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The Dirac semimetal PdTesbecomes superconducting at a temperature 7. = 1.6 K. Thermody-
namic and muon spin rotation experiments support type-I superconductivity, which is unusual for
a binary compound. A key property of a type-I superconductor is the intermediate state which
presents a coexistence of superconducting and normal domains (flux structures) at magnetic fields
lower than the thermodynamic critical field H.. By means of scanning SQUID microscopy (SSM) we
observe flux structures in the superconducting state of PdTez. The flux structures are strongly his-
tory dependent with a transition from round shapes to laminar shapes as the magnetic field is more
and more increased. The field amplitudes measured at the surface are indicative for the presence of
Landau branching. The domain wall width in the intermediate state has been determined.

I. INTRODUCTION

Finding materials presenting topological superconduc-
tivity is an important challenge in todays condensed mat-
ter research. Topological superconductors are predicted
to host Majorana zero modes at their surface, which
could be used for quantum computation with increased
coherence times because the surface states are protected
by symmetry’2. A wide range of unconventional su-
perconductors is under scrutiny for finding fingerprints
of topologically protected states>®. A promising fam-
ily of materials are the transition metal dichalcogenides,
to which PdTesbelongs. Angle resolved photoemission
spectroscopy (ARPES) has identified PdTeqas a Dirac
semimetal, with a tilted Dirac cone below the Fermi
energy with spin-polarized topological surface states® 8.
Since the tilt parameter £ > 1 PdTesis classified as a
type-II Dirac semimetal®. PdTesis also a superconduc-
tor below T, = 1.6 K9, with a conventional fully-gapped
order parameter indicated by the step in the specific heat
at T., AC /4T, ~ 1.5 11 (v is the Sommerfeld coefficient),
and supported by the exponential temperature variation
of the London penetration depth'?!3. Scanning tunnel-
ing microscopy and spectroscopy (STM/STS)7 1415 and
point contact spectroscopy (PCS)16 measurements report
a BCS gap size Apgcg of the order of 215—326 peV, which
gives rise to 2Apcg/kpT, in the range 3.0—4.2, i.e. close
to the weak coupling value of 3.52.

The superconducting state of PdTesin applied mag-
netic fields is subject of debate. Dc-magnetization and
ac-susceptibility measurements show the presence of the
differential paramagnetic effect (DPE) in applied mag-
netic fields (1 — N)H. < H, < H., where poH, =
13.6 mT is the thermodynamic critical field'”. N is
the demagnetization factor of the single crystal used
in the experiment. This provides strong evidence for
the existence of the intermediate state, which presents
a macroscopic phase separation in superconducting and
normal domains and is a key property of a type-I su-

perconductor!'®. Type-I superconductivity is in-line with
the reported value of the Ginzburg-Landau parameter
k = ME ~ 0.09 — 0.34!1217 where )\ is the magnetic
penetration depth and £ the superconducting coherence
length. This value of k is smaller than the theoreti-
cal boundary value 1/v/2, above which type-II behav-
ior is expected. On the other hand, STM/STS*!5 and
PCS'6 experiments have given rise to an interpretation
in terms of a mixed type-I and type-II superconducting
phase along with a spatial distribution of critical fields.
This was attributed to an intrinsic electronic inhomo-
geneity already present in the normal phase. In an-
other STM/STS measurement” the observation of a vor-
tex core and type-II superconductivity is reported. How-
ever, in all these STM/STS experiments an Abrikosov
vortex lattice, which is the hall mark of type-II super-
conductivity'®, was not observed. More recently, trans-
verse muon spin rotation (#SR) measurement have been
conducted to probe the intermediate phase on the mi-
croscopic scale’®. The results provide solid evidence for
type-I superconductivity in the bulk of the PdTescrystal.

Another intriguing aspect is the observation of a
pronounced diamagnetic screening signal in the ac-
susceptibility for applied fields H, > H.'7. This has
been interpreted as an unusual form of surface super-
conductivity, possibly related to the topological surface
states that were detected by ARPES®2°. The screening
signal at the surface is preserved under pressure, which
indicates it is a robust feature?!. Finally, electrical resis-
tivity measurements reveal superconductivity up to fields
of the order of 0.3 T'"22, that are much higher than the
thermodynamic critical field (13.6 mT) and the surface
critical field (34.9 mT)'7. In this respect, the H —T phase
diagram presents similarities with those of so-called type-
I1/1 superconductors with x = 1//22%24,

These puzzling results and their interpretation provide
the motivation to study the magnetic flux structure in
the superconducting phase at the local scale. Here we
report local magnetization measurements in the super-



conducting phase of a PdTessingle crystal using a scan-
ning SQUID microscope®®. The observed flux structures
confirm the presence of the intermediate state. They
show a strong history dependence and a transition from
a closed round shape to an open laminar-like shape as
the magnetic field is more and more increased.

