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“Anomalous Pea . Effect” - Is it Indicative of a Generalized Fulde-Ferrell-Larkin- 
Ovchinnikov State? 

Robert Modler 

Materials Science and Technology Division, Los Alamos National Laboratory, New Mexico 87545, USA 

Dilatometric and magnetic studies on single crystals of the high-h: superconductors UPdzA13 and CeRuz reveal 
a spontaneous increase of the volume-pinning force at high magnetic fields of more than one order of magnitude. 
This “anomalous peak effect” was claimed to be a signature of a new staggered high-field superconducting 
order parameter. We will review the recent developments and discuss alternative explanations. 

1. INTRODUCTION 
In the past three years, an exotic superconduc- 

ting state has attracted much attention in connec- 
tion with clean type-I1 superconductors that possess 
a strongly Pauli-limited upper critical field HC2(T).  
The interest was initiated by first results of thermal- 
expansion and magnetostriction measurements on 
the heavy-fermion superconductor UPdZAl3 [l]: Wi- 
thin the superconducting state near the upper criti- 
cal field Hc2, distinct anomalies in the length change 
of a single crystalline sample were found that were 
interpreted as an indication of a new high-field super- 
conducting Fulde-Ferrell-Larkin-Ovchinnikov state 

The first theoretical prediction of such a new 
high-field superconducting state goes back to 1964, 
when P. Fulde and R.A. Ferrell, as well as A.I. Larkin 
and Yu.N. Ovchinnikov (FFLO) [3, 41 studied an al- 
ternative, field-induced superconducting pair state: 
When the Zeeman-energy between singlet-pairing 
electrons is sufficiently high, a modification of the 
singlet state is expected to be energetically favorable, 
which extends the stability of the superconducting 
phase to higher magnetic fields. The Cooper pair 
then transports a net moment q # 0 which causes a 
partially depaired superconducting state [3, 41. The 
energy gain of the new state with respect to a BCS 
(q=O) state is of purely magnetic origin: the depai- 
red fraction of electrons gain back their full Zeeman 
energy [5]. 

Despite the serious theoretical arguments, up to 
now, no experimental investigation has been suc- 
cessful to prove the existence of the FFLO supercon- 
ducting state. However, the aforementioned claim of 
a possible realization of the FFLO state in UPd2A13 

PI. 

has provoked controversy impacting both the deve- 
lopment of theory [6, 5, 71 and experiment [8, 91. Ad- 
ditional systems like CeRuz [lo], V3Si [9, 111, NbTi 
[12], NbSez [13, 141 and Yb3Rh4Sn13 [15] have been 
found to resemble the phenomenology of UPdzA13 
which clearly indicates that the observed phenome- 
non is of a more general type, being not only restric- 
ted to strongly Pauli-limited systems. The diverse 
type-I1 superconductors of interest all show similar, 
pinning-related anomalies near their upper critical 
field that could be best characterized as an “anoma- 
lous peak effect” (APE) i.e. a distinct maximum in 
the volume pinning force below H,z that is accompa- 
nied by a peak in the critical current density [16]. An 
interpretation in terms of a superconducting FFLO 
state [7, 8, 9, 171, however, faces severe problems 
which will be discussed here. The origin of the “an- 
omalous peak effect” in these systems, thus, remains 
unclear. 

The purpose of this paper is to review recent ex- 
perimental and theoretical developments in this field. 
The outline is as follows. Because basic conclusions 
are drawn from dilatometric experiments, we start 
with a brief description of how pinning forces affect 
dilatometric experiments. We will then summarize 
the experimental status by focusing on exemplary 
superconductors CeRuz and UPd2A13. Several phe- 
nomenological mechanisms will be considered that 
are expected to provide a “conventional” explana- 
tion for the observed peak effect and that are ba- 
sed on the dynamics of the flux-line lattice (FLL). 
A critical discussion of the generalized FFLO state 
follows, which also had been considered to give rise 
to a change in the pinning capability of fluxoids. We 
will draw some final conclusions and close with an 
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Fig. 1 Isothermal magnetization M g H  of single- 
crystalline CeRu2 for l? 11 [110]. At Hi a hysteresis loop 
opens abruptly, resembling a first-order phase transition. 
The hysteresis closes at H f ,  distinctively below H,z [8]. 
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outlook on future work. 

