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CHIRAL FLUCTUATIONS IN MnSi ABOVE THE CURIETEMPERATURE MEASURED WITH POLARIZEDINELASTIC NEUTRON SCATTERING�B. RoessliLaboratory for Neutron S
attering, ETH Zuri
h & Paul S
herrer Institute5232 Villigen PSI, SwitzerlandP. Böni, W.E. Fis
her, and Y. EndohPhysik-Department E21, Te
hnis
he Universität Mün
hen85747 Gar
hing, GermanyLaboratory for Neutron S
attering, ETH Zuri
h & Paul S
herrer Institute5232 Villigen PSI, SwitzerlandInstitute of Materials Resear
h, Tohoku UniversityKatahira, Aoba-ku, Sendai, 980-8577, Japan(Re
eived July 10, 2002)Using polarized inelasti
 neutron s
attering the antisymmetri
 part ofthe dynami
al sus
eptibility in non-
entrosymmetri
 MnSi is determined.The paramagneti
 �u
tuations are found to be in
ommensurate with the
hemi
al latti
e and to have a 
hiral 
hara
ter. We show that antisymmetri
intera
tions must be taken into a

ount to properly des
ribe the 
riti
aldynami
s in MnSi above the Curie temperature. The inelasti
 neutrondata is interpreted within the framework of the SCR-theory, taking intoa

ount the Dzyaloshinskii�Moriya intera
tion.PACS numbers: 75.25.+z, 71.70.Ej, 71.20.Lp1. Introdu
tionOrdered states with heli
al arrangement of the magneti
 moments aredes
ribed by a 
hiral order parameter ~C = ~S1 � ~S2, whi
h yields the left-or right-handed rotation of neighboring spins along the pit
h of the helix.The dete
tion of 
hiral �u
tuations is, however, a di�
ult task and it is only� Presented at the International Conferen
e on Strongly Correlated Ele
tron Systems,(SCES02), Cra
ow, Poland, July 10�13, 2002.(1557)



1558 B. Roessli et al.re
ently that 
hiral �u
tuations 
ould be observed in triangular antiferro-magnets with polarized-neutron s
attering when an external magneti
 �eldis applied [1, 2℄.The metalli
 
ompound MnSi 
rystallizes in the 
ubi
 spa
e group P213that la
ks a 
enter of symmetry. The Curie temperature is TC = 29:5 K.Below TC the magneti
 moments build a ferromagneti
 spiral along the [1 1 1℄dire
tion with a period of approximately 180 Å. The spontaneous magneti
moment of Mn is � ' 0:4�B that is strongly redu
ed from the free ionvalue of 2:5�B. The four Mn atoms are pla
ed at the positions (u; u; u),(12+u; 12�u;�u), (12�u; 12+u;�u), (12+u;�u; 12�u). Being a prototype ofa weak itinerant ferromagnet, the magneti
 �u
tuations in MnSi have beeninvestigated in detail by means of polarized [3℄ and unpolarized neutrons
attering [4℄. 2. ExperimentalWe investigated the paramagneti
 �u
tuations in a single 
rystal of MnSion the triple-axis spe
trometer TASP at the neutron spallation sour
e SINQ.The spe
trometer was operated in the 
onstant �nal energy mode with aneutron wave ve
tor ~kf=1.97 Å�1. In order to suppress 
ontamination byhigher order neutrons a pyrolyti
-graphite �lter was installed in the s
atteredbeam. To polarize the in
ident neutron beam a remanent FeCoV/TiN-typebender was inserted after the mono
hromator. The advantage of su
h adevi
e is that to reverse the spin of the neutron no spin �ipper is ne
essarythanks to the remanent magnetization of the super-mirror 
oatings of thebenders [5℄. The polarization of the neutron beam was maintained alongthe neutron path by a guide �eld Bg=10G that de�nes the polarizationof the neutrons ~P0 with respe
t to the s
attering ve
tor ~Q. We did notanalyze the polarization of the s
attered neutrons during the 
ourse of theseexperiments. The sample was mounted in a standard 4He orange-
ryostat ofILL-type with the [1 0 0℄ and [0 1 1℄ 
rystallographi
 in the s
attering plane.The measurements were performed around the (0 1 1) Bragg re�e
tion inthe paramagneti
 phase. 3. ResultsA typi
al 
onstant-energy s
an at ~!=0.5 meV and T = 35 K usinga polarized beam as des
ribed above is shown in Fig. 1. In a �rst stepwe 
hose the polarization of the neutron beam along the s
attering ve
tor~Q, repeated the measurements with the polarization aligned along � ~Q andthen 
al
ulated the di�eren
e between the two sets of measurements. It isobvious from Fig. 1 that the inelasti
 s
attering is polarization dependent.



