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dicular anisotropy constant. Here it is assumed @at 1 or
equivalently that the perpendicular anisotropy is sufpciently
strong that it overcomes the effective planar anisotropy due to
the magnetostatic bPeld. This assumption is not an excessive
restriction as ferromagnets with this property such as CoFeB
or Co/Ni multilayers are currently in use (cf]]. The energy
E=Z[lIVm[>+ 1S mZ+ ho(1S m,)]dx is conserved by
solutions of (). The magnetic beld induces a positive shift of
precession frequency. By entering the rotating frame, we take
ho = 0 without loss of generality.

Droplet solutions of Eq. 1) are parameterized by six
distinct quantities: initial positiow®, initial central phase °,
propagation velocity/, and rest precession frequency14].

A previous droplet interaction study was limited to accurately
computed stationary (radially symmetric) dropleis [These
solutions were artibcially deformed to induce propagation with

a bxed but not prescribed speed and were accompanied by
radiation. Only in-phase, head-on, approximate droplet inter-
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The next class of interactions we investigate are propagating
droplets with equal frequencyy = , = ,equal speedl; =
V, = V, and velocities re3ected/; x = IS Vo, about they
axis so thay represents the axis of symmetry. When the angle
of interaction = , the collision is head-on. The attractive
interaction] | < ¢ leads to merger and OtrappedO scattering
along they axis as in Fig1(c). For the symmetric case when
Viy = 0, the scattering is 90 For the repelling interaction,

a<| | < ,the droplets reRect at an angle equal to the
angle of incidence/ 2, as in Fig.1(b). Both Figs.1(b), 1(c)
have =04, =2/ 3,V = 0.6, and successive plotted
droplets aré = 10 units apart. A§ | approaches , the two
droplets collide with one preferentially absorbing the other,
transferring a signibpcant portion of their energy into spin
waves followed by the spontaneous formation of a breather
state as shown in the head-on collision of Fiysl)P1(g) with

= =92, =04,V =06, andt (30,40,80,164).
The asymmetry in the interaction of Figge)PL(g) is due to
the choice (< < . A change in the sign of reverses the

asymmetry. Figuré(g) (inset) demonstrates a steep depletion
of the excitation amplitude $ m, during the loss of energy to
spin waves and an amplitude coalescence associated with the
formation of the breather. Annihilation therefore represents
the crossover from attractive to repulsive scattering where
the incommensurate phases of the colliding droplets cannot
be resolved at high kinetic energies, resulting in the explosive
release of spin waves accompanied by breather bound state
formation.

Previous observations of soliton annihilation in optics were
of avery different typel8 where the simultaneous collision of
three solitons could result in annihilation of only one of them.
Here we see interaction behavior reminiscent of high-energy
particles in a collider. The by-products of droplet collision are

RAPID COMMUNICATIONS

PHYSICAL REVIEW B9, 180409(R) (2014)



RAPID COMMUNICATIONS

M. D. MAIDEN, L. D. BOOKMAN, AND M. A. HOEFER PHYSICAL REVIEW B89, 180409(R) (2014)



RAPID COMMUNICATIONS

ATTRACTION, MERGER, REFLECTION, AND ... PHYSICAL REVIEW B9, 180409(R) (2014)

[16] See Supplemental Materiallaitp://link.aps.org/supplemental/ [20] V. G. Baryakhtar, B. A. Ivanov, A. L. Sukstanskii, and E. Yu.

10.1103/PhysRevB.89.1804fi% animations of Figs. 1(a)D1(g). Melikhov, Phys. Rev. B56, 619(1997).

[17] V. Tikhonenko, J. Christou, and B. Luther-Daviédys. Rev. [21] C. J. Garcia-Cervera,Eur. J. Appl. Math. 15 451
Lett. 76, 2698(1996. (2009.

[18] W. Krolikowski, B. Luther-Davies, C. Denz, and T. Tschudi, [22] L. D. Bookman and M. A. HoeferPhys. Rev. B88, 184401
Opt. Lett.23, 97 (19998. (2013.

[19] A. M. Kosevich, B. A. lvanov, and A. KovaleRhys. Rep194, [23] M. A. Hoefer, M. Sommacal, and T. J. SiMahys. Rev. B35,
117(1990. 214433(2012.

180409-5


http://link.aps.org/supplemental/10.1103/PhysRevB.89.180409

