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in many theoretical works.[3,4] It was also 
observed experimentally in transport meas-
urements by the detection of long-range 
supercurrents in ferromagnetic layers in 
Josephson S–F–S junctions[5–7] and scan-
ning tunneling spectroscopy (STS) on the 
superconductor side of S–F junctions,[8–10] 
confirming theoretical predictions.[4,11] The 
interest in S–F hybrid systems has vastly 
expanded over the past decade with the 
understanding that such systems can open 
new routes to the realization of topological 
superconductivity. The observations[12–15] of 
zero-energy Majorana bound states at the 
ends of magnetic adatoms chains placed 
on singlet s-wave superconductors has 
provided strong support for the concept of 
creating topological superconductivity in 
engineered S–F systems. Concomitantly, 
it was also proposed that 2D topological 
superconductivity can be created by placing 
islands of magnetic adatoms on s-wave 
superconductors.[16–20]

Compelling experimental evidence for these predictions was 
gained in the past few years, where topological superconductivity 
and zero-energy Majorana edge-states were observed in mag-
netic monolayer islands grown on conventional superconduc-
tors. STS measurements showed a significant enhancement of 
the density of states inside the superconducting gap,[21] or the 
emergence of zero-bias conductance peaks[22] on the edges of  
the ferromagnetic islands deposited on a superconductor. In 
these studies, the spectra measured on the edges of the islands 

Unconventional superconductivity was realized in systems comprising a 
monolayer of magnetic adatoms adsorbed on conventional superconductors, 
forming Shiba-bands. Another approach to induce unconventional supercon-
ductivity and 2D Shiba-bands was recently introduced, namely, by adsorbing 
chiral molecules (ChMs) on conventional superconductors, which act in a 
similar way to magnetic impurities as verified by conductance spectroscopy. 
However, the fundamental effect ChMs have on the strength of supercon-
ductivity has not yet been directly observed and mapped. In this work, local 
magnetic susceptometry is applied on heterostructures comprising islands of 
ChMs (α-helix L-polyalanine) monolayers adsorbed on Nb. It is found that the 
ChMs alter the superconducting landscape, resulting in spatially-modulated 
weaker superconductivity. Surprisingly, the reduced diamagnetic response is 
located along the perimeter of the islands with respect to both their interior 
and the bare Nb. The authors suggest that topological edge-states forming at 
the edges are the source of the reduced superconductivity, akin to the case of 
magnetic islands. The results pave new paths for the realization of topolog-
ical-superconductivity-based devices with changing order parameter.

M. Ozeri, H. Alpern, N. Sukenik, S. Yochelis, Y. Paltiel
Applied Physics Department and the Center 
for Nanoscience and Nanotechnology
The Hebrew University of Jerusalem
Jerusalem 91905, Israel
E-mail: hen.alpern@mail.huji.ac.il; paltiel@mail.huji.ac.il

M. Ozeri, H. Alpern, O. Millo
Racah Institute of Physics
and the Center for Nanoscience and Nanotechnology
The Hebrew University of Jerusalem
Jerusalem 91905, Israel
E-mail: milode@mail.huji.ac.il
T.R. Devidas, E. Persky, A. V. Bjorlig, B. Kalisky
Department of Physics and Institute 
of Nanotechnology, and Advanced Materials
Bar-Ilan University
Ramat Gan 5290002, Israel
E-mail: beena@biu.ac.il
A. Di Bernardo
Physics Department
University Konstanz
78464, Konstanz Germany

© 2023 The Authors. Advanced Materials Interfaces published by 
Wiley-VCH GmbH. This is an open access article under the terms 
of the Creative Commons Attribution License, which permits use, 
distribution and reproduction in any medium, provided the original 
work is properly cited.

