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we observed depolarization of a beam of polarized neutronspassing through a sanple in the region of Tp as weff as "t f.. tr.Estimates explain the depolarizatiJn at r 'r, 'r* "r t"irg lue to theexistence of nagnetic fructuations (rong-wave spin wav6s), and atT << TN as being due.to the presence of-inhonog;;;o;; rnagnetizationregions such as domains

The depolarization of a bean of polarized neutrons-passing through a magnetically-orderedcrysta1 yields information on the nagn-tic f luctuations in-a systetn (long-wave fluctuations,near phase transitions, spin waves, etc.) [r]: fr" "onaition ior the "*iri"r"" of weakly-danpedspin waves in an antiferrouragnet ai r s r*'1i1"ir r*i inurr of their wave vector k in cornparisonwith the reciprocal correlation radius r i  i2lt /^,,r,u"u-i-=-id'r^r_i i i_1, '*u a is a quantityon the order of the lattice constant. In [3] ttr"tu r", introduced "-'",rtoii paraneter withrespect to k' corresponding to the fact thit-the only neutrons that enter the detector are thosescattered by spin waves with--k _ < p = p0, where p i; lh; neutron nomentum and 0 is the anslesubtended bv the detector. under ihe experirnentai conditions, when o "-o.s;' ini i ' ." i"nl"i i i"l irnitation neans that t->> 10-h, i.e., t ir" depolarizaiior, ""n be due to spin waves at leastwithin several tenths of a degree of iX. Its value is then

where R(T) is the renornalized dinensiotlteFs. spin-wave velocity I3l. At low temperatures wehave R >> l '  However, as shown in [2],-the ireiornalization_of the velocity at r n, Tp can Leadin the hydrodynarnic region to R(T) tu i: Then APIP is actually on the order of several tenths ofone per cent.

lfe have investigated l"tnF2 (single-crystals as well as large-grain polycrystais) in a^largetenperature interval using a ciystal-polarized-neutron spectrotneter with-wavalength I = 2 A.The sanples were placed in a variaule-tenperature cryostat. The tenperature riras stabil izedwi th in O.0loK.  The magnet ic  f ie ld at . the sample locat ion was tu 0.6 be.  The C axis  of  the s lnglecrystal was oriented accuratq to t 15o relative to tttu-n".rtron polariz"tlor,"vJ"lJ"'t i i  i" i1'#'and accurate to + So at C f F.

Near-Ete Neel temperature we observgd a weak depolarization, both in the single crystaland in the pol'ycrystals (regardless of thlir orientaiion). The figure shows the experinentalresults of a polycrystal 18 nm thick. f ire depolarir.t ion near Tp ! OO.C;i (Fig. a) anounts, inaccord wi th ( f ) ,  to  O.g -  leo.

what we did not exPect was neutron depolarization at T << TN and arbitrary crystal orien-tation' The value of the depolarization depends on th; iarnpre thickness. The naximun depolari-zat ion for  the porycrysta l l ine sample of  18 nun t r r ic tneis  at 'T = 4.z. i - i ;  n ,5t  (F ig.  b) .  Thefact that-the depolarization is inieepndent of trre crysiar orientation suggests the existence ofregions of inhonogeneous magnetizatioi't.. Therr-, .ccorairr! to [4], the polarization of the beanpassing through the sarryIe is deternined by the "*pr"rrfor,
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Tegperature dependence of the
pol.arization: a) near Tp,
b)  T << Tp.

where Ps and P are the polarizations of the indicent and transnitted beans, 6 is the linear
dinension of the regions, <B> is the average induction in then, d is the sauple thickness, v is
the neutron velocity, and g is the grronagnetic ratio for the neutron.

$ttt*ing Q) an ercperinentally observed depglarization n, 5%, we obtain 4n<lrp = <B> = fr7$
(Gauss) .

-lf *t. is 1;sun9d that the depolarization is due to domain walls whose dinension for l{nF2
is ' r ,19 'A [5,  6] ,  then we obta in that  M in the wal l  is  equal  to  the sublat t ice magnet izat ioni  a
value which in all probabil ity is not realistic [7]. 0n the other hand, assuning ihe existence
of regions of the ferronagnetic-donain.type, which have large dinensions (e.g., ihe donains for
NiFz are approximately 10' tines larger than for iron [9]), then we obtain for 6 n, l0 nn a value
of M't, 0.1 G in such a domain. This agrees in order of lnagnitude with the value ^, v2M0/c2 (v is
the electron velocity and Me is the subl**ticb nagnetization) of the spontaneous nonent due to
the relativistic interactions in trangltioh-ilretal f luorides [10]. Ihil value of M leads to non-
col l inear i ty  of  the sublat t ices [10] .

fitere is still no experinental proof of the existence of such a nonent in l,tnF2, although
the presence of a frpa-rasiticrr ferronagnetic monent in the tneasurenents is indicated in tl l ].-
Its value is smaller by an approxinate factor of 100 than the value obtained fron depolirization.
This difference is probably due to the specifics of the e:rperinents. In nedtron expirinents,
the obtained value of the rnagnetization, 0.1 G, has the neaning of a local value rather than a
value averaged over the entire sanple.

The authors are grateful to S. V. Petrov for supplying the crystal and to S. V. l,taleev
and v. A. Ruban for discussions. we are indebted to A. s. Borovik-itonan6v for crit ical remarks.

t l l  S.  V.  t r ta leev and V.  A.  Ruban,  Zh.  Eksp.  Teor.  F iz .  q8,  199 ( f970)  [Sov.  phys.-JETp gl ,  l l l
(1e70)  I  .

12) B. L. Hatperin and P. C. Hohenberg, phys. Rev. LZZ, gS2 (1969)
11] B. P. Toperverg, Fiz.  Tverd. Tela !1,  39?8 ! l?7gf[Sov. Phys.-sot id State !2,  244s (1971)]- .
t{] O. Halpern and T- Holstein, phys. REv. 59, 960 (1941)
[5 ]  Y .  Y .  L i ,  Phys .  Rev .  101,  l4S0 (1956) .  

-

[ 6 ]  M .  M .  F a r z t d i n o v ,  u s p .  F i z .  N a u k  8 4 , 6 1 1  ( 1 9 6 4 )  [ s o v .  p h y s r - u s p . 7 , 8 s s  ( r 9 6 s ) ] .
t7l  V. G. Bar 'yakhtar,  A. E. Borovik,-T. A. Popov, 'and E. P. Stefanov*i i ,  h.  et ip.  reor.  Fiz.

! ! , - .12?9-(1970) [Sov. Phys.-JETP sz, zo9 (1971)] .
[8]  E. M. Li fshi tz,  A]r .  Eksp. Teor.  FIz.  l ! ,  gz (1945).
tgl  T. ! , lor iya, l , lagnet ism (N. Y.),  l ,  84 (-196I).
[10] I .  E. Dzyaloshinski i ,  Zh. EkspTTeor. Fiz.  33,.  1454 (f957) [Sov. phys.-JETp q, 1f€0 (1958)] .
[11] A. S. Borovik-Ronanov, ibid.  38, f088 (f969J-[1],  786 (1960i]

1 3 6


