnons in magnetically-ordered magnetic media [1]. Nevertheless, magnons also exist

in paramagnetic materials and are known as paramagnons [2-3]. Paramagnon properties

are governed by the exchange interactions, which does not vanish above Curie/Neel tem-

perature and the dipolar interactions. It is predicted that even long-range paramagnons

should be present in paramagnetic media [1,2]. Recently, an incoherent spin transport

was demonstrated in gadolinium gallium garnet (GGG) Gd3Ga5O12 insulators [4].
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Figure 1: Magnetization of GGG with regard to the

temperature for different bias field. Measurements

were performed via VSM in a PPMS.

Here we present our results on the in-

vestigation of electron paramagnetic reso-

nance (EPR) spectroscopy in GGG 500�m-

thick bulk slabs at temperatures down to

20mK. GGG is the material of choice, as

Gd3+ ions have a large spin S = 7/2 and

its saturation magnetization is about Ms =

800 kA/m. Millikelvin temperatures allow

to reach the saturation of the GGG mag-

netization, by applying magnetic fields of

about hundreds Millitesla. The methodol-

ogy identical to the ferromagnetic resonance

(FMR) spectroscopy is used to define the

magnetic parameters of GGG and its damp-

ing. The foundational investigations of the

GGG magnetization at cryogenic tempera-

tures are performed using vibrating-sample

magnetometry (VSM) – see Figure 1. Af-

terwards, EPR measurements are conducted in a wide range of magnetic fields. These

studies form an initial step towards investigations long-distance paramagnon propagation

in GGG.
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