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FRUSTRATION IN AMORPHOUS MAGNETIC SYSTEMS?)

S. KOBE?), Dresden

DPYCTPALIMISL B AMOP®HBIX MATHUTHEIX CHCTEMAX

B pa6ore gaercs 0630p sSBEHHI B aMOpPDHBIX CHHHOBRIX CTEKNaX, KOTOpbie nogpas-

BEISHOTCA Ha CHCTEMBI C HM3KOH NO:E&:.—.UNEEOE_ BBICOKO# ROI:OE.JUNEEOS H CHCTEMBI,

L. SPIN GLASS PHENOMENA IN AMORPHOUS
MAGNETIC SYSTEMS

(Mn, Cr, ...) or the magnetic constituents interact long-ranged with alternating sign
(e. g. the RKKY type of interaction) and are sufficiently diluted. The Jast situation
resembles that in crystalline “canonical” spin glasses (e. 8. AuFe). A combination
of both effects, antiferromagnetic interacting atoms and dilution, should be taken
into consideration, too.

'} Contribution presented at the 7th Conference on Magnetism, Kogice, June 5—8, 1984.
%) Technische Universitit Dresden, Sektion Physik, Mommsenstrasse 13, 8027 DRESDEN, GDR.
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€. g., (i) a sharp cusp in the ac susceptibility for very low fields at a “freezing”
temperature T; (Fig. 1), (ii) no anomaly of the specific heat at T, (iii) field cooling
effects and time relaxation phenomena below T;, (iv) extreme field sensitivity of
both the shape and the temperature of the susceptibility maximum.

ol

Fig. 1. %o/ omax vs. Tior (Feo.osNio 9s)1:Si10B 1. Foma
TIK — maximum of the ac susceptibility (after [1}]).

Tab. 1 gives a survey on various series of amorphous spin glasses, for further
information see also [53, 54]. More details are given in recent review papers by
Durand [55] and Rhyne [56].

II. REENTRANT BEHAVIOUR

Recently, the second group in Tab. 1, which concerns substances with concentra-
tions of the magnetic atoms around the percolation region, has been investigated by
many authors. A strange “reentrant” behaviour has been found: In Fig. 2 the dc
magnetization M of Aﬂwuzq__lvdwawa}r for x=0.65in a very low applied mo_.m
(0.1 mT) is shown [26]. With decreasing temperature M rises at the Curie
temperature (To=~105 K). However, at a lower temperature (T;~52 K) the
magnetization falls again to zero. It appers that the system reenters a magnetic state
with no long-range order. Both temperatures are very sensitive to applied fields
with T, increasing with H and 1; decreasing as H increases,

Investigations into different concentrations x have suggested a phase diagram
which has the same characteristics for all alloys in this group. An example is given
in Fig. 3 for %92r:bdﬁ;?>r [17, 18]. The nature of the different
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Table 1

Amorphous spin glass system

system example reference

I. Diluted systems

H‘,Ollmw&[m_ Qnﬂluv Qvuommna lelm _
(Fe—Pd),,Si,s [6-—8]
OO,mvn_llm_ AOO'M. mvmommg HMIIA._
Fe—Ni—P—B (Fe—Ni)soP,,B, [9]
(Fe—Ni),,P,,B, [9—-11)
(Fe—Ni)soP,.B, [11—12]
~um....zm;,.»mv:.w_: :m:
Mn-—Ni—P-—B (Mn—Ni),,P, B, {14]
La—Gd—Au (La—Gd)s,Au,, [15]
II. Systems around the percolation region
m‘:S’,;\de;me B TM=Fe, TM’ =N;j {16—22}
TM=Co, TM' =N;j [18, 21]
TM=Fe, TM'=Mn [18, 21—28)
TM=Co, TM'=Mn [21, 29]
~ Fe—Ni—Si—B (Fe—Ni);,Si,0B,, [30]
Qumc.cuzmc.&vﬁmmsw_u :_
(Fe—Ni);,Si;B,, [31)
Fe—S8n [32]
Co—Sn [33]
HI. Concentrated systems
Mn—Me Me=S§i [34—37]
Me=C [38]
Me=Ge [36, 38, 39]
Fe—Zr Feg,Zr, o [40]
Dy—Cu [41)
Gd—Al [42—a6)
Gd—Y—A] (Gd—Y)s;Al, [47]
Ce—Au CegoAu,o T«m_
Ce—Cu Ce;,Cuy, [48]
Y—Fe [49—s51]
Fe—F FeF, [52]

