
J. Phys. Soc. Jpn. 52 (1983) Suppl. p. 199-201

STUDY OF MAGNET]C SOL]TON BY NUCLEAN MAGNETIC RELAXATTON

T. Goto

Department of Physics, Co11ep5e of General
Educati.on, Kyoto University, t<yoto 606, Japan

Experimental evidences for Si.ne-Gordon soliton and.
propagative domain-boundary have been obtained. from
the nuclear spin-lattice relaxation studies for easy-
plane ferromagnet CsNiF. and fsing-like canted anti-
ferromagnet CsCoCl-'2H^4, respectively.
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Non-linear excitation (soliton) in one-dimensional magnet has recently been
one of the most interesting topics in sofid state physics. The present work is
concerned vith the nuclear spin-lattice relaxations associated. with soliton
d.ynamics in two types of one-dimensional systems; easy-plane ferromagnet
CsNiF. and Ising-like antiferromagnet CsCoC1..2HZO. The experiments were
carridd out using a coherent pulsed-NMR techf,ique in the temperature range bet-
ween f.5 K and 20 K.
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CsNiF, (Tn=z.7 K) is kno,.rn
as the besd syiitem for the study tO-
of Sine-Gord.on 2r-soliton. The
rel-axation time T- o1 133Qs mea-

._Lsured with an extErnal field Ho
(:-., tOe^12 koe) applied in t[e
easy-pIane exhibi-ted remarkable
fie1d. and temperature dependences,

two important relaxation mecha
ni-sms. Magnon contribution vas kfirst evaluated by making exact .,
numerical cafcu-l-ations for the 3
two-magnon and the three-magnon E
processes vithin the framevork of :
conventi,onal linear snin_ryv9 -.,0-

theory. The expe-imentaf data
fit vel-1 to the pred.lction of the
three-magnon process (the second-
order excharrge-enhanced process )
quantitatively as well as quali-
tatively for relatively high
fiefds and lov temperatures. Next, .^-41analysis vas attempted on a soli- '' O

ton modef such that the nuclear
relaxation i-s d.ue to collisions

0.5 I . 1.0

,/iT/T ( t<oeZn')

with one-climensional dilute soli- Fig.1. ,Elperimental values of T1/T vs.
ton gases, vhich l-ed" to a quali- r,l'-n/t'for 133C= i., CsNiF.. Solid line repre-
tative expressi.oni sents the best-fit eurie based on the s-oIi-

T]1r T-r"*p(-cfr/t). (f ; ton model - vhich is obtained by taking c=-1 ! v-!v \ 
10 .3 (koe i -,hw in the eq. (r ) i" the tJxt .

vhere H is magnetic fle1d in the
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easy-plane. Taking c to be 10.3 (koe)-\l2K resul-ted in a satisfactory fit of
the eq.(f) to the experi,mental data vhich d.eviated from the prediction of the
three-magnon process. The situation is clearly demonstrated in Fig.1, which
shows the selected experimental values of T,/T vs. ff,7T, vhere H=H^-H^, H, be-
ing the demagnetizatj,on fie1d. The soliton-moclel- is founcl to pe vXti& foi the
field and. temperature regions fike 0.3 -< fi/I S 0.6 (to")7'K-1 . M"grron-domi-
nated regions are the ones l-ike 0.6 S lE/t. Our value of c yield.s soliton acti-
vatj.on energy smal].er by about 30 /" as compared. vith the theoreti.cal va1ue,
vhich is consistent vith the resul-t for the neutron inelastic scattering erq>e-
riment.[1] A prelininary account of this vork has been reported previoustyr[2]
and details have been presented at ICM t82.[3]

Spin dynamlcs of fsing-1ike antiferromagnet is characterized by propa-
gative domain-boundary. Canted antiferromagnet CsCoCl)-2H.O IL] (f^r=:.3 K in
zero fielcl) is an-qppropriate system to study this proBlemi Previoiisly, we
have reported on IJJCs spin-l-attice rel-axation in this compound.Ir] Experi-
mental features are as fo11ovs. (See Figs.2 and 3.) for the external fielQ. H

applied para11e1 to the c-axis (nearly ising-"xis), tir...i.*"fio., r"t" tll o

inereases remarkably but rather monotonously as the temperature d.ecreases-near
to T,,. I'or H-//a-axis (chain direcfion vith a sma1l weak moment), on the other
hand| tner" "$p"r." a maximum of tlr around a certain temperature which is not
relateil to the three-dimensional oidering. fn fact, the shift of resonance
field associatecl vith the long-range ordering vas never observed below th:'-.s
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Fiqr2. Temperature depend.ences of
of ---Cs and *H in CsCoCl.'2HrO for
//c-axis. Sol-id lines reflresEnt the
best-fit curves based on the soliton
model, the eq.(Z) in the text.
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Fig.:. Temperature dependences of T]1
oi-iii;" -;J- iH in cscoct.'2lro ror )

H^//a-axis. Solid lines reflresEnt the
bEst-fit curves basecl on the soliton
mod.e1 , the eq. ( z ) in the text .

