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Magnetic properties and energetic spectrum of high — temperature superconductors (HTSC) with structure La2CuQO4 are considered. The

value of critic field strength is obtained.

A number of high-temperature superconductors (HTSC)
are magnet-ordered crystals [1-13]. Magnetic properties of
such crystals can play an important role pairing mechanism
[2,4-8]. Therefore investigations of HTSC properties are of
certain interest. Antiferromagnetic HTSC with La,CuO,
structure are subject of our invert. La,CuOQ, is the ancestor of
metal-oxide HTSC series and quasi-two-dimensional four-
sublattice antiferromagnetic.

A number of papers are dedicated to theoretical investi-
gation of given problem (1-3, 9-12). In (1-3, 9) there have
been considered homogenous case (& =0, k= wave vector).

In (9-12) case k #0 is treated but dispersion of magnonl

spectrum is treated in the absence of external magnetic field.
In (11) La,CuO, is given as two-sublattice system but such
model can’t adequately describe the pattern of magnetic
properties of four- sublattice system as La,CuQ;.

This paper deals with energy spectrum, thermodynamic
and high-frequency properties of antiferromagnetic HTSC
with La,CuQ, structure by method of Green function at

(IZ # 0 and H# 0 (H- external constant magnetic field).

Quantum-mechanical Hamiltonian of system in question is
chosen as:

Hy = J, 3 (S Surs + Sy Sy )+ S S |+

m;m'

I, 7: (SaSs + S0y S, )+ S,S. -

mlr

where J;>0 and J, - parameters of exchange interaction in-
side and between the layers, respectively (J,>> }J 2! due to

La,CuQ, has quasi-two-dimensional magnetic structure as it
is mentioned) d — Dzyaloshinsky parameter giving rise de-
viation of spins from layer plain on angle &, S — spin opera-
tor;n7;, 7. are characterized anisotropy of exchange pa-
rameters (0<7;, 17,S1), H-external constant magnetic field in
units of gy, (g-factor Lande, z,-Bors magneton), indexes m,
m' refer to one layer, and indexes m, r- to different layers.
As it shown from figure, (m, m”)=(1,2), (3.4); (m,r)=(1,3),
(1,4), (2,3), (2,4). For spin pairs (1,3) and (2,4)- J>0, but for
spin pairs (1,4) and (2,3) J,<0.

In intrinsic coordinate system of sublattices (15), gamil-
tonian (1), expressed as bose — operators appears as:

H= z":H,, 0)
n=0

where H,- value of n — order with respect to bose — operators.
According to requirements of main state H,=0, terues H; and
H, play a role in kinetics and we don’t consider them here. |
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Fig. Magnetic structure of the crystal La,CO,

Hy- Hamiltonian of main state and such that oH,/c6 =0 for
equilibrium value of angle &we have:

d
J,(I+n,)+2J,

It is shown from (3) — that =0 at d=0 and magnetic field H
don’t appear in this expression. So at H||y magnetic field
does not influence on main state. Frequencies of spin waves
appears as:
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w,, (k)= {(r+2a,)(r _28)+ k£ 20 (T +a, + B,V + B[ +2a,) —h’]F ©)

!

where a;=f; cos?0 (i=1,2),
As it is shown, in cases (1) and (2) there have been taken

1 2 . place two—fold degeneracy, but in case (3) — four-fold degen-
I = 3 (J1+J;2) cos“0+d sinOcos0; eracy. But in case we consider, only in one case exactly at
J~d=0 we have degeneration: ®;,=w;, @,=w, This result
B = i 7:J; (I=1,2) coincides in case (2) at H=0.
4 At 0—0 one can assume in future calculation
a;=f, a,=p..
: Then w;=w;, @,=w,
It’s easy to check that @, @; are the optical branches, but For magnetization of sublattice we have

w,, @;— acoustic branches.

In [12], where case H=0 is considered, it was established, z 1
that: <S>= 5~ ¢(0) - (P(T) ()
(1) —at J=0, d=0 w=w,, ;=w0, takes place
(2) —at J#0, &=0 w;=0;, ©,=w, takes place In (6)
(3) —at J=a=0 w,=w,=w;=w, takes place

|

: 22\ g2
o0) ]Z[_1+ r +1“(r ) 8(12(1“+2a,)} o

TN T 0, + o, w,0,, +o,)

describes magnetization deviation from saturation at T=0 at
the expense of zero oscillations in system (quantum spin re-
duction), and

2N % | 0] -} @, w,

[ 3 2 _ _ E 2k_ _
gD(T)= 1 Z{ 1 I:a)l tw, —H@;,—H f(a)l)_wz +Fa)2 H@; — H, f(wz)]} 8)
k

magnetization deviation at the expense of thermal oscillations ] r [ rRE?-R¥?
of spin (magnons) at T#0, <S%s==- (0(0) -— 3 43 = /A ()
27 | R R.R)

