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Outline

m Introduction

m Elastic neutron cross-section

m Magnetic ground-state of MnS1

m Inelastic neutron cross-section
» Spin-fluctuations 1in weak ferromagnetic metals

m Chirality of spin fluctuations in MnS1

m Polarised SANS experiment
» Spin fluctuations with cubic and DM anisotropies
m Polarised SANS experiment under pressure above P,
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Crystal Structure

m cubic (P2{3)

® non-centrosymimetric
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Q.C.P. at critical pressure P, ~15 kbar

Resistivity shows non-Fermi liquid behavior
(6 # T?) with Pressure
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Elastic neutron cross-section

6=NN*+D,-D* +P,- (D N*+D* N)+iP,-(D* xD,)

m O: total cross section

(M. Blume, Phys. Rev. 130, 1670)

Spin chirality in MnSi probed by polarised neutrons — p.6/2!



Elastic neutron cross-section

E=NA BJ_Dj_ ﬁi'(BLN* D N) iﬁi'(B*LXBJ-)

m O: total cross section

= N=N(Q)=Y,biexp(iQ-7): atomic structure
factor

(M. Blume, Phys. Rev. 130, 1670)
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Elastic neutron cross-section

E=NA BJ_Bj_ ﬁi'(BLN* D N) iﬁi'(B*LXZ_jJ-)

m O: total cross section

= N=N(Q)=Y,biexp(iQ-7): atomic structure
factor

= D : magnetic interaction vector

D, =D, (0)=0x (D) x 0))

(M. Blume, Phys. Rev. 130, 1670)
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Elastic neutron cross-section

E=NA l_jJ_l_jj_ ﬁi'(BLN* D N) iﬁi'(ﬁjXDJ—)

m O: total cross section

= N=N(Q)=Y,biexp(iQ-7): atomic structure
factor

= D : magnetic interaction vector
(D1 =D1(0)=0x(p(Q) x 0))

= P;: polarisation vector of the neutron beam

(M. Blume, Phys. Rev. 130, 1670)
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First case: non-polarised beam (}_’} =0)
csmazg. — DJ_ 'Dj_ — %{S(Q—%—ﬁ) +6(Q_%+§)}

6 107241
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Helix along <
Period ~50 cells
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Diffraction by a magnetic spiral

Second case: polarised beam (|P;| = 1)

® Ojpqg. :l_jJ_'l_jj_—l_iﬁi'(l_jJ_ Xl_jj_)
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Diffraction by a magnetic spiral

Second case: polarised beam (|P;| = 1)

® Omag. :BJ_Dj_—I—lP;(BJ_ Xﬁj_)
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Diffraction by a magnetic spiral

Second case: polarised beam (|P;| = 1)

® Omag. :BJ_BE—I—IP’Z(BJ_ Xﬁj_)
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Diffraction by a magnetic spiral

Second case: polarised beam (|P;| = 1)

® Omag. :BJ_BE—FIP;(BJ_XBE)

q
= if 0//¢ and +P,/ /g, then F, = {0,1} or
F_={0,1}
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Diffraction by a magnetic spiral

Second case: polarised beam (|P;| = 1)

® Omag. :l_jJ_l_jj_—l—lﬁl(l_jJ_Xl_jj_)

q
= if 0//¢ and +P,/ /g, then F, = {0,1} or
F_={0,1}

m — direction of g can be determined
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Magnetic INS

Cross-section:
= S%P(0, ) = [1 —exp(—ho/kgT)] " 3x*P(0, )
m A%P = 1/2(5%P 4 §Po)
s B%P = 1/2(5%P — sP.e)

O I(éa 0)) ~ Zoc,B(Soc,B — QAaQB)Aa’B(éa (’)) "‘Zoc,B(QQ'P)i) Zyga,B,yQYBa’B(éa 0))

e from unpolarised INS — symmetric part of 3y (0, ®)
e from polarised INS — antisymmetric part of 3(Q, ®)
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1.-Dynamical susceptibility in magnetic metals:
X(Qa W) = XO(Q ®)/(1 _J(Q)XO(Q,(D) —I—MQ, ®)) where
X0 (é, ®): non-interacting susceptibility

J (Q): exchange interaction

MO, ®): damping
Below T,:

e Spin-waves at small ¢

e Stoner continuum
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2.-INS 1n the ordered phase (non-polarised)

SK 10 KOs i Along (q,1,1) MnSi T=5K
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Dynamical susceptibility (¢/k << 1)
%G ®) =x(q)/(1 —io/v,);  %(g) =x(0)/(1+¢°/x*)
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1.- Persistence of Stoner continuum above T,

