
 

Pauli-Limited Behaviour in an iron-based Superconductor？ 
 

Ochanomizu University   
Hazuki Kawano-Furukawa 

 
We proposed a small angle neutron scattering experiment to measure the magnetic vortex 

lattice (VL) in clean KFe2As2 crystals with the field-direction close to the basal a-b plane. In this 
configuration, Bc2 in Tesla is more than double Tc in Kelvin, which is a simple version of the 
condition for Pauli-limiting of superconductivity. We had expected to observe unusual behaviour, 
like “field-contrast” magnetic form factor of the VL, a possible FFLO state or magnetic ordering, 
similar to that observed in d-wave CeCoIn5 superconductor. However the pairing in KFe2As2 is 
probably s+-, rather than d-wave, giving a new perspective on the physics. For this purpose, during 
the end of May 2014, I visited PSI and performed VL measurements on new KFe2As2 crystals. 
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I. INTRODUCTION

The superconductor KFe2As2, (KFA), was examined
with the field direction close to the basel plane. This
experiment was conducted at the SANS-I beam-line of
PSI.

For this alignment, Bc2 in Tesla is much larger than
Tc2 in Kelvin, which suggests Pauli-Limiting of the su-
perconductivity.

We expected to measure the top and bottom peaks
of the vortex lattice. These peak have greater intensity
because the crystal anisotropy is approximately 4, similar
to the e↵ect in SRO.

Technical di�culties with the sample table and the
magnet made this a failed experiment. The beam time
will be made up in Fall 2014.

II. EXPERIMENT PREPARATION

II.1. KFA crystals

Clean KFA crystals were supplied by Morten Eskildsen
and by Hazuki Kawano-Furukawa. In Morten’s samples
the [110] axis was vertical. In Hazuki’s samples the [100]
axis was vertical. Hazuki’s samples weighed 0.7 g.

II.2. Sample Holder

A new sample holder was prepared for this experiment,
as shown in Fig. 1. The KFA crystals are mounted on
0.2 mm thick pure aluminum plates. The four plates are
inserted into parallel slits on the sample holder pieces.
Morten’s samples were installed in the top slots. Hazuki’s
were installed in the bottom slots. Each plate is held in
the top and bottom slits with Cu-Be shims and Apiezon
N thermal grease. The top and bottom sample holder
pieces are made of oxygen free copper. The middle piece
and brackets are made of pure aluminum to reduce scat-
tering. Bostik was used to glue the middle piece to the
brackets, in order to reinforce the slots.

FIG. 1. The new sample holder, mounted on the Dil. Fridge.
Morten’s samples are on the top, Hazuki’s samples are on
the bottom. Before putting the sample in the beam, it was
painted with Gadolinium Oxide and wrapped in Aluminum
foil.

The top and bottom pieces were painted with Gd oxide,
a neutron absorber, to improve imaging with the neutron
camera.

In order to keep the brackets out of the beam, the
sample holder was rotated clockwise.

    
 
 Fig.1 shows the sample holder that we prepared for the experiment. It allows us to stacks 8 
Al plates parallel and to change two set of mosaic crystals by changing the dilution stick position. 
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FIG. 2. The Sum of a San Scan on Morten’s sample at a dom
of 45�. The field was 0.4 T and the temperature was 0.04 K.
Although multiple domains are expected at low temperatures
are expected at low temperatures, the smearing of the peaks
suggests poor alignment in the crystal mosaic.

FIG. 3. The Sum of a San Scan on Hazuki’s sample at a dom
of 30�. The field was 0.4 T and the temperature was 0.04 K.

II.3. PSI set-up and parameters

The SANS-I machine, the Oxford magnet MA11, and
Dilution Fridge 4 were used in this experiment. The weak
link was installed on the dil. fridge.

The dom (rotation of the Dil Fridge) center was found
by scattering neutrons o↵ of the Al plates in the sample
holder. The magnet rotation center was found using a
san (rotation) scan. The magnet height (z) center was
found by taping a Cd strip to the center of the magnet
and observing with the neutron camera.

FIG. 4. The Sum of a San Scan on Hazuki’s sample at a dom
of 75�. The field was 0.4 T and the temperature was 0.04 K.

III. MORTEN’S SAMPLE

For Morten’s sample, the beam parameters were:
wavelength 12 Angstroms, collimation 18 m, and detec-
tor distance 18 m. The beam stop was centered on the
direct beam. A field of 0.4 T and a sample temperature
of 0.04 K were used throughout.

Clear Bragg peaks were seen on measurements of dom
at 0 �, 45� and 60�. The 45 � detector image can be
seen in Fig. 2. Foreground scans were also taken for
dom of 75�. At low temperatures, multiple domains can
be seen in KFA. The peak images appear smeared on the
detector, suggesting poor alignment of the crystals in the
mosaic. These samples will be remounted before the next
experiment.

IV. HAZUKI’S SAMPLE

When dom was above 0� for Hazuki’s sample, the
beam parameters were: wavelength 12 Angstroms, col-
limation 11 m, and detector distance 11 m. The beam
stop was centered on the direct beam. A field of 0.4 T
and a sample temperature of 0.04 K were used through-
out.

Figs. 3, 4, and 5 show Bragg peaks for measurements
of dom at 0�, 30�, 45�, 60�, 75�, and 80�. Because we
were unable to tilt, san rocking curves were measured for
the less intense side peaks.
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FIG. 5. The Sum of a San Scan on Hazuki’s sample at a dom
of 80�. The field was 0.4 T and the temperature was 0.04 K.
Only the left peaks were rocked through.

V. TECHNICAL DIFFICULTIES

V.1. MA11 Oxford Magnet

Throughout the experiment we had problems with the
1K pot temperature and the still temperature rising un-

expectedly. This caused a rapid boil o↵ rate for the he-
lium, meaning frequent refills (approx. every 10 hours).
On Friday, May, 30th, the experiment was cancelled due
to the unsustainable amount of helium being used.

V.2. New Sample Table

The dom motor encountered a software error whenever
the motor was driven to its (soft) zero value. Fixing
the error required realignment scans for the dom. The
problem can be avoided by having the soft zero value
contain several decimals, so the motor would never be
driven to 0.

The tilt motor (sg) at first was not connected to the
sics command terminal. After it was connected, sics
would read a change in tilt while the sample table ac-
tually stayed locked in its initial position. This meant
that it was impossible to perform a tilt scan, a critical
measurement for this experiment.

 
 
Figs.2 show the sum of omega scans at sample angles to the crystal c-axis of 30deg. (left) 

and 80deg. (right),  at T=0.04K and H=0.4T. In the latter case, only left side of Bragg peaks were 
rocked through. The results revealed that we could observe VL signal even at high angle condition. 
Then we tried to proceed this experiment further but the dilution refrigerator failed to control 
temperature and we could not finish the measurements. PSI promised to cover this loss in coming 
cycle. We would like to extend this experiment further to test the Pauli-Limited behaviors in an 
iron-based Superconductor.  This travel was done with a financial support of by ISSP. We 
appreciate it pretty much since it could not be done without it. 

Fig. 2  
VL scattering patterns. 
Conditions were 
described in the text. 
 

Fig. 1  
Sample holder made 
for this experiment. 