Research Article
﻿

1. Introduction

Spin-triplet superconductivity raised great interest for “super-
conducting spintronics”,[1,2] where equal-spin triplet pairs can be 
used to carry spin information with low energy dissipation (while 
in conventional spin-singlet superconductors the Cooper pair has 
zero net spin polarization). This field was based so far mainly 
on hybrid systems comprising superconductors (S) and ferro-
magnets (F). Such unconventional superconductivity was studied 
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were distinctly different from those measured in their interior 
and on the bare superconductor.

Spin-triplet superconductivity and magnetic-like states 
were shown to be induced in a conventional superconductor 
via the adsorption of chiral molecules (ChMs) that are non-
magnetic in solution. This was demonstrated using a variety 
of techniques, including STS,[23,24] transport measurements on 
devices,[25,26] and muon spin rotation/relaxation.[27] The signa-
ture of chiral-induced equal-spin superconductivity was found 
for various superconductors Nb, proximitized Au/Nb bilayers, 
and NbSe2. The ability of such non-magnetic molecules to gen-
erate magnetic-like effects was observed also in other cases, as 
they have shown the ability to magnetize a ferromagnet[28] and 
enhance magnetism in gold.[29] This rich variety of phenomena 
was attributed to the chiral-induced spin selectivity (CISS) 
effect observed in ChMs, in which electron transport through 
chiral electrostatic potentials was shown to be spin-selective.[30] 
A clear demonstration of ChMs acting as magnetic impuri-
ties upon adsorption is that when they are sparsely adsorbed 
on a superconductor (NbSe2) they introduce in-gap Yu-Shiba-
Rusinov states (Shiba states), akin to the effect of magnetic 
impurities.[25] With increasing density, “Shiba-bands” are con-
structed from an array of coupled magnetic impurities on a 
superconducting surface. Even in the case of disorder, as may 
be the case of adsorbed ChMs, above a critical density the Shiba 
states hybridize to form a Shiba-glass system, for which a finite 
net out-of-plane magnetization could induce topological super-
conductivity, supporting chiral edge modes.[16,17,31] As described 
in Ref. [25], when the ChMs were more densely adsorbed on 
NbSe2, STS shows evidence for a collective phenomenon of 
hybridized Shiba-like states manifested by the appearance of 
a zero bias conductance peak that diminishes, but does not 
split, with increasing magnetic field. This observation is con-
sistent with the above prediction of Shiba-bands forming with 
increasing density of magnetic impurities.

It is important to note that the above studies show that ChMs 
act in similar way to magnetic impurities, and consequently 
it is possible that the ChMs/Superconductor system can also 
support edge modes. However, there is no direct mapping 
of the superconducting state that is induced by the ChMs on 
the surface of superconductors. In standard superconductors  
the density of states is high, thus the effect of the ChMs on the 
superconducting state could be hard to distinguish. Therefore, 
we employed local susceptibility measurements to map and 
compare the superconducting state in areas where molecules 

are adsorbed as compared to bare areas. While there has not 
yet been any direct indication for edge-states in hybrid ChMs/
conventional-superconductor systems, such topological edge-
states can cause modulations in the superfluid density that can 
be detected via local magnetic measurements.[32]

Here, we use a scanning superconducting quantum interfer-
ence device (SQUID) microscope as a local susceptometer[33–38] 
to study ChMs islands adsorbed on the surface of Nb or Au/
Nb bilayer films (see Experimental Section for details). Local 
susceptometry provides access to the spatial distribution of 
the superfluid density, allowing a direct investigation of the 
effect of ChMs islands on the superconductivity. On Nb films, 
we observe reduced diamagnetism on the edges of all ChMs 
islands with respect to the bare Nb regions and the interior of 
the islands. In contrast, for the Au/Nb bilayer system, reduced 
diamagnetic response was found all over each island with no 
edge modulations.

2. Results and Discussion

Susceptibility and magnetometry measurements were carried 
out using a scanning SQUID microscope. Figure 1A depicts the 
measurement geometry and Figure 1B details the various com-
ponents of the SQUID. Alternating current in the field coil pro-
vides the magnetic field to which the Meissner response of the 
film is measured using a SQUID pick-up loop. The magnetic 
susceptibility of the sample is proportional to the magnetic flux 
through the pick-up loop per unit current in the field coil (A), 
and thus measured in units of Φ0/A, where Φ0  = h/2e is the 
superconducting magnetic flux quantum, h is the Planck con-
stant, and e is the electron charge.