MnSl EDﬁrnLVme‘J] Mns| { UIJBEImh-‘meW

— Stoner continuum up to 300K

— Spin-waves replaced by

isotropic fluctuations
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2.- Low-energy fluctuations (non-polarised):
efrom spiral to ferromagnetic correlations

iTi=g lq (10 A

Wq) = Aq(q” +x7)
— typical for weak ferromagnets

(SCR Theory of Moriya)

(—'-?[0111
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Polarized INS in MnSi above T

Goal:
is there a non-vanishing antisymmetric part in 3% (Q, ®)

Yo.p (80 — 0u0p)A%F(0, ®)
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Polarized INS in MnSi above T

Goal:
is there a non-vanishing antisymmetric part in 3% (Q, ®)

Yo (80 — 0uOp)A%(0, )+ Lo (0 By) Ly s ,0'B% (0, 0)
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Polarized INS in MnSi above T

Goal:
is there a non-vanishing antisymmetric part in 3% (Q, ®)

Yo (80 — 0u0p)A%(0, )+ Lo p (0 By) Ly s ,0B% (0, 0)
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Polarized INS in MnSi above T

Goal:
is there a non-vanishing antisymmetric part in 3% (Q, ®)

Zoc,B(Soc,B — QOLQB)AOC’B(Qa 0))+Zoc,|3(é . ﬁO) Eygoc,B,yQAYBOCB(Qa (’))
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No polarisation dependence
Appears at commensurate position
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Polarisation dependence

Incommensurate paramagnetic fluctuations
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Chiral parameter

From Polarised INS:
B%B £ (0 = %P _ gho £

Xxx xxy

= 3x(0,0) =3 (
xyx xyy

) = 3 # Sy
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Chiral parameter

From Polarised INS:

B%B £ (0 = %P _ gho £

. 5 xxx xxy . .
= 3x(0,0) =3 = 3" #3x°
xyx xyy

(O PY(1/N) Lapsin(@- (Ru—Rs))0- (S x5, )
T
Chiral parameter

(S. W. Lovesey et al., J. Phys.: Condensed Matter 10, 6761)
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Dzyaloshinski-Moriya interaction

= Heisenberg operator: —2); ; Ji,jgi ' §J’
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Dzyaloshinski-Moriya interaction

- =

= Heisenberg operator: —23); ;J; iS;-S;

= DM-interaction in non-centrosymmetric crystals:
D-Zijj[Si X S]]
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Dzyaloshinski-Moriya interaction

- =

= Heisenberg operator: —23); ;J; iS;-S;

= DM-interaction in non-centrosymmetric crystals:
D-Zijj[Si X S]]

~ (1+0%)3(x

TG+
+(D- 0)( fo) (xT<a+8,w>—xT<a—8,w>>

@b
(Qb A

¥ Incommensurate fluctuations & ~ atan(D/J)

@ Polarisation dependent part ~ (Q : E)

(D. N. Aristov et al., Phys. Rev. B 62, R751 (2000).)

Spin chirality in MnSi probed by polarised neutrons — p.20/2:



m Polar. along Q

O Polar. along —Q

=
£
o~
=
j22)
2
=
=
5]
O
=
o
i
=
o
Z

Neutron Counts/ 2*7 min.

0.9 1 1.1
(0,0,q) (1lu) (0,q,9) (r.l.u.)

3%(d(3),0) ~ e With I =ug(q” + %)
u="25meV/IA3; x=0.12% (T — T.)°>

Spin chirality in MnSi probed by polarised neutrons — p.21/2!



MnSi, Observed Chiral Fluctuations MnSi, Calculated Chiral Fluctuations

8 ~ (0.02,0.02,0.02)

3%(d(8), ®) ~ ey With T = ug(q” +x°)
u=25meV/IA3; x=0.12% (T —T.)0>
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MnSi, Observed Chiral Fluctuations MnSi, Chiral Fluctuations above T,, calculated

8 ~ (0.0,0.02,0.02)
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Small-angle scattering experiment
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Small-angle scattering experiment

unpolarised
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Small-angle scattering experiment

critical/paramagnetic scattering is single-handed
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Cubic systems with DM interaction

m exchange interaction

= DM interaction has a tensor form: Dgg,

= cubic anisotropy F /2(qz|S%|* + q;5|Sy|* + 42| S5 |%)

This leads to a cross-section:

do . k> +q*>+1>—2kqP
dQ ™ (q=k2 <+ [[FIk2/2B](£i—1/3)”
k = D/B (length of helix), B=exchange interaction

1) because of DM interaction, cross section depends on P
ii) cross section o< gpcos(®)

(S.V. Maleyev, to be published)
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Conclusion

m magnetic ground-state 1s a left-handed spiral
m single handeness of the paramagnetic fluctuations

m pol. triple-axis and SANS measurements on 2
different crystals yield consistent results

= 1mportance of cubic anisotropy and DM-interaction
in MnSi
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