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Motivation Discussion
Novel physical phenomena often present opportunities for technological | In our inspection of the Fourier transforms we can see various novel behav-

advancement, offering insights into unexplored material properties and iors in the frequency and momentum spaces as follows:

behaviors that can drive innovation. Magnetic materials serve as a prime
testbed for discovering and applying novel spin phases. For example, spin Highly pronounced frequency response for the magnetization of the sam-
textures can emerge from complex magnetic interactions and geometric ple, as well as a highly peaked response for the dynamics of the winding
number, further highlighting the distinction between the two modes,

and their experimental accessibility.

effects, which we can understand by exploring their “phase diagram.”

In magnetic materials exhibiting long-range spin-spin correlations, the or-

Fig 3. a) Log plot of B field excitation for a sample under static field of .050T. b-i)Time evolution of a single skyr-
mion in a mixed stripe phase on the upward sweep on the hysteresis curve, relaxing from the above pulse. Winding
number is also listed, and determined numerically.

der parameter is often magnetization. The symmetries within this param-
eter space directly influence material properties. Of particular interest is Long lasting and highly pronounced responses to excitation in the mo-

mentum space, highly visible as an observable for a RIXS interrogation of

Fe/Gd dynamics.
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the skyrmion, a spin vortex with nontrivial topology, acting as a quasipar-
ticle with valuable properties. Chief among these is its long lifetime and
the potential to be manipulated with far lower currents than typical infor-

B(T)

mation carriers, such as electric charges, making skyrmions an ideal plat- Ultimately, what we see is strong responses that we can measure and char-

form for high-performance information technology. r— = — = acterize through Tr-RXD and RIXS, to affirm our simulated picture of these
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Our project aims to explore the ultrafast time dynamics of the skyrmion i ) Mg)j L(;J dynamics, and explore an underutilized space in ultrafast x-ray science
phase under the influence of an external magnetic field (H field) using mi- PR T T e s
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of the dynamics that inform how to encode and manipulate information number is also listed, and determined numerically " “ " _ "
within these quasiparticles as quickly as possible, and secondly, utilizing
the novel tools enabled by LCLS-II X-ray free-electron lasers to character- . _
ize these changes.
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topological charge, and magnetization (Figs 3-5), existing well beyond the dae e e .
picosecond timescale of our pulse. o o
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Using the material parameters measured in S Montoya, et al.[1], and the Coherent modes emerge in both the magnetization, and in the winding i
mumax 3 micromagnetic simulation package[2], we set out to simulate number, with clear periodicity and a lifetime lasting into the nanosecond e e g L g e
the following: timescale (Fig 6) ~ — Ghde gl W
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Phase diagram shown by Mz as function of applied field (Fig 1.), includ- Distinct modes in the magnetization (dMz/Mz) and the winding number T e = T
ing hysteresis dependent effects on the spin texture of the system, repli- (dN/N), whose differing periodicity (Fig 6) imply that these are two sepa-
cating the phase diagrams experimentally measured in S. Montoya, rate and competing modes o
et al. [1] ’ - °
Phase dependence on the time resolved dynamics of both the magnetization o
Time dynamics of the Fe/Gd system when excited with a 2 picosecond and winding number, rather than a dependence on the static field, demon- - .
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in log scale.
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Acknowledgements References
Thank you to the kind staff at SLAC and LCLS who have made this work possible: 1] Montoya, S. A., et al. “Resonant properties of dipole skyrmions in amorphous Fe/Gd multilayers.”
Lingjia Shen, my mentor and advisor on this project, who has been indispensable throughout Phgsmol Review B 95 22 (2017): 224405.
The S3DF staff, for handling my unorthodox approach to computer resources 2] Vansteenkiste, Arne, et al. “The design and verification of MuMax3.” AIP advances 4.10 (2014).
LCLS Internship Program Staff, for facilitating this whole endeavor 3] Zhang, S. L., G. Van Der Laan, and T. Hesjedal. “Direct experimental determination of the topo-

The developers of the mumax3 simulation package at Ghent University logical winding number oFskgrmlons in Cu20Se03.” Nature Communications 8.1 (2017): 14619.