II. EXPERIMENTAL METHODS

Our measurements were made with a high-resolution
scanning p-SQUID microscope (SSM) working in a dilu-
tion refrigerator2®26. The microscope combines tuning
fork based scanning force microscopy and magnetic mi-
croscopy using a pu-SQUID scanning parallel to the sam-
ple surface at a distance of 350 nm from the sample
surface. The microscope is equipped with three piezo-
electric motors for the coarse approach in the z, y and
z directions. A large range scanner moves the sample as
much as 85 pm in the x and y directions relative to the u-
SQUID tip. By means of the inverted dilution refrigera-
tor the sample can be cooled down to temperatures as low
as 0.2 K. The square shaped aluminum p-SQUID has an
effective area (Ssqurp = 0.36 pm?), with Dayem bridges
as weak links. These devices are hysteretic, and therefore
cannot be used in a flux-locked loop. Instead the current
through the p-SQUID is ramped until the transition into
the voltage state at the critical current, I., is detected
and recorded. The critical current of the u-SQUID is a
periodic function of the flux, ®, penetrating the SQUID
loop, with a period equal to the magnetic flux quantum
®y = h/2e. By repeatedly measuring the critical current
we achieve a flux resolution of 1.2 x 10~* &, /v/Hz.

The scanned images shown in this work represent maps
of the magnetic field above the sample surface. The
SQUID microscope acquires critical current maps as a
function of the SQUID’s position above the surface. The
magnetic field is obtained thanks to the previous calibra-
tion of the I, curve, acquired while the sample was in the
normal state (uoH = ®/Ssquip)-

The measurements were performed on a PdTessingle
crystal in the shape of a flat rectangular prism with a
length 0.88 mm, width 0.84 mm and thickness 0.097 mm.
We benefit from the fact that the crystal was already used
for measurements of the London penetration depth, A(T'),
as crystal sl in Ref. 12. The onset superconducting tran-
sition temperature was found to be 1.67 K and the zero
temperature penetration depth A(0) = 377 nm. Here the
magnetic field was applied perpendicular to the flat sur-
face, i.e. the c-axis in the trigonal Cdl, structure?”. In
between the measurements the sample was stored in a
desiccator. In the SSM measurements the applied field
is also directed along the c-axis. A demagnetization fac-
tor N = 0.82 is calculated in the completely shielded
case (susceptibility x = —1)2%. We remark this value is
reduced to ~ 0.78 in the paramagnetic normal phase®®.

III. RESULTS

In order to investigate the H — T phase diagram we
have analyzed the SQUID response by increasing the ap-
plied field, H,, after zero field cooling (ZFC), at a number
of fixed temperatures. In Fig. 1(a), we show the critical
current, I., as a function of H, for three different tem-
peratures: T = 1.7 K (black line), 1 K (blue line) and
0.3 K (red line). At T' = 1.7 K the sample is in the
normal state and the data shows the modulation (arcs)
of the SQUID’s I.. Each period corresponds to one flux
quantum entering the SQUID loop. At 1 K and 0.3 K the
sample is in the superconducting phase. The data starts
off with a flat response, which corresponds to Meissner
screening, up to a field H, = (1 — N)H,. There above
flux penetrates, as indicated by the fluctuating signal, up
to H,., above which the non-affected arcs are recovered.
The field values (1 — N)H, and H, measured in this way
are indicated by arrows in Fig. 1(a). In between these
fields we denote a significant change in the SQUID re-
sponse, from large to small fluctuations of I, at a fusing
field, Hy. As we will show in the next section, at this
field single magnetic structures start fusing into laminar
structures.

