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Chiral criticality in helimagnet Ho studied by polarized neutron scattering
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The critical exponents for the average chiraljfy=0.90(3), and thechiral susceptibility,y.=0.696), are
determined for the spin-ordering transition in helimagnet Ho. Bhés extraordinarily large and twice higher
than the predicted value for the chiral universality class, whileythés in agreement with this scenario. The
staggered magnetization critical exponent is determined togbe.381). The difference 8.—2 8
=0.137(36) suggests that chirality is a component of the order parameter independent of the staggered
magnetization. The chiral-ordering transition and theeNemperature coincide with a relative precision
of 107%.
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The order parameter of helically polarized magnetsthe debates on the chiral universality classes is the fact that
[stacked-triangular lattice antiferromagnéfd.A), helimag- the chiral exponents have been directly measured only
nets, such as rare-earth metals, Jatrcludes, along with the recently’ for a TLA CsMnBp; using the polarized neutron

ordinary spin variableég, the spin chirality scattering technique. Experimental valiekthe chiral criti-
cal exponentsB.=0.44(2) andy.=0.84(7) are in good
C=[Sr1X Skol- (1) agreement with the Monte Carlo resil{8,=0.45(2) and

v.=0.77(5) for the chiral universality class of atY-type

This is a relevant two-point variable that describes the clockTLA. Together with the fact that spin and chiral ordering
wise or anticlockwise rotation between spi, and Sg,, ~ OCCur at the same temperature, and the scaling relation
of nearest in-phase planes and is perpendicular to the wavé?2 Bct vc=2.19(9) fulfills a renormalization-group vafte _
vectork of the magnetic structure. A twofold additional de- Of 2: provides evidence that the chiral-universality scenario

is valid for theXY TLAs.
generacy Z,) changes the S@) symmetry of anXY mag- . . .
net, two types of which are mentioned above, Zg The experimental values of the conventional critical ex-

. . o ponents for the rare-earth helimagnets Ho, Dy, Th are very
X SO(2). In the case of a three-dimensio(@D)-spatial di- _scattered, with the exception of th#=0.39% The most pro-

mensionality, the universality class of the phase transition ig, J\\\~ad for thexY chiral universality class is the specific
basically determined by the numberof the spin compo- ... exponenta, which should be very high (a

nents that defines the anisotropy: easy axis Ising magnet (20_34_0_4@ in the case of Ho varies from 0.021),% to
=1), easy-plan&XY magnet (1=2), and isotropic Heisen- g 57) 11 1y scales of fluctuations in the very vicinity of

berg magnet 1{=3). The universality classe®(n) of o phase transitidh further complicate the situation. The
Wilson-Fisher are characterized by the critical exponents exponentsy and v are very different: y,=1.24(15), v,

B, v, and v for the specific heat, the order parameter, the_ 0.554), andy,=2—5, v,=1.0(3) for the inverse corre-

susceptibility, and the inverse correlation length, respec ation lengths of about 0.02 & and 0.00%0.002 A !
tively, as well as by the scaling relations and by the ratios O{espectively‘? Existing data on conventional critical expo-

amplitudes above and beloWy for the specific heat, nenis wouid fit any universality class. Measurements of the
A"/A", and the susceptibilig"/C ™. Achange of symme-  cpira) exponents could clear up the situation.

try to Z,XSO(2) gives the notion of dlffe_rent umversa.llty The B, exponent for the average chiraliC) can be
classes. Kawamutdormulated a hypothesis of new, chiral o iained from the temperature behavior of the polarization-

universality classes for th€Y and Heisenberg TLAs on the dependent part of the magnetic satellite intertithat is
basis of a symmetry analysis and Monte Carlo simulations;,,an by the second term in EQ):

Nevertheless, this conjecture is strongly debated on the basis

of Monte Carlo dataand the nonlinearr model® In any Q)= f2(Q){(SHY1+(Q-C)?]

