
                                   
                      

Anomalous pinning near Ha in the heavy fermion superconductor UPd2AI3 studied by 
magnetic measurements 
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Magnetic measurements were performed on single crystalline UPd2AI3 samples. Slightly below He2 an 
anomaly has been observed, which indicates a sudden change from weak to strong pinning of the flux vortices. 
We discuss possible explanations, e.g. the formation of a spatiaily modulated superconducting (,,Fulde-FerreU') 
state, and compare our results with similar ones in CeRu:. 

The heavy-fermion (I-IF) compound UPd2AI3 in 
which antiferromagnetic order among relatively 
large local U-moments (Ix = 0.85 lxB, TN ~ 14 K) co- 
exists homogeneously with I-IF superconductivity 
below T~ = 2 K, has recently attracted much interest 
Ill. For example, length measurements as a func- 
tion of both temperature and external magnetic field 
revealed distinct anomalies below T ~ 0.8 T¢ and at 
fields somewhat below the upper critical field 
H¢2 (7) [21. The main conclusion derived from these 
length measurements was the existence of a strong 
anomalous pinning mechanism which was tenta- 
tively ascribed to the formation of a non-uniform 
(Fulde-Ferrell [3]) superconducting state. In order 
to gain a deeper insight into this problem, we dis- 
cuss results of magnetic measurements, in particular 
of the ac-susceptibility (7~c), on UPd2AI3. 

The measurements described below were made 
on two different single crystalline samples of 
UPd2AI3. Both samples were cut from larger single 
crystals: The first one (# 1) had an irreguXar shape 
(approx. I x I x 2 mm), while the second one (# 2) 
was somewhat bigger and had a cylindrical shape 
(~  = 3 ram, 1 = 4 nun). The ac-susceptibility meas- 
urements (v = ! !7 H!, B~ ~ l ,uT) were done in a 
dilution cryostat with a superconducting magnet, 
allowing the superposition of a magnetic de-field. 
The field was applied along the c-axis of the first 
sample and about 15 ° off the c-axis of the second 
sample. Usually the de-field is set to a fixed value 
and the temperature is swept giving a X~ (D-curve. 
Most of our measurements were done the other way 
round: While sweeping the de-field the temperature 
was kept constant leading to Z~c (I/). These field 

sweeps were quasistatic (i.e. stepwise) or continuous 
(0.2 ... 2 T/min). The obtained results were norma- 
lized to the expected full diamagnetic value. These 
experiments were complemented by measurements 
of the dc-magnetization using a SQUID magneto- 
meter. 

Fig. I shows ~c (H)-measurements at T = 
150 inK. Upon increasing the magnetic field the 
value of -~c  decreases first in the usual way [4], 
while near He2 the value increases again reaching 
nearly the fidl diamagnetic value. In this region one 
can observe strong hysteretic behavior and time 
dependent effects: This is shown in fig. 2 on a 
quasistatic sweep with increasing and decreasing 
field at T = 135 inK. The arrow pointing down- 
wards indicates an observed relaxation when the 
field was held constant over several hours. The open 
circles are values obtained from X,c(D-measure- 
merits done in the usual way, i.e. after heating uhe 
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Fig, 1: ac-~sceptibiliOJ o f  UPd~13 (# 2) nt T ..... 
150 mE in increasing field at different sweep ratios. 
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Fig. 2: Observed hysteretic and time dependent 
behavior of UPd~413 (# 1) (see texO. 
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Fig. 3: Bc2(T) curve and observed area of hysteretic 
~ehavior of  UPd2AI~ (# 1). 

sample above T¢ a magnetic field was applied and 
the sample cooled doyen very slowly (FC-curve, 
inset fig. 2" B = 2.25 T). A striking difference is ob- 
served ff the same field is applied after the sample 
was cooled and then warmed up quite fast (ZFC- 
cur:e). The minimum seen in the ZFC-curve is in 
good agreement with the minimum near He2 in the 
field sweeps and with an anomaly found near H¢2 in 
de-magnetization measurements made on a different 
sample. 

1he obtained results axe summarized in fig. 3. 
Here the solid line connects the obtained BeAT)- 
values, which fit neatly a 1-(T/To) 2 -law giving Tc = 
1.81 K and B~2(0) = 3.59 T. The shaded area is the 
region of negative slope, i.e. of anomalous and hys- 
teretic behavior of the :~(H)-measurements done Ul: 
to 1.25 K. Using Bean's critical state model ex- 
panded by the model of rev~.sible flux motion a 
relationship between critical current (i.e. flux 
pirating) and the ~ - s i l ~ a l  can be derived: a large 
signal in ~ indicates', strong flux pinning. This 
means that at sufficient low field, after the usual 
softening of the flux lattice, upon isothermally 
increasing the field in UPd2Ab the vortices are 
strongly pinned again near H~2. In conventional 
superconductors such an anomaly arises from a 
matching of the vortices with lattice defects or with 
inclusions of a second phase ,a-:Lh a lower cri'd'-~,.~ 
temperature (,,peak effect"). Here the first possibility 
c~n be ,,,,,,.u,,,,,..'~"'h'a"a since the anomaly should ~,,~,,,, ,,.,u~m 
independent as a function of temperature. The other 
one seems unlikely too, since the observed zero field 
superconducting transition is quite narrow and there 
was no evidence for a second phase in X-ray 

measurements. - The hysteretic behavior of the ano- 
malies and an observed anomaly in the magneto- 
striction [2] may indicate a genuine first-order 
thermodynamic transition, although up to now no 
corresponding anomaly has been detected in the 
specific heat. Since the upper critical field is 
slightly above the Clogston limit (3.33 T) and the 
superconductor is in the clean limit too, there may 
be a change frc.ra the usual uniform to a nonuniform 
superconducting state as predicted by Fulde and 
Ferrell [3]. It is interesting to note that similar 
magnetic anomalies have also been observed in 
UPt3. with big changes for ¢oHa~ ~/~d~ [5], as well 
as in the strong intermediate-valence superconduc- 
tor CeRu2 [6]. Hewever, in the latter system, the 
upper critical field is found to be well below the 
paramagnetic limit so that this explanation is still 
questionable. 

Therefore, the origin of the very strong pimling 
near He2 and, associated with it, the pronounced 
time-dependent effects which hint at a non-equi- 
librium state, remain to be explained. 
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