2. EXPERIMENTAL STATUS 
2.1. Length changes as a measure of pinning 

Usually thermodynamic properties of a clean, sin- 
gle crystalline type-I1 superconductor dominate the 
length change A1 as a function of magnetic field H 
or temperature T ,  and the sample deformation origi- 
nating from pinning forces can be neglected [18]. For 
yet unknown reasons, however, pinning near Hcz ge- 
nerally plays a dominant role in the superconductors 
described below. First, we focus on the recently de- 
veloped experimental technique of determining pin- 
ning forces by measuring the deformation of the sam- 
ple [l, 191. Magnetostriction measurements on a su- 
perconducting sample in the presence of strong pin- 
ning forces can directly reflect the sum of pinning 
forces that act on the sample. Applying a field gradi- 
ent perpendicular to a pinned vortex creates a force 
that acts on the pinning center in the direction of 
decreasing field. For an idealized sample (a cylin- 
drical crystal with a random distribution of pinning 
centers), the external field causes a symmetric defor- 
mation of the crystal (see also [19, 121). Deviations 
from cylindrical symmetry or an inhomogeneity of 
pinning centers furthermore create a resulting force 
on the sample. Since every pinned vortex contri- 
butes to the deformation/force on the sample, the 
dilatometric data give direct access to the volume- 
pinning force Fp: Assuming a linear response of the 

forces 
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Fig. 2(a) Isothermal, longitudinal magnetostriction 
A l g H  of CeRu2 with HI1 [110]. Above Hi the pinning 
of vortices leads to a deformation of the crystal that i s  
about a factor of 20 larger than for H < H i .  (b) In a 
subsequent length measurement as a function of tempe- 
rature, starting at the corresponding locations (magnetic 
fields) assigned in (a), one observes the relaxation of the 
strained crystal at a temperature (r,) just below T, as a 
result of either depinning or a softening of the vortex lat- 
tice (for a clearer comparison, the curves are shifted in 
order to coincide at the normal-state value) [8]. 

crystal lattice as well as of the experiment to the ac- 
ting forces, for a first approach one could presume: 
Fp oc AZ. The transverse deformation [19] also cau- 
ses via elastic coupling a longitudinal length change 
which can be measured with a high-resolution dila- 
tometer [I]. 
2.2. The peak effect in CeRu2 

CeRu2 is a non-magnetic intermediate-valent cu- 
bic Laves-phase superconductor (Tcr6.2K, ~ Z 1 6 ,  
&%6lA) [21, lo]. Recent research activities on 
this compound were initiated by reports of Hux- 
ley et a1. [lo] and Yagasaki et al. [22] who found an- 
omalies within the superconducting state, similar to 
those observed in UPd2Al3 (which we will describe 
in section 2.3). 

Fig. 1 shows an isothermal magnetization mea- 
surement at T=3K on a single crystalline CeRu2 
sample. One observes a fairly reversible range 
of the magnetization M for fields 0 5 H < Hi and 
a spontaneous opening of a hysteresis loop for 
Hi 5 H S H f ,  where Hf is located distinctively be- 
low Hc2. The huge hysteresis loop between Hi and 
Hf has to be attributed to immense pinning forces. 
Since the sharp starting point of the anomaly at Hi 
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Fig. 3 Isothermal, longitudinal magnetostriction data 
A l g H  for diflerent temperatures on the same CeRu2 
single crystal for Hll[llO] as used in the measurement of 
Fig. ,?(a). Here the sample is not exactly placed in the 
center of the solenoid which gives slightly d i e r e n t  forces 
on the sample and thus a diflerent shape of the Al(H) 
curves. A t  T=0.25K e: A1 for increasing field; 0: for 
decreasing field [go]. 