Chiral Flu
tuations in MnSi Above the Curie Temperature . . . 1559Of parti
ular importan
e, we �nd that the neutron peaks appear at positionsin
ommensurate with respe
t to the 
hemi
al latti
e, namely at ~Q = ~� � ~Æ(~� is a re
ipro
al latti
e ve
tor).In order to dis
uss our results we start with the general expression forthe 
ross-se
tion of magneti
 s
attering with polarized neutronsd2�d
d! �X�;� (Æ�;�Q̂�Q̂�)A��( ~Q; !)+X�;� ( ~̂Q� ~Pi)X
 "�;�;
Q̂
B��( ~Q; !) ; (1)where ( ~Q; !) are the momentum and energy-transfers from the neutron tothe sample, ~̂Q = ~Q=jQ̂j, and �; �; 
 indi
ate Cartesian 
oordinates. The�rst term in Eq. (1) is independent of the polarization of the in
identneutrons, while the se
ond is polarization dependent through the fa
tor( ~̂Q � ~Pi). ~Pi denotes the dire
tion of the neutron polarization and its s
alaris equal to 1 when the beam is fully polarized. It 
an be shown [6℄ thatA�� and B�� are the symmetri
 and antisymmetri
 part of the s
atter-ing fun
tion S��, that is A�� = 12(S�� + S��) and B�� = 12 (S�� � S��).S�� are the Fourier transforms of the spin 
orrelation fun
tion hs�l s�l0i,S��( ~Q; !) = 12�N R1�1 dte�i!tPll0 ei ~Q( ~Xl� ~Xl0 )hs�l s�l0(t)i. The ve
tors ~Xl des-ignate the positions of the s
attering 
enters in the latti
e. A

ordingly, a�nite 
ontribution to the antisymmetri
 part of the wave-ve
tor dependentdynami
al sus
eptibility has been measured in MnSi in the paramagneti
phase. 4. Dis
ussion and 
on
lusionIn a similar way as for insulators with lo
alized spin densities, we inter-pret the antisymmetri
 intera
tion observed in MnSi as originating from thespin-orbit 
oupling in the absen
e of an inversion 
enter. In that 
ase, thepolarization dependent part of the neutron 
ross-se
tion is given by� d2�d
d!�� � ( ~D � ~̂Q)( ~̂Q � ~Pi)Im(�?(~q � ~Æ; !)� �?(~q + ~Æ; !))2D : (2)The transverse sus
eptibilities in Eq. (2) for itinerant magnets as given byself-
onsistent re-normalization theory (SCR) are [8℄�?(~q � ~Æ; !) = �?(~q � ~Æ)1� i!=�~q�~Æ : (3)~Æ is the ordering wave ve
tor, �?(~q�~Æ) = �?(~�Æ)=(1+q2=�2Æ) the stati
 sus-
eptibility, and �Æ the inverse 
orrelation length. For itinerant ferromagnets



1560 B. Roessli et al.the damping of the spin �u
tuations is given by �~q�~Æ = uq(q2 + �2Æ) withu = u(~Æ) re�e
ting the damping of the spin �u
tuations. Here, ~q designatesthe redu
ed momentum transfer with respe
t to the nearest magneti
 Braggpeak at ~��~Æ. The solid line of Fig. 1 shows 
al
ulations of (d2�=(d
d!))� asde�ned above whi
h des
ribes the inelasti
 polarized neutron data well with�0 = 0:12 Å�1 and u = 27 meVÅ3 [9℄. In 
on
lusion, we have shown thatin MnSi the axial intera
tion leading to the polarized part of the neutron
ross-se
tion 
an been identi�ed as originating from the DM-intera
tion.
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Fig. 1. Polarization dependent part of the dynami
al sus
eptibility measured inMnSi at T = 35 K and ~!=0.5 meV. The line is a �t to the data.REFERENCES[1℄ S.V. Maleyev, Phys. Rev. Lett. 75, 4682 (1995).[2℄ V.P. Plakhty et al., Europhys. Lett. 48, 215 (1999).[3℄ S. Tixier et al., Physi
a B 241-243, 613, (1998).[4℄ E.g. Y. Ishikawa et al., Phys. Rev. B31, 5884 (1985).[5℄ P. Böni et al., Physi
a B 267-268, 320 (1999).[6℄ S.W. Lovesey, E. Bal
ar, Physi
a B 267-268, 221 (1999).[7℄ D.N. Aristov, S.V. Maleyev, Phys. Rev. B62 R751 (2000).[8℄ T. Moriya, in Spin Flu
tuations in Itinerant Ele
tron Magnetism, Springer-Verlag, Berlin Heidelberg New York-Tokyo 1985, vol.56.[9℄ B. Roessli, P. Böni, W.E. Fis
her, Y. Endoh, Phys. Rev. Lett. 88, 237204-1(2002).


