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Abstract

Recently, our group has demonstrated a novel method for the ultrafast manipulation of
magnetism through the photoexcitation of spin polarons (SPs) in magnetic semiconductors
[1-6]. In addition, we demonstrated how, through this approach, we can independently
probe the various contributions (electron, spin, temperature) to the time-dependent
magnetization induced by a light pulse [6], negating the usual need for relying on prior
assumptions to extract these contributions [7-9].

In previous works, we have focused mostly on the spin dynamics [6] and touched briefly on
the electron dynamics [10]. In this work, we offer a more complete picture by presenting a
full analysis on the dynamics of all three contributions, which is achieved through extracting
the temporal evolution of the SP density, SP magnetic moment and spin temperature.

We demonstrate how to individually extract each of these parameters by measuring the
photoinduced magnetization, associated with SPs [2-6], as a function of applied field at
various time delays after initial excitation. We then discuss their individual contributions to the
overall magnetization, and how the dynamic behavior is influenced by the excitation power,
temperature and applied magnetic field. In addition, we present a more detailed discussion
regarding the experimentally obtained value for the correlation time of the Weiss field
fluctuations, o= 3 fs [¢].

Using these results, we are able to confirm the origin of the two fluence-dependent regimes
as briefly discussed in Ref. [6] (see Fig. 1), as well as quantifying the fransition between the
two. Moreover, our results yield quantitative insights in the various contributions of the
processes involved in photoexcitation of SPs, further characterizing the dynamics involved in
SP excitation.
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Figure 1: The photoinduced Faraday rotation (proportional to the photoinduced magnetization [11])
as a function of time delay, at a temperature 7= 5 K with an applied field B= 60 mT in the Faraday
geometry. The blue and red lines indicate a fluence-dependent transition in dynamic behavior.
Reprint from Ref. [4].
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