itself shows hysteretic behavior with respect to in- 
creasing and decreasing field, a first-order transition 
between weak and strong pinning has been postula- 
ted [SI. From the longitudinal magnetostriction data 
shown in Fig. 2(a), we realize that in the field range 
below Hi, AI is not completely reversible, obviously 
due to weak pinning forces. However, between H, 
and Hf ,  the hysteresis exceeds the previous value by 
more than one order of magnitude. While increa- 
sing field between Hi and H f ,  the sample is squeezed 
by the pinned vortices and therefore the longitudi- 
nal length increases. When decreasing the field, the 
sample is stretched transversely, resulting in a longi- 
tudinal contraction. Fig. 2(b) shows, that by starting 
a length measurement in an applied magnetic field 
as a function of temperature from the different field 
values assigned in Fig. 2(a), the "frozen-in" strain 
of the rigid FLL acting on the crystal remains until 
just below Tc. The relaxation of the sample length 
at E(H)  <T,(H) could be due to both depinning or 
melting of the vortex-lattice and is reminiscent of a 
first-order transition in the FLL [l, 231. Similar lon- 
gitudinal magnetostriction data as in Fig. 2(a) are 
shown in Fig.3. The difference between the results 
of Figs.2(a)and3 stems, in the latter case, from a 
slight off-centric position of the (same) sample (same 
direction) in the solenoid, that supposedly leads to 
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Fig. 4 H-T phase diagram of CeRuz. The superconduc- 
ting second-order phase transition Hc2(T) is determined 
by dc-susceptibility (+) and by the thermal-expansion co- 
efficient (+). The irreversible range [dark-shaded region) 
is takenfrom magnetostriction (Hi: A, Hi: V) and dc- 
magnetization data (0) as well as from measurements of 
the relaxation of the sample length a t  Z(1). For se- 
veral values (TO, Ho) the magnitude of length changes 61 
of small hysteresis loops H = HO f l k 0 e  [indicted by 
vertical bars I ), are displayed. These provide another re- 
latsve measure of the pinning forces acting on the sample 
at digerent parts of the H-T diagram. The hysteresis 
of 5A a t  (T0=5K,H0=30kBe) in the normal state of the 
sample gives an estimate of the underlying experimental 
error for this kind of investigation [8, 201. 

the more complicated shape of the magnetostriction 
curves. Nevertheless, the magnitudes of the hystere- 
sis loops still give a relative measure of the resulting 
volume-pinning force Fp, which is plotted E redu- 
ced temperature in Fig.8. We notice that the an- 
omalies are drastically increasing in size when going 
to lower temperature, approaching a factor of 100 
in comparison to the nearly reversible range below 
Hi. On the other hand, a linear decrease of the 
volume-pinning force with increasing temperature is 
observed, the main effect vanishing for t=T/Tc-+0.70 
(Fig.8). These results are further compiled in the 
phase diagram, Fig. 4 where the irreversible range is 
indicated by the dark-shaded area. When compa- 
ring this phase diagram with results of other groups, 
we note a remarkable resemblance of all these phase 
diagrams obtained on different single- and polycry- 
stalline samples [lo, 22,24,25,26,27,28]. The peak- 
effect in CeRuz seems, therefore, not to be restric- 
ted to samples with high defect concentration: For 
example, a very pure single crystal of CeRua with 
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Fig. 5(a) H-T phase diagram of UPd2 Ah as measured 
by ac-susceptibility (0 : onset/end of irreversibiZity), dc- 
magnetization (+: T,, : onset/end) [8, 91 and the iso- 
thermal magnetostriction (b) [A: onset, V: end]. (b) 
isothermal magnetostriction data in the strongly irrever- 
sible range; a background has been subtracted [2]. 