The samples were prepared using standard e-beam lithog-
raphy and lift-off techniques to define the areas of ChMs 
adsorption on the Nb or Au/Nb bilayer films (see Experimental 
Section for details). The chiral molecules used in this study 
are α-helix L-polyalanine (L-AHPA), and for control experi-
ments we used non-chiral 12-mercaptododecanoic acid (MDA) 
molecules. L-AHPA ChMs have been shown to arrange as 
an ordered monolayer on substrates onto which they are 
adsorbed.[39] Transport measurements performed on a non-pat-
terned ChMs/Nb sample show ≈18% reduction in the critical 
current of the Nb following ChMs-adsorption, but no measur-
able change in the critical temperature (≈8.3 K, see Figure S1, 
Supporting Information). The decrease in the critical current 

Figure 1.  A) Schematics of the measurements configuration: a SQUID scanning over sample comprising islands of ChMs adsorbed on a supercon-
ducting Nb thin film. B) Details of the scanning SQUID device: a pick-up loop at the centre of a field coil. Alternating current in the field coil applies 
an alternating magnetic field to the sample and the Meissner response of the film is then detected by the SQUID pick-up loop (more information is 
provided in the Experimental Section). (B) AFM topographic image showing 4 × 4 µm2 square-shaped areas of adsorbed ChMs (L-AHPA) on an Nb film.
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may be attributed to a smoothing of the pinning potential, as 
previously observed.[40] An atomic force microscopy (AFM) 
topographic image of a Nb film with adsorbed square-shaped 
islands of L-AHPA ChMs is shown in Figure  1C, exhibiting a 
uniform adsorption on all areas. The height of the adsorbed 
areas is 2.3 ± 0.5 nm, as determined from the AFM measure-
ment (Figure 1C), whereas the length of the L-AHPA molecules 
is calculated to be 5.4  nm,[41] implying a single monolayer of 
molecules that are tilted with respect to the normal to the 
surface by ≈65°, a tilt angle that is consistent with a previous 
study.[42] The quality of L-AHPA adsorption on Nb was also con-
firmed using scanning Kelvin probe force microscopy, X-ray 
photoelectron spectroscopy, and contact angle measurements 
(Figures S2–S4, Supporting Information).

Mapping the vortex configuration on a ChMs/Nb sample 
(60  nm thick Nb) can reveal information on the influence of 
the adsorbed ChMs on vortex dynamics. The vortex configu-
ration was recorded after cooling the sample while applying a 
constant magnetic field (Figure 2A). The scanned area consists 
of 2 × 2 µm2 ChMs-islands arranged in a periodic square lattice 
pattern (to the left of the vertical green dotted line in Figure 2), 
and a bare Nb region (to the right), shown schematically in 
Figure  2B (inset). The boundary between the two regions can 
be clearly identified by a simultaneous susceptometry scan 
that shows ordered susceptibility modulations corresponding 
to the adsorption geometry (Figure  2D). The modulation is 
associated with reduced diamagnetism of the Nb around the 
adsorbed ChMs islands, as shown in Figure  3 and further 
discussed below. The vortex configuration in the region with 
the ChMs-islands is strikingly different than that of the bare 
Nb region. Importantly, the vortices in the adsorption region 
form a nearly periodic square lattice, which is rather unique. 
This is demonstrated by the 2D FFT (Fast Fourier Transform) 
images derived from the two regions, presented in Figure 2B,C. 
A clear cubic symmetry is apparent only for the case of the 
ChMs-adsorbed region. Such a vortex array structure signifies 
a pronounced alteration of the pinning-sites configuration fol-
lowing the adsorption geometry,[43] highlighting the effect the 
adsorbed ChMs have on the superconducting properties of the 
Nb substrate. The vortex density is ≈5  ×  1010  m−2, in accord-
ance with the magnetic field that was applied during the scan 

(0.85 G, resulting in a calculated vortex density of ≈4 × 1010 m−2). 
The distance between vortices is ≈2 µm, matching the spacing 
between and the size of the ChMs-islands. This indicates that 
the islands constitute strong pinning sites, probably due to 
reduced superconductivity, as observed on their edges in the 
susceptibility measurements presented below.