= I —da?;p, =T —4a?)-8a} (I +2a,)
if (RyR3)1/2<<T<<Ty At T<<(R;R3)’/? both branches
give exponentially small corrections.

flo)= [exp(% - 1)]_ ., (ke=1) In (9)

At low temperatures 1

1 .
R;=J1(0) 1+J2(0) n2; Re=[J1(0) N1-2J2 (0)nz1; R5=7’2‘ [J1(0) n1+2J2(0) 2]

In the neighborhood Ty (T< YTN) at H=0 I
(10)
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where F=— Z—————i , but
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Z(F +a ~
w/ wz
3 Jl
Neel temperature. At T;~10° K} T =~ —— | we have
Kp
Tw270K.
Magnetic heat capacity, is defined in the following way: |
172[ prs2 B 7/2
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ir 2 Y Y
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+ | e T 42— T [T
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if T<< (R;R3) /3. In (9), (12) and (13) P,= (R;Rs-R,d)*/?,
Py=(dRy) %, y1= (RiR4~R2R3) /%, y2= (RiRs=Rad) 7%

The dependences (14) and (15) agree to the experimental
data on heat capacity investigations [9].
Transversal (dynamical) magnet susceptibility is the follow-
ing:

XJL_(kJUJ)= 4au

(14) describes resonance behavior of system La,CuO;,.
Having expanded w in terms of k at low temperatures
and integrating (14) we can show that y;~T, which accords
with the results of paper [9].
We note, that as the external magnetic field is increasing (at a
certain value of this field). First the spins change from anti-
parallel state into the state of spin-flop phase and make an
angle ¢ (0<@<2r) and then they come together. These val-
ues of the magnetic field are called critical and determined
when the acoustic branch is ignored (in our case it is @;) at
k=0.
So we have

K1 = \/(F—Zal)z "16a22

LW+ T -, w-,
(o - )

(14)

(15)

2 wle” Tk dk
Ty T
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NV 1 1 1
Cm=(7[2)R13"'2(R43"2+R53 2]T3 (12)
it (R,R,) % <<T<<T,
Bt 5'2 il 5/2 Rr)
22 T 743 e T+ T T2
}'/ Y2
(13)

is the critical field, corresponding to the change from the par-
allel state of spins into the spin-flop-phase and

hxs =I'+2a; - is the critical field, corresponding to the
change from spin-flop-phase into the state of parallel spins.

Results

1. Unlike paper [11], where La,CuQ, is considered as two-
sublattice system in the present paper La,CO, is considered
‘as four-sublattice anti ferromagnetic system, which is taken
place.

2. It was established that if the external magnetic field is per-
pendicular to the direction S,, it doesn't influence on the ba-
sic state.

3. Considering the external magnetic field results in taking
off degeneracy in the energetic spectrum of spin excitations
of anti ferromagnetic HTSC La,CuQ,. Just in one case, par-
ticularly when J,<<J;, J<<Jj, the following degeneracy
w,=m3, W=, is true one. This result coincides with the case
of the work 2] at H=0.

4. For the first time there have been obtained the expression
for critical fields in anti ferromagnetic crystal La,CuQO,.
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YUKSSK TEMPERATURLU iFRAT KECIRICILORIN MAQNIT XASSOLORINS DAIR

Yiiksok temperaturlu antiferromaqpnit ifrat kegiricilorin maqnit xasseleri va enerji spektri toqdim edilmisdir. La,CuQj tipli kristal-
lara baxilmisdir. Kritik saha garginliyinin faza serhaddine uygun olan giymatleri ahnmigdur.

M.B. I'yceiinoB, A.M. Cyneiimanos, K.M. Cyaranos, B.C. Tarues

K TEOPH MATHHUTHBIX CBOYICTB BBICOKOTEMITEPATYPHBIX CBEPXITPOBOJJHHUKOB
Pan BTCII sBnsiotcs MarHHTOYNOPAROYEHHBIMH KpHeTainaMu. O0beKTaMH HCCNEIoBaHHS JaHHO#H paGoTH SBASIOTCA aHTH(EppOMar-
nurHsie BTCIT co ctpyxrypoit La,CuO,. TTonyuen cnexTp Bo36yXACHKA CIMHOBBIX BONH HCCAEAOBAH B Pa3HBIX CIIy4asX MarHUTHOTO MO,

TMonyueHo 3HaYeHHe KPUTHYECKOrO 110111, COOTBETCTBYIoLIEH (asoBo#t rpaHuie.
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