an estimated electronic mean free path l % 1340A 
(M 20 t o )  shows considerable quantum oscillations 
in a deHaas-vandlphen experiment as well as an ir- 
reversible range below Hc2 [29]. 
2.3. The peak effect in UPd2A13 

UPdZA13 is an antiferromagnetic heavy-fermion 
superconductor (T~?14.2K, TcZ2K, S 5 0 ,  toZ85A) 
[32]. The magnetic and the superconducting proper- 
ties are determined by different subsets of 5f elec- 
trons [33]. Although the magnetic order is clearly 
affected by an external magnetic field, a correlation 
between the underlying magnetic order and the pin- 
ning properties has not yet been found [l]. Figure 
5(b) displays isothermal magnetostriction data taken 
around the irreversible range Hi< H <Hf on a sin- 
gle crystalline UPdzAla sample (TCo = 1.85, H 11 c) 
[l, 21. Strongly irreversible features in A t ( H )  on in- 
creasing and decreasing the magnetic field are obser- 
ved [l, 21. The magnitude of these anomalies again 
vanish linearly with t -+ 0.70 (Fig.8). In results of 
the ac-susceptibility on the same sample (Fig. 6), the 
pinning shows up as a negative peak. Interestingly, 
this feature in xac can be observed even in very low 
magnetic fields, which reflects a higher sensitivity of 
xac compared to the dilatometric data. However, a 
qualitative change in the field dependence of the ma- 
gnitude can also be seen at H ;? 10k0e [Fig.G(c)]. 
Figure 7 compares the dilatometric to the magnetic 
data obtained on the same single crystal. From inset 
(a) follows that a softening of the FLL occurs near 
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Fig. 6 (a),(b) real part ofxac(T, H=const.) for UPd2Als 
at diflerent magnetic fields as denoted by the same sym- 
boZs in inset (c) where the peak height i s  plotted app- 
lied jield [9, 81. 

the temperature Tf, where the APE already vanishes. 
A comprehensive H-T phase diagram from these re- 
sults is displayed in Fig.5(a) [8, g]. The strongly 
irreversible range is shaded. 

3. DISCUSSION 
3.1. Phenomenological comparison 

In the previous sections, we have summarized ex- 
perimental facts on two very different superconduc- 
tors that both show a distinct peak effect. The pin- 
ning seems not just only to be related to the density 
of pinning centers, since the effect could be observed 
in any bulk sample of the here considered systems 
with a supposedly minimum requirement of a very 
diluted distribution of pinning centers. The ranges of 
strong irreversibility in the H-T diagram vary little 
between single- and polycrystals, whereas the lat- 
ter are subject to much larger defect concentrations 
that should severely modify the pinning properties. 
The magnitudes of the anomalies in both compounds 
scale in the same way suggesting that the same un- 
derlying mechanism for the peak effect is active. In 
comparison to the peak effect found in a supercon- 
ducting amorphous Nb3Ge thin film (Fig. 8 , [30]) it 
seems to originate from a different mechanism since 
in this case Fp extrapolates linearly to t= l .  It has to 
be stated, however, that in certain NbsGe thin films, 
Fp was reported to vanish also at aT/Tc<l [31]. The 
magnitude of FP in the Nb3Ge amorphous thin film 
changes only by a factor of about two at low tempe- 
ratures, whereas, the here described single crystalline 
samples show a gigantic increase of nearly two orders 
of magnitude. Inspite of a systemtic search for the 
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Fig.7 Isofield (H = 25k0e) results on UPdzAls show 
that the sample length (a) relaxes upon warming shortly 
before q< T,, whereas T, i s  determined from the mid- 
point of the jump in the thermal expansion coeficient 
G(T) = l-’al/dT in  a measurement upon slowly coo- 
ling the sample (b). The temperatures I?, and Tf mark 
the onset and the end of the strong-pinning regime as 
observed in M ( T )  (e) and xsc(T) (d). The full/open 
symbols denote (c )  vaiues of the hysteretic magnetiza- 
tion taken upon moving the sample up/down within the 
pick-up coils of the magnetometer and (d) xac taken upon 
warming/cooling [8]. 