In Fig. 1(b) we have collected (1 — N)H., Hy and H,
obtained at thirteen different temperatures. H,. follows
the standard BCS behavior, H.(T) = H.(0)[1—(T/T.)?],
with poH,. = 13.62 £ 0.05 mT and T, = 1.57 + 0.01 K.
These value are in excellent agreement with the H.(T)
behavior reported in Ref. 17. Correspondingly, we ob-
tain po(l — N)H.(0) = 3.83 £ 0.03 mT which gives us a
demagnetization factor N = 0.72. This value is smaller
than the calculated one, N = 0.82, which we attribute
to a measured effective value Ny < N due to the local
probe geometry. The data confirms the presence of the
intermediate state in the slab-shaped sample and type-
I superconductivity in PdTey. The effectiveness of this
method for determining the phase diagram is indicative
of a very low resistance to flux penetration and weak flux
pinning in PdTes.

A. PdTes Zero Field Cooled

In order to investigate how the flux penetration de-
velops in the intermediate phase, we imaged the crystal
at T = 0.9 K for different applied fields after ZFC (see
Fig. 2). At the lowest applied field poH, = 1 mT we
expect flux exclusion, which is confirmed by the data in
Fig. 2(a). Nonetheless, some magnetic structures are ob-
served, but since they do not evolve with the applied
magnetic field, we conclude they were created by the
residual magnetic field when ZFC. The field profile of
the smallest structure along line A is plotted in Fig. 2(e).
For comparison, the theoretical field distribution in the
London limit of a hypothetical vortex of 7®y with a pen-
etration depth A.ry = 2.1 yum and scanned at a height
of 350 nm above the surface is given by the red line®C.
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FIG. 1: (Color online) (a) The SQUID response after ZFC at three temperatures as indicated. In the normal phase
(black solid line) the SQUID response is smooth. In the superconducting phase we distinguish three different
behaviors: (¢) flat signal, i.e. screening for H < (1 — N)H,, (4i) high density of jumps, i.e. penetration of field in
closed topology structures for (1 — N)H. < H < Hy, and (44) smoother jumps, i.e. open topology structures
become more stable for Hy < H < H,. The fields H, = (1 — N)H,., H; and H, are indicated by arrows. In (b) the
phase diagram is constructed from the derived characteristic field values. The solid red line represents a BCS-fit
H.(T)= H.(0)[1 - (T/T.)?) with puoH.(0) = 13.62 mT and T, = 1.57 K and the solid blue line the equivalent fit
with p10H,(0) = 3.83 mT and T, = 1.58 K. The vertical dashed lines indicate the temperatures at which the SQUID
response is shown in (a).

The large A.yy compared to the A obtained by Salis et
al.*?2 (A ~ 377 nm) could be indicative for a more impor-
tant field spreading effect upon approaching the surface
than in type-II superconductors. We remark that this
structure is the least intense we found.

When H, is crossed, magnetic structures fill the space,
as demonstrated by the scans at 3.5, 4.5 and 7.5 mT
(Fig. 2). At 3.5 mT (see Fig. 2(b)) the structures have a
closed topology and they form a lattice, a self-organized
structure reported frequently®'. We notice two types of
magnetic structures with closed topology: mountains, see
the structures in Fig. 2(a) and the profile in Fig. 2(e),
and volcanoes, see Fig. 2(b) and the profile in Fig. 2(f).
A typical volcano structure, obtained by the field profile
taken along line B in Fig. 2(b), is shown in Fig. 2(f).
The strong dip in the center of the profile could indi-
cate Landau branching!®31:32 as sketched in the inset
in Fig. 2(f). The absence of a superconducting region
(i.e. zero field because of complete screening) in the cen-
ter of the wolcano is attributed to the masking effects
due to the spreading of the magnetic field and the finite
size of the SQUID. Another scenario would be the pres-
ence of a superconducting tube inside the normal tube,
as predicted for the high field limit in the model of Clem
et al.33, where superconducting tubes are surrounded by
normal regions. We can not distinguish between the two
scenarios.

The closed topology structures and their arrangement
have been modeled in the past by a number of theo-

reticians®334, exploring the minimal energy state with

the domain wall energy and field energy contributing to
the total energy. They could predict the transition from
tubular to laminar shapes of flux structures, their size
and density as a function of the applied magnetic field
and the thermodynamic critical field. Clem et al. pro-
posed a coherent description from the low field region,
describing normal tubes in the superconducting state, fol-
lowed by intermediate fields, with laminar structures of
alternating normal and superconducting regions, up to
superconducting tubes surrounded by normal state re-
gions close to the critical field.

