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Crystal structure
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Boren, 1933

« B20-type r&'l‘l’bic
. Space group P23, a=46A
* 4 Me and 4 Si1 atoms are inside a unit cell

with uy, = 0.138 and ug, = 0.845




What is structural chirality:

(w,u,u), (1/2+u,1/2-u,u), (w,u,u), (1/2+u,1/2-u,u),
(12-u,-u,1/2+u) (-u,1/24u,1/2+u) (1/2-u,-u,1/2+u) (-u,1/2+u,1/2+
with

Uy = 0.138 1 ug; = 0.845.

with uy,, = 0.862 mug, = 0.155.
. b




1. H-T and T-P phase diagrams

[1]Y. Ishikawa, G. Shirane, J.A. Tarvin, M. Kohgi,
Phys.Rev.B 16 (1977) 4956.
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Driving forces 1n magnetic system of

k-dependent part of the classical energy [P.Bak, M.H.Jensen, J.Phys. C13 (1980)

E, =-(S%2) J.cos’a - S?D, (k[a x b])cos’a +

+(S*F/A)[k,* (a, > + b, )+ k> (a,* + b, ?) +k,*(a,? +b,?) ] cos*a + S hy sinaL

At (ka<<1):J, =], Ak*¥S and D, = D,.

Hierarchy of interactions:| A >> D a>>F

A@;C,k

y' E,=-(5%2) Jycos*a + S hy sina +

b + [SAKY2 +(S?FKk?/4)2c? (a;2+b.?) - S?D, (k [a x b])] co

ponents of k:  SA 'k, +(S?Fk. /2)2c? (a,?+b,?) = S?D, [axDb],

rki SAk® +(S?Fk%2)Zc? (a2 +b,%) = S°D, (k[axDb])



Driving forces 1n magnetic system of

Bak-Jensen model:
k=S2D, [axb]/{SA +(S*F/2)Zc? (a>+b;?) }

(i) kL[axb]
(i) k=SDy/ {A +(SF/3)! ~SD,/A

(111) 1if D, <0 then left-handed spiral & if D, > 0 then right-
handed spiral

(iv) Direction of K is not fixed by the Dzialoshinskii interaction.
It is the anisotropic exchange (S F/2) Xc.? (a,? + b, ?), which
does !!!




Driving forces in magnetic system of

Substitute K = S?D, [ax b]/ {S A +(S?F/2)2c? (a,> +b,?) } into

E, = [SAK¥2 +(S’FKk?/4)2c? (a;2+b,?) - S’D, (k [a x b])] cos?a.

cl

Yc? (a2 + b.?) is maximal and equal to 2/3 at (k | c || [111]) and
is minimal and equal to 0 at (k|| c || [100])

If F<O0, thenE_ is minimized at (k|| c|/[111]);
If F>0, then E_ is minimized at (k|| ¢ || [100]).




Magnetic order in Fe,_,Co,Si and Mn,_ Fe Si

Fe, Co,Si

Mn,_FeSi
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Crystal chirality and magnetic chirali’ry'-i‘ﬁ%
Fe, .Co,Si and Mn,_Fe Si

[ Y
(+ 1) (- 1) *S. V. Grigoriev, et al,

Phys. Rev. Lett. 102 (2009) O¢

Fe, ,Co, Si

*S. V. Grigoriev, et al,
(+ 1) (+ 1) Phys. Rev. B 81 (2010) 012408
*V.A. Dyadkin, et al,

° Phys. Rev. B 84, 014435 (2011)
Mn,_ Fe Si Y 2
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Critical femperature T, in

Mnl_x FexGe
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Crystal handedness and magnetic
chirality in FeGe T
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Small angle neutron scattering on
the powder samples Mn,_
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Critical temperature T, and spiral
wavevector k in Mn,_, Fe, Ge

MnGe
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The wavevector k = 0, T. = 240 K!lI k->0,x,.=0.75

The system transforms to ferromagnet!




Crystallographic and magnetic chirality in
Fe, .Co,Si, Mn,_Fe Si and Mn,_Fe Ge

¢ | Vm
Fe, Cosi  (+1) (-1)
(-1) | (+1)
mn Fesi (T1) | (+1)
(-1) | (-1)
Fece (1) (-1)
(-1) | (+1)




Additional experimental proof

arXiv.org > cond-mat > arXiv:1302.2319
NATURE NANOTECHNOLOGY

Skyrmions with varying size and helicity in composition-spread
helimagnetic alloys Mn;_ Fe Ge
K. Shibata, X. Z. Yu, T. Hara, D. Morikawa, N. Kanazawa, K. Kimoto, S.
Ishiwata, Y. Matsui, Y. Tokura