peak effect in related compounds, like e.g. in the ho- 
mologue heavy-fermion superconductor to UPd2A13, 
UNi2A13 , and in the heavy-fermion superconductors 
CeCu2Sia and UBel3, an APE was not observed in 
any of the investigated samples [34]. 

We will now turn to a discussion of “classical” 
phenomenological mechanisms that could engender 
a peak effect. 
3.2. Origin of the peak effect 

For type11 superconductors with high defect con- 
centrations, an increase of the volume-pinning force 
near Hcz is a well known phenomenon [IS]. Several 
studies in the past have investigated the influence of 
defect density on the pinning properties [16, 35, 361. 
The occurrence of a peak effect was attributed to the 
interplay between a more or less rigid vortex lattice 
and the particular distribution of pinning centers. In 
the following, we will list the main mechanisms that 
lead to a peak effect [16] and compare it to the ex- 
perimental results with respect to the APE. 
(i) At a certain magnetic field, the vortex-lattice 
constant could match a periodic defect structure 
(“matching”). This mechanism can be evaluated if 
the maximum of the peak in Fp is at a constant ma- 
gnetic field for different temperatures. In the cases 
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Fig.8 The temperature dependence of the volume- 
pinning force F p  = reduced temperature for CeRu2 (e) 
and UP& At3 (o), compared to a superconducting film of 
amorphous Nb3 Ge (.), the latter taken from Rej.[30]. 
Recent measurements of the peak effect in Nb3Ge films, 
however, also extrapolate to a lower value of T/Tc[3i]. 

considered here, we can safely exclude this mecha- 
nism. 
(58) The elasticity of the FLL is of importance 
[la,  371: (a) The FLL could adjust to the pinning 
centers as soon as its shear modulus c66 softens near 
Hc2 (“synchronization”). This is the major mecha- 
nism in thin superconducting films, since c 6 6  is the 
only elastic constant that remains relevant in a 2- 
dimensional case (see e.g. [35, 301). Though inten- 
sively searched for, the APE has not been found 
in thin films of both UPd2A13 [38] and CeRu:! [39], 
but so far appears in all bulk samples and thus, has 
to be of a different origin. Furthermore, the sharp 
transition observed at Hi, as shown in Fig. 1, should 
not be caused by a smoothly vanishing shear stiff- 
ness of the FLL. (b)  Further, the peak effect might 
be due to the dispersive character of the tilt mo- 
dulus C44 of the FLL [37]. This could, in fact, be 
an important mechanism and may explain why the 
ac-susceptibility (frequency f 5 102Hz) is so sen- 
sitive at very low fields, whereas the main effect in 
the quasi-static magnetostriction vanishes already at 
k 0 . 7 .  However, the ac-susceptibility also shows a 
qualitative change in the magnitude of the peak, that 
might suggest different pinning mechanisms for the 
temperature ranges above and below H=lOkBe. 
(iii) A further interpretation is based on the collec- 
tive pinning mechanism [40] which occurs when the 
FLL softens or melts near the super- to normalcon- 
ducting transition line. Such a mechanism should 
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Fig.9 Theoretical H-T phase diagram for the FFLO 
state in a tdimensional system with a Landau pamme- 
ter Fg=0.5, as calculated by H.  Burkhardt and D. Rainer. 
All shown transitions are second-order phase transitions 
for the case of a i d  calculation [5]. 