case, the chirality influences the critical behavior modifying o

the exponentsg, B, v, andv. Besides, specific critical expo- +2(CYQ-C)(Q-Py)(n_.—ngr)}8(Q—b,—k),
nents,B., v., andv. appear for the average chirality, the @)

chiral susceptibility, and the chiral correlation length, respec- L

tively. The exponeng; is not necessarily equal to@as one  whereQ is the scattering vectof, C are unit vectorsk is
could naively expect from Eq1). (Reviews on the theoret- the satellite wave vector of a reflection with the reciprocal
ical and experimental studies of the chiral systems can bhttice vectorb,,, andn,, ng are the populations of the left-
found in Refs. 4 and 5We believe that one of the origins of and right-handed chiral domains, respectively.
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(C)=AQ=1"(Q—1H(Q)x| %, 3 12 — "
wherel! andl' are the intensities measured wity parallel ok §6 %
and antiparallel toQ, and 7=(T—Ty)/Ty is the reduced . Né ] 115
temperature. The conventional critical exponghtcan be 24t FE
determined from the first term of EQR) as z 812 £, s s 3
E=] § [ e L =
(8)3(Q=11Q+INQx 728 (@) Zol ol 12 3
< w
With a known 8., the critical exponenty, for the chiral =z =
susceptibility can be found from the chiral crossover expo- 4r 1 "
nent ¢.=pB.+v.. The latter enters the polarization-
dependent completely inelastic part of the cross section that 2r
appears due to the dynamical chiralffyC)—the interaction -
between chiral fluctuations and a field-induced magnetiza- oL . O 10
tion aboveTy .1° This cross section is given by the difference 129 130 131 132
of the energy spectra measured with the opposite neutron T (K)
beam polarization,A(e)=1"(e)+1'(€), which has been )
showr?® to have at smalk the following form: FIG. 1. Temperature dependence of the siimand the differ-
ence,A, of the peak intensities of the magnetic satelliie0 w)
A(e)=A( e/l“)[1+(e/1“)2]’2, (5) measured with the initial pplarizgtion parallel and antiparallel to t_he
momentum transfer Q. Thin solid and dotted curves show possible
whereAox 7~ %c, corrections for the diffuse critical scattering. Rocking curves for the

A crystal of holmium with a mosaicity of about 0.1° was polarization parallel and antiparallel to Q are shown in the inset by
obtained by recrystallization. A cylinder of 3 mm in diameter the open and solid circles, respectively.
and 3.5 mm long was cut off from the crystal by spark-cut o ]
erosion. The cylinder axis was oriented along foe0 1]  temperature dependence of the helix pitch, i.e., the angle
direction. To measure the average chirality one needs a noR€tween the spins in the vector proddt. But this correc-
equal domain populatiof2), which has been created, as in tion turned out to be negligible in the temperature range
Ref. 17, by the torsion deformation of about 2% around theStudied; (iii ) extinction effects, noticeable at low tempera-
cylinder axis that is collinear to thé. For this purpose, the tures and farther away from the critical point, limiting the
cylinder has been welded by electron beam to the tails of th@ccessible critical region. _ -
distortion device made of polycrystalline holmium 15 mm in  For correction(i) we can use the measured intensities
diameter. To avoid any scattering from the tails, they weredPoveTy assuming a proper ratiocC("/C~) of the critical
painted with paint on the basis of gadolinium nitrate. Thedmplitudes. The limits of the ratiG*/C ™ are 2 for the mean
crystal in the torsion device was installed in the orange cryfield approximation and about 5 for theexpansion and se-
ostat. The measurements of the Bragg intensiti¢k) and  fies (Table IIl in Ref. 18. The result® for the ratio of the
I1(k) of the first satellitep,,=0, were carried out on the Specific heat amplitude™/A~=0.51(6) is close to the
IN22 triple axis spectrometer at a thermal neutron guide ofnean field value of 0.5 for &Y system/(A different valué*
the ILL reactor. As the crystal was necessarily quite large, 8 €xplained in Ref. 19 as a consequence of the data treat-
highest available incident momentum kf=4.1 A~ was ment with a discontinuous backgroundTgf, which contra-
used to reduce extinction. The differencel ofk) and1(k) dicts renormalization-group studigsTherefore, we have
of about 3% is seen in the inset to Fig. 1. This difference that!Sed a correction wit€"/C~ =2, as shown in Fig. 1 by the
is related to the difference of left- and right-handed domaijrsolid thin curves. To check the correction influence on the
populations was less than expected, but still high enough tfnal results the calculations have been also made for the
provide sufficient statistics. C'/C™=5.