Composition x Domain I Ym I'c X Ym

~ 0.5 A + + +
~ 0.5 B — — +
~ 0.7 A — = +
~ 0.9 A - — —
~ 0.9 B = + —

1.0 A + — S

1.0 B — + —

Lorentz transmission electron microscopy



http://arxiv.org/
http://arxiv.org/list/cond-mat/recent
http://arxiv.org/find/cond-mat/1/au:+Shibata_K/0/1/0/all/0/1
http://arxiv.org/find/cond-mat/1/au:+Yu_X/0/1/0/all/0/1
http://arxiv.org/find/cond-mat/1/au:+Hara_T/0/1/0/all/0/1
http://arxiv.org/find/cond-mat/1/au:+Morikawa_D/0/1/0/all/0/1
http://arxiv.org/find/cond-mat/1/au:+Kanazawa_N/0/1/0/all/0/1
http://arxiv.org/find/cond-mat/1/au:+Kimoto_K/0/1/0/all/0/1
http://arxiv.org/find/cond-mat/1/au:+Ishiwata_S/0/1/0/all/0/1
http://arxiv.org/find/cond-mat/1/au:+Ishiwata_S/0/1/0/all/0/1
http://arxiv.org/find/cond-mat/1/au:+Matsui_Y/0/1/0/all/0/1
http://arxiv.org/find/cond-mat/1/au:+Tokura_Y/0/1/0/all/0/1

Results

Lorentz transmission electron microscopy
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Magnetic ordering in Fe; ,Co,Ge
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Small angle neutron scattering on
the powder samples Fe;_,Co,Ge
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Critical temperature T, and spiral

wavevector k in Fe, ,Co,Ge
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Crystallographic and magnetic chirality i
Fe, ,Co,Si, Mn;_Fe Si, Mn,_Fe Ge, Fe, ,C

I Y
Fe, Cosi  (+1) (-1)

Mn,_ Fe Si (_|_ ]_) (_|_ 1)
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Boisoabr
* Poct J npu x = x_. npoTueOpeumT
NNABHOMY YMeHbLeEeHUro T, B 3TUX
Kpuctannax. 4Yto npoucxoaut ¢ J?

» KoHcTaHTa O39N0WUHCKOro octaeTcs
KOHCTAQHTOW BO BCeM AMana3oHe
KOHUEHTpaumum X, HO MeHsaeT 3HaK Npwu

X = X.. TTpy 3TOM OHa paBHa 3TOU xe
BennvuHe B8 MnSi u Fe, ,Co, Si.




=

Fparcpees Cepref Baisnsniosin Magwin Bidiiu Adlcecniipouin,
A s, pgyual s 11' BH, Crapaii sl Eofu-ul i, SRR oy A, THA
sorsphy g, [TFRD HMLLEH, Nersane HHI] KM, Terqnsa

Konnektue asTopos 3tou paboter
BbIpaXxaeT 6,11aroAapHOCTbL BCeM
Tem NHoASM, KoTopble

NOAAEPKUBAFOT UX B IKCMEpU-

MeHTax, 06CyxAaroT pesysibTarTsL, \\a i

‘

KOMMEHTUPYHOT U KPUTUKYHOT.

Ty Gk Hageeega Wasilassna, Caen Apie Jubdgan
b il my el corpy e, TIFLAE: s imipanT, HelmEollz-Tenliim
HHIT 35 Tarsinin (Beeathachl, Tepesing

ql-'l'“--“" '1.-““1" A 3 pecaie, Ll HEn Adcronnl Buchiem, Migee Meaiein
b, HEyuERE ooty gees, EHEL B b, o el dy e maierap, Tetlsische Univeratis)

EERF, MNpexolimk, Spam sorppanaE, FASE FAR, Tpoaue Erdenachw e, Tepaaini




	Киральная катастрофа модели Бака-Йенсена в Fe1-xCoxGe
	Слайд номер 2
	What is structural chirality?
	Слайд номер 4
	Driving forces in magnetic system of MnSi.
	Driving forces in magnetic system of MnSi.
	Driving forces in magnetic system of MnSi.
	Magnetic order in Fe1-xCoxSi and Mn1-yFeySi 
	Слайд номер 9
	Параметры магнитной системы Fe1-xCoxSi 
	Параметры магнитной системы Mn1-yFeySi 
	Константа Дзялошинского- сколько это для�кристаллов этого типа P213 ?
	Crystal chirality and magnetic chirality in �Fe1-xCoxSi and Mn1-yFeySi
	Critical temperature TC in �Mn1-xFexGe
	Crystal handedness and magnetic chirality in FeGe 
	Слайд номер 16
	Critical temperature TC and spiral wavevector k in Mn1-xFexGe
	Crystallographic and magnetic chirality in �Fe1-xCoxSi, Mn1-yFeySi and Mn1-yFeyGe 
	Additional experimental proof
	Слайд номер 20
	Magnetic ordering  in Fe1-xCoxGe
	Слайд номер 22
	Слайд номер 23
	Слайд номер 24
	Driving interactions of the magnetic system 
	Crystallographic and magnetic chirality in �Fe1-xCoxSi, Mn1-yFeySi, Mn1-yFeyGe, Fe1-xCoxGe 
	Выводы
	Слайд номер 28