BCS 

weak pinnii 

1. i 
GFFLO 

strong ("collective' 
pinning 

2 

Fig. 10 In the Model of a GFFLO superconducting state, 
the spatially oscillating gap function along the direction 
of the magnetic-field axis i s  expected to alter the pin- 
ning properties compared with those of the well-known 
Abrikosowtype vortex lattice [7/. 

be unlikely in the compounds considered here, since 
we do not observe a relaxation of the strained sam- 
ple as a function of temperature at ??, [see Fig. 2(b), 
7(a)]. It has to be stressed, that the dilatation mea- 
surement technique used for these zero-field cooled 
temperature runs is, in contrast to other techniques, 
a real static field measurement. 

In the following we want to critically review the 
recent microscopic interpretation of the peak effect 
that was suggested in Refs.[2, 7, 171. 
3.3. F'ulde-Ferrell-Larkin- Ovchinnikov super- 

An FFLO superconducting state could stabilize 
superconductivity in a high magnetic field by allo- 
wing a small fraction of electrons to become normal 

conducting state 

conducting and thus recover their Zeeman energy. 
For this state, the effect of the magnetic field on 
the spins of the charge carriers has to be dominant, 
i.e. the superconductor should possess a high spin 
susceptibility and the upper critical field should be 
set by Pauli-limiting. Therefore, stringent require- 
ments for the formation of this state are imposed. A 
lower limit for the parameter p = 4 Hc2,orblHP > 
1.8 was introduced which is a minimum requirement 
for the Pauli-limiting field Hp relative to the orbital 
pair-breaking field Hc2,orb [41]. 

H. Burkhardt and D. Rainer were the first to do a 
complete calculation of the FFLO state that exceeds 
the previous approximations of a Landau-type theory 
[5]. Their calculations were for quasi 2-dimensional 
systems, with the magnetic field direction parallel 
to the superconducting sheets, thus neglecting orbi- 
tal effects. They found a spatially oscillating order 
parameter with a wavelength A = 15 ... 50.[0, depen- 
ding on the external magnetic field. A typical phase 
diagram is shown in Fig.9. In fact, the theoretical 
diagram resembles the experimental phase diagrams 
[Figs. 4 and 5(a)], however, the temperature range 
of stability of the FFLO state in these calculations, 
as well as in most other theoretical approaches, does 
not exceed a critical value of t=0.56 which is also 
only obtained for a large parameter ,i3 (see also [6]). 

The venture towards a 3-dimensional calculation 
of the FFLO state was done by M.Tachiki and 
S. Takahashi who extended the model of Burkhardt 
and Rainer to include orbital currents [7]. This mo- 
del should be described here in more detail by first 
considering the basic energetic conditions of a single 
flux line. The core energy of a cylindrical vortex with 
diameter [, the superconducting coherence length, is 
given by: 

where h is a mean magnetic field inside the flux 
line. In the normal core of the vortex, the Zeeman 
energy of the charge carriers is gained. A large spin 
susceptibility thus reduces the core energy. Through 
this, also the pinning force of the vortex is determi- 
ned: If E,,,, is small, the energy gain at a pinning 
center will be low and thus, the pinning force will 
be small. Tachikietal. showed, that if the Zeeman 
energy E Z  = 0.5 . Xspinh2 equals the condensation 
energy density sc = H&/8r a further, major re- 
quirement for the occurrence of the FFLO state is 
fulfilled [7]. In this case the pinning forces have con- 
sequently to be considered as being relatively small. 
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The 3d gap function of the generalized FFLO (GF- 
FLO) state then results in a superposition of the 2d 
Abrikosov lattice @(z, y)[42] and a spatially oscilla- 
ting term, i j ,  pointing in direction of the magnetic 
field ( z ) :  

with @(z) = @(z + A) and A the wavelength of the 
oscillation, which again is of the order 15 ... 354. 
In the GFFLO state, the Abrikosov vortex lattice 
is thus "cut" into layers of thickness -lo+< which 
change the background (though beforehand very 
weak) pinning properties drastically, as shown in 
Fig. 10. Within the new state, the vortices gain fle- 
xibility caused by the nodal planes in the order pa- 
rameter and consequently can adjust more easily to 
a random pinning potential. Thus, a transition from 
very weak pinning to collective pinning should occur, 
which was calculated to be of first order. 