The temperature dependence of the peak intensity of a The Corresponding intenSity correction is shown in Flg 1
satellite(0 0 ) belonging tob,,= (0 0 0) has been measured by the dotted curves. The data were treated as follows: At a
in the range 128 T(K)=<132. First of all, a series of pre- temperature defined as a currentelNpoint Ty; the correc-
liminary longitudinal(w—2 6) and transverséw) scans were tions for the critical scattering were made, and the corrected
made to determine the temperature dependence of the ma@lues of the differencé(r) and sumX(r) of the peak in-
mum position, to estimate the  Mepoint and to measure the tensities were fit as lqgy) A(7)=log;o A(7)+ B:10gyo| 7 and
diffuse critical scattering abov&y . For the analysis of the 10010%(7)=10g:0%(7)+2 Blogyd7 where 7, was chosen to
final peak intensities we have considered the following sysbe 0.01. Then the entire procedure was repeated at another
tematic corrections(i) critical diffuse scattering background Tnj- The final values ofTy=130.55(2)K, B.=0.793),
underneath the Bragg reflection that is measured within ouand 28=0.671) have been chosen by the criteria of the
experimental resolution. For the difference of intensities thigesidual least squares minimungh,,=2.1 for theA(r) and
is particularly small, as compared to the sum. Note, accordy?;,=1.1 for the=(7). The results of the final iteration are
ing to Eq.(5) it should even vanish, while residuals seem toshown in Fig. 2. The transition temperature for the chirality
stem from the energy dependence for the acceptafiige; coincides withTy, the spin ordering temperature, within the
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cba abec TABLE I. Critical exponents3., B8 obtained from the data cor-
87,6 T T rected for the diffuse critical scatteringa) C*/C~ =2, (b)
C*/C~ =5, and(c) C*/C~ =2 plus extinction correction.
14|5/6
Be Ye B Bc—28
76|51
a 0.79429) 0.835) 0.3347) 0.12532)
13]4]5 b 0.88(32 0.705) 0.37298) 0.13636)
C 0.90128) 0.685) 0.38211) 0.13736)
K 6/5]4L %
2 £
1213 The extinction influence on tha, appears to be stronger
54|31 than on2, as it follows from Eq.(8) and is seen in Fig. 2.
The results are summarized in Table | together with
11]2)3 =¢s— B:, Where ¢.=1.594) 2! As seen from the table the
al3ly , , . results are not very sensitive to the corrections. Nevertheless
2 -1 we believe that the most reliable result is represented in line
log|d (c). The arguments for the mean-field approximation
FIG. 2. The log-log plot ofS andA vs ~. (a) and (b) Criical  C'/C~ =2 have been given above.
Scattering correction Witﬁ:+/C7:2 andC*/C’:S, respective|y; The eXtinCtion COI’reCtion nOticeably Changes the Critical
(c) correction for the critical scattering wite*/C~=2, for the  exponents. The final value ¢ coincides in the limits of one
extinction and temperature dependence of the helix pitch. standard deviation witl8=0.394) from a previous unpolar-

ized neutron diffractioff">® as well as with3=0.3710) for
limits of a standard deviation, i.e., a relative precision ofthe narrow and broad peak components, With0.394) in
10" “. A similar procedure was used for the critical scatteringthe bulk, B=0.436) in the thin film, found from the reso-
correction withC*/C~=5. The exponentg.=0.88(4) and  nance x-ray scattering:>*The influence of the torsion on the
24=0.742) have been obtained. In this case the chirality3 value seems to be not essential as long as it is in good
ordering temperature, 130.@3 K, slightly differs fromTy  agreement with the da¥??>~?*for the strain-free samples.
=130.68(2)K, although not statistically significant. As seen Fyrthermore, the high value @. should not be due to tor-
from Fig. 2, there is a deviation from the straight lines at thegjon since it is consistent with the high,= 8.+ 7. obtained
highest reduced temperatures, which indicates a strong €xsy the native crystal without deformatiéh.There are nei-
tinction in t_his region. The extinctio_n correction in the range ey B nor B, calculated values for the chiral universality
of T us+ed Ln_the least squares refinement as shown for thaass of theXY helimagnets such as Ho, apparently due to
[T?ggecus/i(li t_hgi t;/qgf g(;%}:t)gsfoﬂggrhtihﬁelggﬁ |ha|15 beirelzn the difficulties in including the long-range oscillating
the followir?g approximgtior’fo 9 1= [ TImax Ruderman-Kittel-Kasuya-Yosid&®KKY') interaction. There-
' fore the critical exponents are usually compared to those ob-
=11 11-12 l=l |1-12 tained for theXY TLAs.? The B exponent is essentially
P =told+xdo] 5 1=l 1x1o] 5 © higher than 8=0.25310) obtained by Monte Carlo
wherel ] and1} are the intensities unperturbed by extinction Simulatiorl or the experimental vald@ of 0.21(2) for
with the opposite polarization, ands the extinction param- CsMnBr;. Moreover, the chiral critical exponenis.
eter. Taking for the unperturbedl]' and Ay' at | 7| =1 7] max =0.901(28) is twice as large in comparison with the Monte
the values obtained by extrapolation of Jgf(r) and Carlo valué of 8.=0.45(2) andB.=0.44(2) obtained in
log;0A(7) to the 10go|Amax ONE can obtain the extinction the experimeritfor CsMnB.
parametex from the equation: Different from the situation studied in the Monte Carlo
simulation, where the ordered ground state is characterized