We first determine the domain wall width, 4, based
on either Refs.31:3% or33. A first way to calculate § as
a function of the reduced field, h = H,/H,., and the
sample thickness, d, is from the flux spot diameter D
via the relation § = D?(1 — h)(1 — v/h)/(2d), or from
the lattice parameter between adjacent flux spots, a, via
the relation § = ah(1 — h)(1 — Vvh)/(2d). Choosing
Fig. 2(b) to measure the lattice parameter and sizes of
spots (D = 13+ 2 pym and a = 22.7 + 2.5 pum), we ob-
tain a domain wall width of 0.25 4+ 0.08 pum based on
the spot size and 0.25 + 0.06 pum based on the lattice
parameter, respectively for the gives case (h = 3/9.14
and d = 97 pm). A second way to calculate 0 is given by
Clem et al., who add in their expression for § as a param-
eter the normalized free energy, ®1, that attains the value
®; = 0.079 for this field. Based on the spot size diameter,
the domain wall width can be calculated from the rela-
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FIG. 2: (Color online) Panels (a) to (d): ZFC scanning SQUID images taken at a temperature of 900 mK at an
applied field of 1 mT, 3 mT, 4.5 mT and 7.5 mT, respectively (all images from the same cool down). Panels (e) and
(f): Field profiles along the lines A and B as shown in (a) and (b), respectively. As comparison, the theoretical field

distribution of a 7®¢-vortex with A = 2.1 ym scanned at 350 nm is represented in red in (e). The inset in (f)
represents the schematics of flux tube branching at the surface of the sample.

tion & = (D®;/h)*/d and we obtain § = 0.10 + 0.06 m.
Alternatively, Clem et al. estimate J from a normalized
lattice parameter Ry = (\/3/2#)1/2a = 11.9 pum with
help of the relation § = (2Ry®1)?/(dh). This results
in § = 0.11 £0.03 gm. Since the model of Clem et al.
does not take into account the spreading of the flux tubes
near the surface and the presence of the flux minima that

we observe, we argue the most reliable estimates of the
domain wall width are the ones based on the lattice pa-
rameter, thus § = 0.11 +£0.03 gm according to the model
of Clem et al. or 0.25 + 0.08 pum according to the model
of Goren et al.

Above a certain threshold field, Hy, the single round
magnetic structures fuse into laminar domains, as for in-
stance shown by the scan taken at 4.5 mT reported in



Fig. 2(c). The values H¢(T) in Fig. 1(b) show a rela-
tively high dispersion which we attribute to the coexis-
tence and competing effects of structures with a closed
(tubular) topology and an open (laminar) topology. Such
coexistence of shapes has been reported in the literature
before, and a quantitative analysis has been made in sev-
eral model cases®!34736_ This coexistence is in agreement
with the small free energy difference between the flux ar-
rangements>3.

The domain wall width is in all configurations an im-
portant parameter. Based on Ref.?3 we have determined
also the domain wall width in the laminar state observed
at 4.5 mT (Fig. 2(c)). The distance between two normal
laminae is 2Ry = 20 pum and the width of the interme-
diate state laminae is 2R = 8 pm. The normalized free
energy at the reduced field h = 4.5/9.14 is &5 = 0.092.
The domain wall width derived from the period of the
normal laminae is expressed as 6=(4Ry®;)/d, and we
obtain § = 0.14 gm. On the other hand, the domain wall
width derived from the width of the normal laminae is
expressed as 6 = (4R®y/h)?/d, which leads to a value
0 = 0.09 pm.

It is remarkable that the model of Clem et al. gives
consistent results for § considering the level of abstract-
ness of the model compared to the complex shapes ob-
served in real samples.

As the field increases, the laminae become wider and
occasional some tubular regions are observed, for in-
stance at © = 5 pm, y = 22 pm in the scans of Fig. 2(d).
This tells us that the high field equilibrium state in our
case is a mixture of tubular and laminar superconducting
structures (see Fig. 2(d)) at odds with exclusively tubu-
lar structures predicted for the high field phase in the
Clem et al. model.

