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We compute the chiral critical exponents for the chiral transition in frustrated two- and three-component spin
systems with noncollinear order, such as stacked triangular antiferroma@¥s For this purpose, we
calculate and analyze the six-loop field-theoretical expansion of the renormalization-group function associated
with the chiral operator. The results are in satisfactory agreement with those obtained in the recent experiment
on theXY STA CsMnBg, reported by V. P. Plakhtyet al., Phys. Rev. Lett85, 3942(2000], providing further
support for the continuous nature of the chiral transition.
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The critical behavior of frustrated spin systems with non- Many experiments are consistent with a second-order
collinear order is still a controversial issue, field-theoreticalphase transition belonging to a néghiral) universality class
(FT) methods, Monte CarlgMC) simulations, and experi- (see, e.g., Refs. 5 and 6 for reviewEurther experimental
ments providing contradictory results in many cases. Atevidence in favor of a chiral continuous transition has been
present there is no agreement on the nature of the phasecently reported in Ref. 2, showing the simultaneous occur-
transition, and in particular on the existence of a new chiratence of spin and chiral order in th€Y stacked triangular
universality class. See, e.g., Refs. 2-4 and Refs. 5-7 forantiferromagnetSTA) CsMnB&,.
reviews. On the theoretical side the issue has been controversial.

In magnets noncollinear order is due to frustration thatMC simulationS~*° (see Refs. 6 and 7 for reviepsave not
may arise either because of the special geometry of the labeen conclusive in setting the question. Simulations of STAs
tice, or from the competition of different kinds of interac- are consistent with continuous transitions, but with critical
tions. Typical examples of systems of the first type are two-exponents that are not in a satisfactory quantitative agree-
and three-component antiferromagnets on stacked triangulanent. In Ref. 11 the results for the€Y STA are interpreted as
lattices® Their behavior at the chiral transition may be mod-an evidence for mean-field tricritical behavior. Moreover,
eled by a short-ranged Hamiltonian fd-component spin  MC investigation®® of special lattice spin systems, that
variables§={Si}, defined on a stacked triangular lattice as should belong to the chiral universality class on the basis of

their symmetry, show clearly a first-order transition.
_ ~ _ R In a recent papétthe issue has been studied by a continu-
Hea=—J 2, S(v)-S(w)—J3" >, S(v)-S(w), (1) ous renormalization-groufRG) approachsee also Refs. 16

vWoxy (ow), and 17. The results favor a first-order transition, since no

evidence of stable fixed points is found. According to this
first-order transition picture, the apparent continuous critical
phenomena observed in experiments are interpreted as first-
drder transitions, weak enough to effectively appear as
B‘econd—order ones. Note, however, that the practical imple-

where J<O0, the first sum is over nearest-neighbor pairs
within triangular layers, and the second one is over orthogo
nal interlayer nearest neighbors. Frustration due to the co
petition of interactions is realized in helimagnets.

In these models frustration is partially released by mutua
spin canting and the degeneracy of the ground state is limite,
to global O(N) spin rotations and reflections. At criticality b
one expects a breakdown of the symmetry fronND(n the
high-temperature phase to ®{2) in the low-temperature
phase, implying a matrixlike order parameter. In particular
the ground state of th¥Y systems shows the 120° structure
of Fig. 1, and it isZ, chirally degenerate according to
whether the noncollinear spin configuration is right- or left-
handed. The chiral degrees of freedom are related to the local
quantity

entation of this method requires an approximation and/or
uncations of the effective action. So these studies may not
e conclusive.

FT studies of systems with noncollinear order are based
on the Landau-Ginzburg-Wilson @] xO(2)-symmetric
‘Hamiltoniart®

Cijx 2 S(v)S(W)—S(w)S(v), 2)
(vw)e A
where the summation runs over the three bonds of the given
triangle. The definition oCj; can be straightforwardly gen- FIG. 1. The ground-state configuration of thié¥ spins on a
eralized to the case df-component spins. triangle coupled antiferromagnetically.
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wheret is the reduced temperaturk= 8+ v, and ¢ is the
chiral crossover exponent. Then, differentiating with respect
to h,, one may obtain the RG relations

Bc=3v—¢e, Yc=2¢.—3v, (5

where the exponentg. and y. describe respectively the
critical behavior of the average chirality and of the chiral
susceptibility.