1 o 1 om by a small finite number of spin orientations, in Ho the spin
E(Eo +4g) E(Eo —Ap) space is continuous ixy. This difference in symmetry of the
AM= _ ) ground state could be one origin for the different critical
X X exponents and for another universality class. Apparently the
\/1+ E(EB"Jr AD) \/1+ E(ES’—A[}“) ratio of the correlation length and the interaction scale that

determines the helix pitch, or the dipolar interaction between
whereA™ is the experimental difference /.. Then at the ferromagne'uc_:ally or_dered planes_|s_|mporﬂz_§r1th|s also
any | 7| <| 7| max the extinction-frees, andA, can be found holds for comparison with CsMnBrlt is interesting that the

from the measured valud andA as chiral susceptibility exponeng.=0.685), which character-
izes the chirality fluctuations, is not too far from the corre-

S A x 6 sponding Monte Carfoand experimentflivalues for a TLA

L)z= _< 1+/1+ —> (8) CsMnBup, y.=0.77(5) andy.=0.847), respectively. The

(2*A)° 4 X2(3+A)? B exponent is in agreement witd=0.39 obtained in the
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theoretical work® where the spin-ordering transition in Ho is critical exponents3, and y.= ¢.— B¢, as well as a conven-
described by the @) universality class, but it contains no tional exponeniB are determined. ThB. is about two times
data on the3. and .. higher than for the chiral transition in a TLA CsMnBr

As has been mentioned above, the expongntis not  while they, differs little from the TLA chiral scenario value.
necessarily equal to2as one could naively expect from Eq. Apparently, the critical behavior at the spin-ordering transi-
(1). We have paid special attention to check whetjger tion represents a crossover from the mean-field toXhe
=2 . From Table | it is seen that independently of the cor-Chiral universality scenarit?’ as has been discussed above.
rection used there is a stable difference of nearly four stanIC cléar up the question on the universality class of the spin-
dard deviations, which is statistically significant. For the fi- 0'dering transition in helimagnets, a study of the chiral criti-
nal result we take lingc) in Table I: B,—2 B=0.137(36) cality in a helimagnetic insulator such as Mn@@ desirable.

' Be . X . ;

with a high reliability level. A possible explanation is that A dlfferenc_e be“{veefﬁc and 2B 1 found, which suggests
while 8 describes the critical behavior of the longitudinal that the chirality infers an additional component of the order

spin components,, 8. refers also to the correlations in the parameter independent 8f.
transverse components, which enter the thermal average of We are indebted to S. V. Maleyev for fruitful discussions
the vector productl). This difference means that the chiral- and O. P. Smirnov who found the possibility of the crystal
ity is an independent component of the order parameter. cutting and welding. We acknowledge partial support by the
In summary we have measured the polarization-dependeiRussian Foundation for Fundamental Resear¢Beant Nos.
and polarization-independent parts of the intensity of mag00-02-17273 and 00-15-96814as well as by the Russian
netic satellite from the Ho crystal under torsion in the re-Ministry of Scienceg(Contract No. 107-17-00V. P. P. thanks
duced temperature rangex40 *<7r<6x10 2. The chiral  FZ-Juich for hospitality.
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