Branching of normal domains at low and intermediate
fields could be peculiar because we observe only one sin-
gle funnel-like branch per normal domain. In contrast,
in many other intermediate state superconductors more
complex branching patterns have been observed3!37.
Branching can even produce isolated superconducting is-
lands (inclusions). A priori, these closed topology struc-
tures should obey flux quantization®, and the appear-
ance of isolated single-®( structures, such as reported
in Refs.”!%, cannot be excluded. Finally, we remark that
branching is expected to occur only for a sample thickness
larger than the critical thickness d, ~ 800 x §3!. With
our estimate of the domain wall width in the range 0.1 to
0.25 pum, d, falls in the range 80 —200 pm, while the sam-
ple thickness is 97 pm. Thus observation of branching is
in favor of a domain wall width of the order of 0.12 pm.
The absence of a more intricate branching pattern may
be explained by the fact that the sample thickness is at
the limit of the branching criteria.

The partial duplication of the structure at x=15 pym in
Fig. 2(b) denotes movement of the structures, which we
attribute to the coupling between the SQUID’s magnetic
field and the structure itself. This movement can only be
observed in case of weak pinning. This effect can also be

deduced from the vertical lines in Fig. 2(b)-(d).
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FIG. 3: (Color online) FC images at 300 mK: 3.5 mT in

(a) and 8 mT in (b). Points 1 to 4 indicate the maximal

and minimal measured fields of each scan referred to in
Fig. 4.

B. PdTe; Field Cooled

Above we have investigated flux structures in the inter-
mediate phase after ZFC. Alternatively, one can reach the
intermediate state by field cooling (FC) from the normal
phase. Since the obtained magnetic structures sensitively
depend on the domain wall energy, the magnetic-field en-
ergy and pinning forces, the intermediate state patterns
can be very different3!:3437, In the FC case, the expul-
sion of the flux in general results in laminar structures,
that connect to the edges of the crystal. Two examples
of such open topology structures are presented in Fig. 3,
scanned at 0.3 K in 3.5 mT and 8 mT applied fields.
The 8 mT scan shows a mixture of laminar and tubu-
lar superconducting structures, while in the 3.5 mT scan
meandering normal state laminae are present.

IV. DISCUSSION

One of the major results from the present SSM mea-
surements is the direct observation of the intermediate
phase on a local scale in the field range (1 — N)H. <
H, < H.. According to theory the magnetic field in
the normal domains should always be equal to H.'®. In
the case of PdTesthis was demonstrated by pSR mea-
surements that probe the field in the bulk of the normal



domains in the crystal'®. However, the field at the sur-
face probed in our SSM experiment can be considerably
smaller.
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FIG. 4: (Color online) The normal-state field, Hy
(triangles), and the superconducting-state field, Hg
(squares), as a function of the applied field, H,, for, in
red/full, ZFC (900 mK) and, in blue/empty, FC
(300 mK) measurements. The green (dark gray) line
represents the linear fit: Hy/H. = 0.43 + 0.58 H,/H..
The yellow (light gray) line is a guide to the eye. Points
1 to 4 are references to the corresponding points in the
images of Fig. 3.

This is shown in Fig. 4 where we trace Hy, the maxi-
mal field of the normal state structure, normalized by H.,
as a function of the reduced applied field H,/H.. In the
bulk case, Hy/H. = 1 is verified'”, but we observe that
Hy is a linear function of the applied field. A possible
explanation is a spreading of the magnetic field near the
surface. We try to use conservation of flux to estimate
the degree of spreading necessary to explain our measure-
ment of the magnetic field at the sample surface. Tak-
ing into account conservation of flux in a single tubular
normal domain, ® = poH:Spuk = poHsurfSsury, Where
Stuir, and Sy are the cross sections of the flux tube
in the bulk and at the surface respectively. This im-
plies the ratio Hgyrf/H. behaves as Spuk/Ssurf. We
can consider Hy = Hgyry as a first approximation and
Hgyrp/H: = 0.5 at the onset of the intermediate phase
(see Fig. 4), which implies the diameter dg,,; of a flux
tube near the surface would be 1.4 times the one in the
bulk dpyk- By increasing the field this effect becomes
smaller and smaller, as the normal state is approached,
and the energy difference vanishes. The magnetic field
above the superconducting regions (Hg) increases steeply
upon increase of the applied field, which we attribute to
the increase of the stray field emanating from the normal
regions. In general, measuring the magnetic field at the
surface of a multi domain material is an intricate prob-

lem??. Surface uSR experiments in which the muons are
implanted near the surface could shed more light on this
problem™?.