Experimental estimates of the chiral exponefitsand 3.,
have been recently reported in Ref. 2 for the transition of the
XY STA CsMnBkg:

¢c=1.287), PB.=0.442), (6

measured respectively in the high- and low-temperature
. ) . phase. On the theoretical side, there are a few MC results for
FIG. 2. RG flow in the quartic couplingsu(v) plane forN  the STA spin modell), and very little from field-theoretical
=2,3. It shows the stable chiral fixed point denoted@yand the approaches. The chiral exponents have been only computed
unstable antichiral ), O(2N) HeisenbergH) and GaussiariG) to O(LN) and Of) in the corresponding expansion
ones. frameworks! However, these results do not allow a quanti-
tative comparison, essentially for two reasons: because the
s |1 P T - 2 series are too short and, most importantly, as discussed in
HIJ d°x 52 [(9u¢a)"+T 2]+ Z7Uo > ¢a) Ref. 19, the chiral fixed point for th&XY and Heisenberg
2 ' 2 cases is not analytically connected with the one found in the
1 T largeN and smalle region. In order to obtain results that can
+ﬂvo§ [(da- db)°— dadi] (3 be compared with experiments, one should compute them
’ directly for d=3 and for the number of components of in-
terest, i.e.N=2,3.
where ¢,={¢,}, 1<a<2 and I<i<N, are two sets of _ In this paper we compute the chiral exponents using the
N-component vectors. Frustrately and Heisenberg spin fixed-dimension FT approach, by computing and analyzing
systems with noncollinear ordering, such as STAs, are deth€ six-loop perturbative expansion of the chiral RG func-
scribed respectively by thl=2 andN=3 case withv, tons. In the fixed-dimension FT approach one performs an
>0. The presence of a stable chiral fixed point, conjecture@XPansion in powers of appropriately defined zero-

by Kawamura,® has been recently confirmed by the analysisTomentum quartic couplingsee, e.g., Ref. 7 and references
of the perturbative six-loop series in the framework of thetherein. In order to obtain estimates of the universal critical

fixed-dimension expansidh8 As sketched in Fig. 2, a stable quantities, the per'turbativ.e series are resummeq and then
chiral fixed pointC appears for bottXY and Heisenberg evaluatt_ad at fthe flxed-po!nt values of the_: couplings. The
cases. The critical exponents characterizing the stable chirgPmparison with the experimental resuls will represent a
fixed point turn out to be in satisfactory agreement with ex-highly nontrivial check of the I_:T description of the transition
periments. Note that in this RG picture first-order transitions2nd of the Kawamura's conjecture that these systems un-
are still possible for systems that are outside the attractiod€rg0 continuous transitions belonging to distinct chiral uni-
domain of the chiral fixed point. In this case, the RG flow Versality classes. _ N o
runs away to a first-order transition. This may explain some N order to compute the universal quantities characterizing
experimentsfor example those for the CsCuGtompound, the critical behavior in the hlgh—temperat_u.re phase, one in-
see, e.g., Refs. 5 and @nd MC studies for special lattice troduces a set of zero-momentum conditions for tose-
systems® where first-order transitions are observed. parthle irreduciblg two-point anq foqr—pomt correlation
Beside the conventional critical exponers y, v, etc., functions(see, e.g., Ref. 7_for detajlswvhich relate the zero-
related to the standard spin order, one may consider addffomentum quartic couplingsandv and the mass scata
tional critical exponents related to the behavior of the chiraf® the corresponding Hamiltonian parametegs v, andr.
degrees of freedom. If spin and chiral order occur simulta!n Particular,
neously, one expects,= v wherew, is the exponent associ-
ated with the correlation length defined from the chiral cor- I{i(p) = 8apd; Z5 [MP+ p?+O(ph)]. (7)
relation function. Introducing a chiral external field, » . ) )
coupled with the chiralityC,,, one may write the singular In addition, one defines the functidfy through the relation
part of the free energy &s I{2i(0)= 8,8 Z; *, whereI' 2 is the (one-particle irre-
ducible two-point function with an insertion of ¢?. The
fixed points of the theory are given by the common zerbs
Faing=t? *f(h/t4 he/t%e), (4  v* of the B functions
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au ) very lengthy expression of the six-loop expansion of
Bulup)=m——,  B,(uv)=m——, (8 5:(u,v), details of its calculation, and its analysis will be
reported elsewhere.
calculated keepingl, andv fixed. The critical behavior is The results of our analysis are
determined by the stable fixed point of the theory. The analy-
sis of the six-loop expansion of thé-functions provides a bc.=1.434) for XY, (15
rather robust evidence of the existence of a stable fixed
point* as shown in Fig. 2. The critical exponenjsand v are ¢.=1.2714) for Heisenberg. (16)

