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Evolution of the spin dynamics with changing the
wave number and temperature has been studied in detail
by neutron scattering technique. For higher q values
than q = 0.04, well defined magnon peaks are observed
up to certain temperature hi-gher than T", the frequ-
ency change being continuous on passing through the T".
For lower values of q, a sudden decrease of the frequency
and increase of the width are observed suggesting that
the transition is motivated by the Kosterlitz-Thoul-ess
type.

Recent magneticl) as well as neutron scattering2) measure-
ments suggest that the phase transj-tion in K2CuF4 is essentially
a Kosterlitz-Thouless(KT) type transition3) slightly modified by
Lhe 3D interaction. The observed physical quantities such as
susceptibility X , mag'netj-zation M under the symmetry breaking
field, correlation length I and the critical exponents 6 and
n in the 2D xY-like cross over regime are consistent with the
Kosterlitz theory|) with T6T = 5.5 K, whereas the observed Curie
point is Ts_; 6.25 K. The difference is explained by the 3D
interaction5) . Above features demonstrate that the static spin
correlation changes from the power 1aw decay bel-ow Tg1 to the
exponential decay above T6a. This is the most characteristic
feature of the KT transition in 2D XY system.

Another important profile of the KT transition is the uni-
versal jump in the stiffness constant at T61. The universal jump
which corresponds in superfluid system to the jump in superfluid
density has been observed in He II film by Bishop and Reppyb),
but no observation has been made on the magnetic system because
of lacking of suitable magnetic system. In principle, the stiff-
ness constant may be measured by twist5-ng the system on macrosco-
pic scale. But, as we can not expect a spontaneous magnetization,
we cannot make experiments by applying static twisting field on
this 2D system and see its response on passing through the T61,.
Moreover , for such a long wave (Macroscopic scale) , the realistic
system which is not an ideal 2D system will never show responses
as in a 2D system. Probably, the best way is to see the stiff-
ness for the transverse twist,ing, i.e. the spin wave frequency for
properly sma1l q values. If the system is ideally a 2D XY ferro-
magnet, the exchange constant J at small q thus measured wj-Il stay
a constant value up to very vicinity of T61 where it wil1 decrease
just a 1itt1e and at TKT it suddenly decreases to zero. This jump

l9



K. Hrurewl el a/.

in J is a universal_ value of3,7)

J/krKr \- t/n.
This is equi-valent to the jump of Fisher's exponent 1= kT /41fi byan amount of I/4 at T,,_

In a non-ideal_ systdm, such. as_ i_n K2C,F4, the transition pointis modifi"g by a smalr amount to highei l"frp"r.trrre by the inter-fayer coupling Jt. At the same tim6, the ailo""t of the jump willbe reduced somewhat, but a feature oi steep drop of the spin wavefreguency which can not be seen in the 
"oni".rtional phase transi-tion would be seen in K2cuF4 if the q i" .h;"en to be smalrenough in the 2D xy regime 6ut not too smal] as to enter the 3D Xyregime. The adeguate q value can roughly estimated from theHamiltonian and in fact arso anticipaf.ed- thiougn the previousexperimental study.

K2cuF4 is a good rearization of the easy prane type 2D ferro-magnet J'lJ being 6 x 10-4. But, the anisolrlpy givi_ng rise tothe easy plane_type_is only one percent of the-main HeLsenberginteraction. thus for gre-ate, vilue of q tfran _ 0.02, the systemwould behave r-ike a 2D Heisenberg system. on the other rr.rra, torsmaller varues of g than - 0.01, tr-r. system--would behave like a3D XY system. the 2D Xy regime appears in between them.
rn the forlowing, we sharl present our recent work on how thespin dynamics on passing througir the T"-.""i""" with q var_ue. Thedetails of the work wilr be pubtished Elsewheie, so that we sharlgive a brief description of 6ur results. rn Fig.r is shown thetemperature dependence of the spin wave freqrlr"y as a function ofq, where q is a wave vector in ihe directiori-ot tIO0l in the 2Dplane. The dispersion along the t0011 i= ""gfigibly small and weactually chose q. = 0.4. Experimentaliy , f;;-high", q than 0.04,there is no serious.change in frequer,.y-orr-p.ssiig thiough t^ andthe well- defined spin wave peaks are obserrr-atrte ;; i;-;;;^t"ifitemperature higher than T"- . For rower varues of q, however, asteep drop in frequency iE observed at the very "i"i"ily'"i't".For even low q values such as q ru 0.01, the frequency soft.ri.rgstarts from lower temperatures as often seen in the conventionar3D ferromagnet. -Th" most pronounced change .i t61 is seen ioig = 0.025 and 0.03. fn this region, in a5cora wiitr the sudd.ensoftening, a sudden increase in the'damping ii"o o."rr=. consequ-

9lt1y, we can not folrow the frequency Lr,aige in more detair athigher temperature. this is a fault 6t 
"r"fi a dynamical sLudywhich attempts to measure the stiffness constant through the spinwave measurement. we think, however, that this steep-aeciease orthe. frequency at T"- is again powerfur evidence for thl previousconjectureS) that Ehe trinsition is fundamentally of the Kosterritz-Thoul-ess type transition. The- 2D xy regime which is presentlyobserved appears in a srightly hiqhu. q i"gio, tr,.., we estimatedabove at Q K.

- Finallyr we shour-d note that for higrher values of q than 0.04,the dynamical response is_ ln g.pgd agreerient with the th.o.yproposed by Moussa and Vi11ai;9) .This work is supported by the division of Materials sciences,u.s. Department of Energy, under contract of DE-AC02-76cHoooI6-
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Fig. 1 Temperature change of spln wave frequency as a function
of q. The boundary between the underdamped and overdamped
regionsis shown by the broken fine.

References

tll K.Hirakawa and K. Ubukoshi: J. Phys. Soc. Jpn 50 (1981-) 1909
l2l K.Hirakawa, H.Yoshizawa and K.Ubukoshi: J. Phys. Soc. Jpn

s1 (r982)2L5t
t3l J.M.KosterLiLz and D.J.Thouless: J. Phys. C. 5(L973)1181
t4l J.M.Kosterlitz: J. Phys. C. 71L974) 1046
t5l S.Hikami and T. Tsuneto: Prog. Theor. Phys. 63 (1980) 387
t6l D.J.Bishop and J.D.Reppy: Phys. Rev. Lett. 40 (197811727
17) A.P.Young: ordering in Strongly Fluctuating Condensed Matter

System,(Plenum Press, N.Y. and Lond. L9791 p. 271
t8l K.Hirakawa: J. Appl. Phys. 53 (1982) 1893
t9l F. Moussa and J.Vi11ain: J. Phys. C. 9(L97614433

0.1

0.011
0 105l+32

2t




