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ABSTRACT

Tn a material with large magneto-optical susceptibility, due to the Tnverse Faraday Effect, circularly polarized optical
pulses induce a pulsed magnetic flux. Alternatively, sufficiently intense optical pulses can induce a pulsed magnetic flux
by means of ultrafast demagnetization of a metallic thin film or multilayer with a perpendicular magnetic anisotropy.
The time varying magnetic flux may induce a transient electro-motive force and electric current in a conducting loop on
the surface of the illuminated material. The latter current induces a transient magnetic field that can be used in various
nanomagnetic processes. The magnetic field pulses due to the transient current appear to be too short for use in the
magnetic field or spin-current induced precessional switching of magnetization. However, our calculations suggest that
the magnetic field could lead to ultrafast switching of a nanomagnet overlaid on the surface of the conductor and
demagnetized by the same optical pulse. In the case of photo-magnetic pulses due to the Inverse Faraday Effect. the
switching direction could be controlled by the helicity of the optical pulse. We also demonstrate that the proposed
device, which we call a Faraday Magneto-Optical Transformer, could be used as a Terahertz emitter.
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As magnetic data storage densities increase, there is a quest for faster methods of manipulating the
magnetization of nanoscale elements within patterned recording media. Several approaches to this task have been
proposed. In ultrafast precessional magnetization reversal, a pulsed magnetic field is applied perpendicularly to the
static magnetization and terminated after a half period of the induced large amplitude magnetization precession, when
the new equilibrium orientation is reached [1-4]. In the spin-torque reversal, electrical current is spin polarized in a
thicker magnetic electrode and is used fo exert a torque upon the magnetization of a thinner magnetic electrode [5-8].
The speed of these methods is limited by the frequency of the uniform ferromagnetic resonance and ability to generate
sufficiently short magnetic field pulses. The nonuniformity of the magnetic response within the nanomagnetic elements
may present an additional complication for the practical implementation of these schemes of magnetization reversal
[9.10]. A faster method is based upon the phenomenon of ultrafast demagnetization [11], in which the sample
magnetization collapses following absorption of an intense optical pulse and then recovers in the direction of the external
magnetic field [12]. The speed of this mechanism is limited by the cooling time of the system and by the duration of the
external magnetic field pulse.

The fact that circularly polarized light can induce a magnetization in a solid is referred to as the inverse Faraday
effect and has been known for some time [13-16]. In optical pump-probe experiments, it is known to be responsible for
the third order non-linearity [17,18]. and has been used to study the relaxation of the electron linear and angular
momentum [19.20]. Tt was proposed that the transient magnetic field associated with circularly polarized laser pulses
would be used in all-optical switching of magnetic elements [21,22]. The experimental evidence for the existence of
such a field was presented in Refs. 23-25, where it was agued that femtosecond magnetic field pulses with magnitude of
up to 5 T might be generated in this way. In Ref. 24, these fields were used to induce transient switching of the sample
magnetization through an angle of 0.6°.

Interestingly, little attention has been paid in the literature to the method by which optically generated
magnetization was detected by in Ref. 14, where an electrical current induced in a coil by the associated time dependent
magnetic flux was measured. Based on the latter idea [14] and combining results from Refs. 12 and 23, we propose a
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