REBRBESHA (—RMAFRE - R AFHEMA)
( XAREBFERBTRBLTGEEN, L, EEFRBELLTRIRSN TV S H [F B ABTRABL TV LV THEETT, )

CR93=  Experimental Report{,%, pac SEE iﬁfrﬁiﬁépiﬁf‘.ﬁ.zéﬁ%’ﬁ
000 Date of Reportd 2016/8/2

F2REES Project No. EBEEH{EE Name of Instrument scientist

2016A0215 Jun—ichi Suzuki and Kazuki Ohishi

FEREERES Title of experiment &£ Name of Instrument/(BL No.)

Direct observation of uniaxial-stress—induced skyrmion state in | TAIKAN/BL15

MnSi = H Date of Experiment

EEREFEE4S Name of principal investigator 20-25" May, 2016

Taro Nakajima

Fif@ Affiliation

RIKEN Center for Emergent Matter Science

B ERAE FAOKRGEON-ILT 2. BR, EREL. BBRLTTFEV, GEE. BRRFFTDIE)
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1. &% Name of sample(s) and chemical formula, or compositions including physical form.

Name : Cu20Se03
Chemical formula : Cu20Se03
Form : Single crystal

2. EBRAERUER EBRIIFEWIEGISBE. TOEHEFFEMBLTIZELY, )
Experimental method and results.  If you failed to conduct experiment as planned, please describe reasons.

A nanometric voltex-like spin structure, (magnetic) skyrmion, has attracted increasing attention in
recent condensed matter physics research [1,2]. Because this magnetic vortex can be controlled
by means of a variety of external stimuli; for example, by flowing or injecting (spin-polarized)
electric current [3,4]. Therefore, the skyrmions are expected to be applicable for new spintronic
devices and/or information storage devices in the future.

Quite recently, we have found another methodology to control skyrmion phase, that is, application
of uniaxial stress. In the previous experiment at TAIKAN (proposal No. 2014B0102), we performed
small angle neutron scattering (SANS) measurements on a single crystal of MnSi, which is a
typical skyrmionic compound, under applied magnetic field and uniaxial stress. We revealed that
the skyrmion state is suppressed by the application of uniaxial stress parallel to the magnetic field
[5]. We also performed magnetic susceptibility measurements on MnSi, revealing that the skymion
phase is enlarged by applying uniaxial stress perpendicular to the magnetic field [5].




2. REEAERUHER (DDF) Experimental method and results (continued)

In the present study, we applied this technique, i.e.,
uniaxial-stress-control of skyrmion state, to another
skyrmionic compound Cu,0SeO;. We performed
SANS measurements on Cu,0SeO; under applied
magnetic field and uniaxial stress at the TAIKAN
instrument (BL15) in MLF of J-PARC.

A single crystal of Cu,0SeO; was cut into a
rectangular shape with dimensions of 2.5 * 25 * 1
mm?, and was placed in a uniaxial stress cell, which
was also used in our previous SANS experiment on
MnSi [5]. The uniaxial-stress cell was loaded into the
horizontal field cryomagnet installed in MLF. The
uniaxial stress (o) was applied along the [110]
direction, and the incident neutron beam was parallel
to the [1-10] or [001] directions, as shown in Figs. 1(a) =
and 1(b). .

Before going into the skyrmion phase, we s e A ST
investigated uniaxial stress effects on a helical o L
magnetic phase, which is the ground state of this
compound. In a previous study, it was reported that
the g-vectors in the helical magnetic phase are neutron beam, uniaxial ~stress, and
parallel to the <100> direction of the chemical lattice  crystallographic axes. [(c)-(f)] SANS patterns
[6], and therefore there are 3 magnetic domains measured at [(c), (d)] O Pa, and [(e), (f)] 101
having the g-vectors of (q,0,0), (0,9,0) and (0,0,9). We  wpa.
found that the application of o favors the magnetic
domain with the g-vector of (0,0,q), which is
perpendicular to o, while it suppresses the other two domains, as shown in Figs. 1(c)-1(f).
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Fig. 1: [(a), (b)] Schematic diagrams showing

the directions of the g-vectors, incident

Keeping these results in mind, we investigated uniaxial-stress effects on the skyrmion state in
Cu,0SeO;. We measured temperature dependence of the SANS patterns under magnetic field
and o, revealing that the equilibrium skyrmion phase is extended toward low temperatures with
increasing o . Moreover, when the sample was cooled withc and magnetic field, a metastable
skyrmion state was realized at low temperatures. This metastable skyrmion state still remained
even after removing o at low temperatures. By repeating the magnetic-field and uniaxial-stress
cooling, we established a metastable state diagram, which shows that the metastable skyrmion
state spreads in a wide range of temperature and magnetic field. Further analyses are ongoing,
and these results will be published elsewhere.

References

[1] Muhlbauer et al., Science 323, 915 (2009), [2] N. Nagaosa and Y. Tokura, Nat. Nanotech. 8,
899 (2013), [3] X. Z. Yu et al., Nat. Comm. 3, 988 (2012), [4] N. Romming et al., Science 341, 636
(2013), [5] Y. Nii, T. Nakajima et al., Nat. Commun. 6, 8539 (2015), [6] S. Seki et al., Phys. Rev. B
85, 220406R (2012).