explanation is given by Gabay and Toulouse [57]. They have investigated
a three-component Heisenberg spin-glass model with _.zmiq.n-nm:mma interactions.
The model is similar to a mean-field theory. It is discussed that ferromagnetism
below T, involves only one spin component. The transverse spin components
freeze into a spin glass state at 1;. The results shows that ferromagnetism and spin
glass order can coexist at ow temperatures,
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cusp at T; [1, 17], and the role of the metalloid elements, having in mind that no
spin-glass phase has so far been found in amorphous (Fe—Mn),sP,sC,, [61] or
A“@'ZSV&OWNQ M@NM

rm—m—m—— — — —_—
X
~
300 }-
3
=
x
3
200
2
100
PM
1 FM
SG
] 0
30 50 70 90 M TK 0 o1 02 03 04 «x

Fig. 2. Very low field dc magnetization of Fig. 3. Magnetic  phase diagram  for
amorphous Amoo.azsﬁmv:m.awaau Vvs. tempera- ?.?Zr;.vuw;wi»,r obtained from very low field
ture showing the rise at T,. and the lower temper- magnetization data (after [17, 18)).

ature “reentrant” transition at T, (after [26]).

Further questions concern both the crystalline and the amorphous spin glasses ;
What is the nature of the phase boundaries and the tricritical point? Does T,

. GROUND STATE PROPERTIES OF AMORPHOUS
ISING SYSTEM wiTH FRUSTRATION [64]

At present there is a large “gap” between experimental results and theoretical
explanations. The most theoretical spin glass models are far from the real physical
situation, Moreover, the difficulties to handle disorder, frustration and metastabili-
ty in a theoretical way require serious approximations and simplifications, which
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can lead to artifacts. The aim of our investigation is to obtain first impressions of
the ground state Properties for a more realistic mode] concerning the amorphous
structure, putting up with a very simple description of the magnetism in the form of
the Ising model and with the finiteness of the used system.

We start with the Ising Hamiltonian (8§=1/2)

i...N

i..N
H=— > I,SiSi— ugH > S (1)

diameter, Although this model does not fulfil all of the strict demands necessary for
a spin glass [66], it involves frustration and disorder as the basic ingredients
because of the combination of amorphous structure and antiferromagnetic interac-

TN T
i [ P
13 9 L~
04 |~ j /
12,13
» ‘ 10
9 15+ s O )
1._6"_ u 145 m
=% 3 !
e = |
02
7
45
00 _-u._ 4

Fig. 4a. Ground state (N=60) for zero field.
Fig. 4b. Energy levels of the 22 lowest states of the system of Fig. 4a. The numbers denote the flipped
spins.

The method of calculation is based on the mathematica] theory of discrete
optimization. In the past decades-a remarkable progress has been attained in this
field, connected with numerical algorithms for such standard problems as “the
travelling salesman problem”, “the Chinese postman problem”, etc.

An application of the problem to the determination of the exact ground state of
an Ising model is given first by Kobe and Hartwig [67] for amorphous systems
with antiferromagnetic interactions, next by Bieche et al, Barahona et al,,
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Angles d’Auriac and Maynard [68—71], who have investigated the + J spin
glass model.

Here, as a continuation of [67], a recursive branch-and-bound algorithm is
developed, described in detail elsewhere [72]. :

00 Fig. 5. Magnetization vs, field at zero tem-
0 1 2 3 HAZHKIN) perature ; N=30 (after {73]).

Fig. 4a shows the ground state for a system (N=60) in the zero field. By
comparison with the “term scheme” of the low-lying states in Fig. 4b highly
frustrated regions (clusters) can be recognized. The first excitation belongs to a flip
of the spin no. 1—3 because of a large , inner surface®, but already the second
excitation (spins no. 4—13 are flipped) represents such a low-lying cluster
excitation. Starting from such “valleys in the configuration space* further one-,
two-, ..., -spin excitations occur.

Fig. 5 shows the magnitization vs. field curve for a System with N=30 [73] at

resulting state Tepresents the ground state for a wide field region. It plays the role
of a »microdomain®,
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