then derived by evaluating the RG functions The errors are indicative of the spread of the results yielded

aInz, by the analysis when changing the resummation parameters

)] and varying the location of the chiral fixed point within the
range reported in Ref. 4. Using the RG relatidgGsand the

at the chiral fixed point*, v*. The resulting exponents are estimates ofv,* one may also derive corresponding results

v=0.573), »=0.091), y=1.13(5) for theXY case, and for the other chiral exponents, obtaining for example

v=0.553), »=0.1Q1), y=1.06(5) for the Heisenberg

dlnz,
ng(Uv) = ——"

[?lan ﬂt(uyv)

:&Inm

case’® which are in substantial agreement with the experi- B.=0.2810) for XY, 17
mental results.

In order to evaluate the chiral exponents, we consider the B.=0.3410) for Heisenberg. (19
operator

We may compare these results with the experimental ones
Cea i (X) = dei(X) dai(X) — dei(X) daid(X), (10) (6). Ou_r estimate_ofﬁc is som_ewhat higher t_han the estimate
) o ) (6) while the estimate of3; is correspondingly somewhat
and define a related renormalization functidp from the  |ower. In any case, the difference is of the order of one com-
one-particle irreducible two-point functidi(®? with an in-  pined error bar. We may also compare our results to the
sertion of the operatd€cq, i-€., available MC estimaté for the XY STA spin model, that
T(C2(0). 0 p g =22 1T B (11) are B.=0.452), y.=0.715), ¢.=1.22(6) from Ref. 9,
aibjicdkl™ e Tabedijkl > and 8.=0.392), y.=0.909), ¢.=1.28(10) from Ref. 11
where (in this work a mean-field tricritical behavior is conjectured
for the transition. These results are close to the experimental
Tabcdijk = (OacObd~ 8addbe) (6ikdji — 6 Oj),  (12) ones and thus show the same deviations with respect to our
so thatZ.(0,0)=1. Then, we compute the RG function FT results. _
For N=3 we can compare our results with the MC ones
anzZ,  dlnzZ, alnZ, for the three-component STA spin mod2lthat are 3,
=Ziam P B, 3 =0554), 4.=0.728), ¢,=1.27(9) from Ref. 9 angB,
) ) =0.50(2) y.=0.82(4) andp.=1.32(5) from Ref. 12. The
and its valuezn. at u=u*, v=v*, whereu*, v* is the  FT estimate of¢, is in perfect agreement with the MC re-
position of the stable chiral fixed poifitFinally, the RG  syits, while the estimate g8, is somewhat lower, although
scaling relation compatible within error bars. Apparently, this is due to the
fact that our estimate aof is somewhat lower—but nonethe-

ﬂc(uvv)

b= (24 7= M)V (14 less in substantial agreement within error bars—than those
allows us to determine, . obtained in MC simulations.
We computed(¢?(0) to six loops. The calculation is  In conclusion, the FT results are in satisfactory agreement

rather cumbersome, since it requires the evaluation of 56@ith the experimental and MC estimates. This is a nontrivial
Feynman diagrams. We handled it with a symbolic manipu<check of the FT approach, shows its predictive power in spite
lation program, which generates the diagrams and computed the fact that the perturbative series are not Borel
the symmetry and group factors of each of them. We used theummable—still we take into account the leading diverging
numerical results compiled in Ref. 21 for the integrals assobehavior, see Ref. 4—and strengthens the evidence for the
ciated with each diagram. The resummation of the series wagontinuous nature of the chiral transition X and Heisen-
performed using the method outlined in Refs. 22 and 4. Théerg STAS.
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