Since this picture is also based on the softening 
of the FLL at Hi, it seems not to be consistent with 
our experimental observations. Furthermore, strin- 
gent conditions, like the temperature-stabili ty range 
(t < 0.56) as well as the parameter ,f9 (especially for 
Yb3Rh4Sn13 [15]) are thoroughly violated. Thus, a 
GFFLO state within the present theoretical frame- 
work cannot account for the experimentally ob- 
served APE. However, a GFFLO state - if it exists 
- should provide an increase of the volume-pinning 
force, if one considers an appropriate superconduc- 
tor that meets the stringent theoretical requirements 
of a large parameter p, a high Ginzburg-Landau pa- 
rameter K ,  a high spin-susceptibility ( E ~  = E Z )  and 
a large electronic mean free path. In contrast to 
the latter requirement, it was shown that the peak- 
effect in CeRu2 is fairly robust against implantation 
of inhomogeneities [24], which would clearly violate 
the clean-limit constrained of an FFLO state. Ex- 
perimental observations on the, so far, highest pu- 
rity CeRu2-sample reveal a decrease of Hc2(0), while 
Hi(0) seems to remain at 4T [43]. The extension of 
the upper critical field, thus, seems to be introduced 
by a very small amount of defects. Up to now, there 
is no explanation why the superconducting state in 
UPdzA13 and CeRu2 is so much more sensitive to 
defects compared to other systems. However, in the 
compounds considered here, the vortex-core energy, 
as discussed above, should still be an important is- 
sue when trying to understand the odd pinning pro- 
perties in these systems. Interestingly, in CeRu2 as 
well as in Yb3Rh4Sn13 [15], the onset of the APE at 
t = 0.7 coincides with an inflection point of the Hc2 
curve. One could speculate, that the range of the 

4 3  = @b, Y) ij(.), 

APE is an extension of the superconductivity up to 
higher fields with respect to a clean-limit (Hc24Hi) 
case. 

4. PERSPECTIVE 
In special type-I1 superconductors like UPdzA13 

and CeRu2, an anomalous peak effect is found: At 
distinct fields Hi(T)  and H f ( T )  one finds first-order 
like transitions that mark a hysteretic strong-pinning 
range in the H-T phase diagrams. In the dilatu 
metric experiments we observe a softening/melting 
of the FLL at the temperature Tf 5 Tc. The ob- 
served peak effect, thus occurs prior to the melting 
of the FLL which is similar to the situation in the 
cuprate superconductor YBa2Cu307-6 [44], illustra- 
ting the far-ranging occurrence of the phenomenon. 
An interpretation in terms of a GFFLO state is not 
favorable, although, it would provide reason for an 
APE of different kind. However, it might be rea- 
lized in systems that meet the stringent theoretical 
requirements. Most promising candidates for an ex- 
perimental investigation are e.g. the quasi-2 dimen- 
sional cuprates where one can discard orbital effects 
by applying the magnetic field parallel to the super- 
conducting layers [5]. 

The objectives for future research should, thus, 
be twofold: In lack of an explanation for the APE, 
further experimental investigations have to be con- 
sidered to unravel the dynamics of the FLL in the 
region of enhanced pinning activity. E.g. in the 
system NbSe2 it was pointed out, that the super- 
conducting state is superimposed to a charge den- 
sity wave, which also could produce unusual pinning 
properties [14]. 

On the other hand, the recent theoretical re- 
sults have given serious constraints for an experi- 
mental investigation of a possible FFLO supercon- 
ducting state in appropriate type-I1 superconducting 
systems, so that a systematic search seems to be a 
promising future task. 
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