76 5 3.5

10

rcz

fi1

L(,
o

Tt:.
.ro3

10

_-1
-- 

t1
H

1H

I
a

a

Ho//a-axis

200



T. Goro

temperature. ft is also noted that the external field applieal along the a-axis
causes a phase transition to a paramagnetic phase vith critical field of 2.9kOe
at T=O K. t)+] The value of T, and the temperature corresponding to the
maximum have a trend. to j-ncrease vith increasing temperature. On the higher
temperature sid.e, the temperature d.epenclenee of T. is almost the same as that
for H^//c-axis. The relaxation mechanism vas asstmecl to be due to the longi-
tudlnEl correl-ation of the anti.ferromagnetic q=T mode which iliminishes vith
a damping constant l^-<v>/E, where f is correlation length of fsing chain (=
(1/2)exp( JJJ/kT)),an& <v> is trre mean vel-ocity of bormdaries (=el.rl /tr, e being
the exchange anisotropy). Then, r:lcler the condition that ui", (nuclear Lamour
frequency) (<I-, ve obtained

rI1 r r-1 r exp( l.rl /rr) (2)tq
By taking J/kto be 12 K, the eq.(2) fit wel1 to the data for H^ffc-axis, as
shown by the solicl Iine..,in Fig.2. As for the case H^/ /a-axis,'the tempe-
rature dependence of T.,- on the higher temperature sYde was founal to be inter-
preted 1n the same vaf, as shown by the solid ]ine in fig.3. This equation,
however, does not explain the appearance of (Ti-)rr*.

Quite recently, the appearance of such. (t.l)-o- has been observed in
impure antiferromagnetic chain (CD-),,t{},{nr, ^.,Cu-tI-"'f6] anA Ising-1ike anti-
ferromagnet Cstr'eCl..2[co | 7]. rne 3"feritE"td1 cfedtures have been interpreteil
in terms of an equdtioh;

'i' = r/( oifr * 12 ),
vhere I is the flipping rate of the antiferromagnetic domains. Then, the
appearance of (f]-) has been ascribed. to the reafization of the condition
,*lf , ,:-ttough tfie 8ffiressio., for I is different depending on ttcoherent'r (non-
iiiteracting soliton) mod.ef or "incoherent" (diffusive) model. The danping
constant used. in the,eq.(2) is essentially the same as f for coherent mode1,
and in fact, the (fr-)rn 

* in CsCoCla'2HrO seens to !-e interpreted by the eq.
(:). To confirm thts'f'3tnt, ve havE me5sured Tr of tH in this compound.
The experimentaf results are shor^m in Figqo2 and 3. As is seen, the bahaviour
of T, of -H is quite simifar to that of l"Cs. ft should. be noted, in parti-
culaf, that the temperature at which (T;-)_-__ appears does not depend on the
nuclear Lamour frequency but onl-y on tht 

"T?5"eih 
of the applied fi"fa. (Cor-

pare the curves 1o, 1336s ( Vn=5.58 pfrlz/to kOe) at 5.6 wz ana 1g ( v",=\2.3 MHz

/:-o.,t<Oe) at 57 lttrz.) Thus, tn the case of CsCoCl..zHcO, the criterton for
(T.t)_^"- seems to be due to the strength of the aipliEd field along the a-axis
o"'th8"xelectron Lamour frequency. It may be necessary to eonsider the trans-
verse correlation. Then, the presence of a veak moment along the a-dxts anC
the resuJ.ting change in correlation length causecl by the external field along
the a-axis may play some role, The ansver has not yet b'een fouad out.

fn conclusi-on, i.t has been shown that the nuclear spin-lattice relaxations
in CsNiF. and CsCoClr'2HoO provided experimnetal evidences for the solitons in
respectife cases, 5 I
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INSIDE VIEW OF KANSAI SEMINAR HOUSE (3)
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