Our visualization of the evolution of the magnetic flux
structure as a function of the applied field shows a change
from closed to open topological patterns at a field Hy (see
Fig. 1(b)). The equilibrium topology can be described
using overall energy minimization of the wall-energy and
field-energy terms33*'. The competition of these two
terms can be studied from scans like those in Figs 2 and 3.
A way to quantify the change from a tubular pattern to a
laminar pattern is to measure the intermediate state (IS)
area, s, and the normal-superconducting (N-S) interface
perimeter, p, of different domains at the surface. Their
ratio p/s and p?/s will change at the transition from the
tubular to the laminar pattern. The perimeter term is
related to the wall energy and the surface term is related
to the field energy.

We analyzed the perimeter and the surface of up to
~ 10 closed and open topologies for a given field and field
history. Given the asymmetry of the distribution of the
ratios p/s and p?/s in the ZFC measurements, we choose
to trace the lower bound, which shows clear tendencies.
In this case (see Fig. 2(b)), we have a closed topology
pattern, i.e. tubes, therefore we expect the perimeter
over surface ratio to follow p/s = 2/r and p?/s = 4r.
As tubular structures prevail for fields lower than Hy,
the ratio p?/s is constant at a value of ~ 12.9 ~ 47 (see
Fig. 5). Above this field, tubular structures and laminae
coexist, thus the ratio p2 / s presents two components, one
constant due to the tubular structures and another one,
due to the laminae, that tends to zero as the normal
state surface area increases faster than the perimeter.
For the same measurements, the ratio p/s behaves as
a + 8/H, for the entire studied range (see Fig. 5). We
undertook the same analysis for the data obtained during
FC measurements. The ratios p/s and p?/s tend to go
to zero as the applied field approaches pgH,, but a clear
tendency could not be revealed.

These observations have allowed us to estimate the ap-
pearence of laminae at a reduced applied field b = 0.55
and we find that the perimeter over surface ratio seems
to depend on the applied field as 1/H,, up to the critical
field. This ratio does not distinguish between laminar or
tubular patterns.

V. SUMMARY AND CONCLUSION

Using a high resolution scanning p-SQUID microscope
we have investigated the local magnetic flux structure in
the superconducting phase of PdTe; when exposed to a
magnetic field. The data have been taken on a thin sin-
gle crystal with a demagnetization factor N = 0.82. We
confirmed the superconducting phase diagram with in-
termediate phase by measuring the local magnetization
during field sweeps. This is indicative of a very low resis-
tance to flux penetration and weak flux pinning in PdTes.
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FIG. 5: (Color online) Perimeter over surface ratio, p/s,
and perimeter squared over surface ratio, p?/s, of the
intermediate state pattern derived from images at
different applied magnetic fields acquired after ZFC.
yellow line (light gray): p*/s = 0.11 H,/H, + 12.9
(presence of tubular pattern), magenta line (dashed)
(appearance of laminar structures), and blue (dark
gray) line p/s = 0.2 H./H, — 0.185.

The scanned images reveal the intermediate state and
thus type-I superconductivity. By analyzing the SQUID
signal as a function of the field at several fixed temper-
atures we have determined (1 — N)H,. and H, and con-
structed the ZFC phase diagram. The measured value
H, = 13.6 mT is in excellent agreement with the litera-
ture!”. In the intermediate phase we also identify a field
Hy; where tubular, closed topology flux structures fuse
into laminar, open topology structures. Both structures
exist at the same time in fields above Hy.

The stability of the structures is supported by the com-
petition of surface and volume energies, which we could
analyze from measurements of the perimeter and surface
ratios. The smallest magnetic flux structure we observed
is comparable to that of a 7®( vortex. Furthermore, we
observed branching, typical for the intermediate state,
and magnetic field spreading at the surface. Also the
field measured at the surface of the normal domains is
smaller than H., and shows a linear increase upon in-
creasing applied field. This suggests a difference between
the cross section of the flux tube in the bulk, Sy, and
at the surface, Sgurf.

We estimated the domain wall width in analyzing the
size and the period of the flux structures using the model
of Goren and Tinkham?3* and the model of Clem et al. 33.
The estimated values place our sample thickness at the
limit for Landau branching. Tubular superconducting
regions persist up to the highest fields, they coexist with
laminar superconducting structures.

Finally, single-quantum vortices and type-II supercon-
ducting regions were not detected in our experiment,
which excludes type II/1 behavior or a mixture of type-I
and type-II behavior. The scanning SQUID data fully
support PdTe, is a type-I superconductor.
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