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SPIN HELIX

Sk = S[(Ae™R + A*e_f‘k‘R) cos (v + ¢sin a/,

A=(a—ib)/2, a2=b0=1, (a-b) =0,

¢ = |a x b|, &« — cone angle..



FELIX STRUCTURE

Helical strucure: Wave vector k
¢ 1s perprndicular to spin rotatic
T'wo main cases:

¢||k B20 magnets.

¢ L k cycloid ( Multifrttoiks). .



DMI 1

Spins are rotated by DMI:

Vpar = D - [S1 x S| = DS?%sin 6.

DMI appears due to inversion symmetry
breacking in the center of the bond b

connecting two spins (Moroya theorem).



DMI 2

Three breacking ways.
i. Mn — S1— Mn bond along .

P

A

Si shifting || : Lamnsi < Lsiam, D ~ [y X Z]
k|| £ ¢. Simple heliz.

ii. Mn— O — Mn bond. O shifting along vy or z :
D~ [& x ]

k 1 ¢ —»Cycloids.

A

Y

zor |z x z

iii. Mirror symmetry breacking z # —=

D ~ [% x b]. Cycloid.



ENERGY

Exchange and DM interactions
+ magnetic field

H = (1/2) ZUR.R"(SR Sgp’) + (Drr - [Sr X Sg)] + Z(H - Sr).

Dr'r = —=Dgrr



HELIX ENERGY

E = S*{Jysin*a + [Jx +i(Dy - ¢)]} cos“a + S(H - ¢).

]k: Zb JbCOSk-b?

A

Dk:izbdb[g X b]Sil’lk-b



SQUARE SURFACE LAYYR

Arrows are DM vectors

R D, =d[yx z], D, =d[—1 x Z]

Jx = 2J(cos k, + cos k),

n- —_— ()f';f“](_ C";'I"] L‘ C‘";'I”] L‘ \ Y, ()G.fll-:; N ]1'



AF LATTICE
k - k+m(1,1)

tan k, = k¢, ;tank, = —kc¢,, k =d/.J
(H - ¢)

: H,S — 45]0 J[] — 4./,

SIN (v =

H.

H .~-spin flip field.



In-Plane FIELD

k> k?
i 3 sin® ¢ + cos* &) — W cos?(¢p — @)}} ;

¢ = (cos¢,sin¢), H= H(cos®,sin®) W = (H/4H_.k*)*.

E=—S°J, {1 |

TERMS: 1.AF energy. 2. Helix part.

3. DMI anisotropy. 4. Field energy.



CHIRAL DOMAINS 1

H = 0 Energy minima along square
diagonals (easy ¢ directions).

Maxima along ridges (hard directions).
Four chiral domains:

k 1 ¢ CYCLOIDS.

H > HE — ¢l +H Two domains.



CHIRAL DOMAINS 2

1 H

Strong field H > H; = Hckg/Q\/ﬁ: %
Weak field H < H;. H—— (1.0).£7/4 domaims ro

H||(1,1), H < H;. Both +7/4 are in their places.
H = H,;. —m/4 dolain jumps to plus place.

T'his state is stable below H,.



FIELD |](1,0)

H > H,




FIELD || (1,1)

T — H,/+/>2




Out-of--plane FIELD 1

(H-2) = Hcos O,

¢ = (cos ¢sinf,sin ¢sinf, cosb).

k, = —ksinosinf. k, = kcosgsing. .

E = —S%Jy(k?/4)sin*6 — (SH?/2H,) cos*(f — O).
H/H,¢)?sin?2

tan 20 = 1—((H//H3ff))2c'0526)? H_gf — Hck/Q\/i > Hy.




Out-of- PLANE FIELD 2

—— e a— — v —— — —— — ]

i. (H/H.f)?cos20 =1, k* = k*/2.
ii. © =0, H|||Z.

E=—5%Jy,— SH?/2H, + AE.
AFE ~ (H? — HZ;)sin” 0.

H < HSf 0 = 7T/2,} Helix.

1 > Hsr, 0 =0, AF 1n flop state.



RESULTS

In-plane field rotates (¢, k) cross.
Strong field ¢||H.

Two chiral domains.
Out-of-plane field.

(kdecreasing.

Strong field.

Helix — Antiferromagnet.



3-D GENERALIZATION

LG LLLLLLLGL

= 0: (¢, k) plane, |¢ x k]| direction.

plane field. Rotation of K + k reflections (.
main transitions.

larization: Ao ~ (¢- K)(K -P) at P||H
mges with ¢ rotation.

t-of- plane field.

lecrising, AF transition.



CMACNBO!



FM LATTICE
FM critical field Hy = S Jok* /2.
Donain rotating field
Htg= SHk ~ k> < Hy ~ k.
Anisotropy: Dipolar interaction:

A— A+ (gup)*Ai/a’, Ay ~ 26.



TRIANGULAR LATTICE

Ronde ha =

by =2xcosy ysiny,y =mn/.

E=-25") {Jcos(b; k)—

j=0,£

d|(c- |z x b;|)sin(b; - k)|} = S(H-¢)/2H,.,



K-EXPANSION 1

k2 k L ¢ Cycloid.
B=-52 (1+15) - S0
k= d/J. Jy = 6J.

H, =4S.Jy. H; = S.Jok? /2.

| — 2 4 14 4 / T B QSTQ-JU;I1'4
AEy = (5%Jok™/16) Z sin“ (¢ +nm/3) = _

n=0+ 132



SIX ORDER ANISOTROPY

S=Joh” 6 |
ANEqg = — sin“ (o +nmw/3) ~ cos 60o.
0 144 ﬂ;i &+ nm/3) N

Three domain pairs.

Easy ¢ axes: £7/6,7/2.

Domain rotating field

: 3 3/2H s k4 ,
Hy = V3Hk (g py NEPUE (papy



RECTANGULAR LATTICE

.
-
L dely dytx
- T < IL'!I - Jr 7 ;U B ,j_” .
9 dz
| E = —257 (fj sin® ¢ + + COs” u)
- '
L

tes: 0 =0, ¢ = ?T;m

AETRYES
] — G2 (f — %5) rotates (¢, k)
T H

) = (Cz)..



LAYER POLARIZATION

Layer is at zy above the substrate.

Elastic energy U(z) = —5K (2 — 29)*.
Helix energy E = —S%d>(2)/4.J.
Layer shihifting 6z = —S2dd’ /2K .J.
2.

0oz=01it H, > HSf ~ H. k.

Polarization P ~ 2



CONCLUSIN

Magnetic field affects strongly
the DM helical structure:

[t may rotate the vector k,
Chane its value,

Supress the helix.
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