Susceptibility mapping measurements performed on a dif-
ferent region of the same ChMs/Nb sample show reduced 
diamagnetism at the edges of the adsorbed islands (Figure 3A) 
with respect to the bare Nb regions and interior of the islands. 
The islands of adsorbed molecules in this study varied in width 
between 2 to 30  µm, and the edge modulations were seen in 
islands in this size range, with no detectable size-dependence. 
An additional measurement on a different ChMs/Nb sample 
showing the same effect is presented in Figure S5A (Sup-
porting Information). It should be noted here that the con-
trast which we observe at the edges could also be explained by 
weak local paramagnetism at the edges that is unrelated to the 
superconductivity. However, in such a scenario, the paramag-
netic signal should also be observed above the superconducting 
critical temperature (TC ≈ 8.3  K), when superconductivity-
related signals are absent. The lack of such signal above TC, 
as demonstrated by Figure  3B, indicates that the edge effect 
is exclusively related to the superconducting properties of 
the hybrid ChMs/Nb region. However, it is possible that a 
paramagnetic signal related to an emergent unconventional 
superconductivity contributes to the edge effect, possibly along 
with the reduced diamagnetism, as we discuss below. More-
over, since the adsorption of ChMs on Nb within each island 
is uniform (as shown in Figure  1C), we can suggest that the 
edge signal is of a topological origin, most likely relating to the 
unconventional superconductivity that emerges in the ChMs-
adsorbed areas as shown in our previous studies.[23–27] The fact 
that the reduced diamagnetism (and possibly paramagnetic 
contribution) appears mainly on the edges of the adsorbed 
areas is in accordance with previous studies[21,22] of monolayer 
ferromagnetic islands on superconductors, where gap-structure 
modulations (and in particular the appearance of a zero-bias 
conductance peak) were more pronounced on the perimeter 
of the islands. Importantly, the results presented in Figure 3A 
and Figure  S5A (Supporting Information) imply that the 

Figure 2.  A) Magnetometry image of 2 × 2 µm2 squares of ChMs adsorbed on a 60 nm thick Nb film, taken at 4.2 K after field-cooling at 0.85 G. The 
dashed green lines in panels A and D mark the boundary between the regions with (left) and without (right) the array of ChMs-islands. A square-like 
vortex lattice is identified in the adsorption region and absent in the bare region. This is reflected in the 2D FFT images of B) the adsorbed and C) bare 
regions, derived from the image in panel A. D) Susceptometry measurement taken simultaneously with the magnetometry scan presented in panel 
A, exhibiting ordered modulation only in the adsorption region, associated with reduced magnetization (see text), assisting the identification of the 
boundary between the two regions. Inset: Schematic of the designed ChMs islands array. Scale bars −10 µm.
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ChMs form a monolayer of magnetic impurities, constituting 
a system similar to the magnetic monolayers studied theoreti-
cally[16,17,31] and experimentally,[21,22] showing the appearance of 
edge-modes. It should be noted that the SQUID images, such 
as Figure 3A, are not free of noise and there are locations aside 
the edges showing signals which are not related to the squares, 
but these are sporadically dispersed and could be associated 
with local sample imperfections.

The relatively large width of the edge modulations (≈1 µm), 
compared to edge-states measured via STS that appear to be 
confined to a few nanometers from the edge,[21,22] is due to a 
combination of the experimental resolution (diameter of the 
SQUID pick-up loop being 1.5 µm in the present measurement) 
and the scale of the measured phenomena (far-field magnetic 
response in our experiment as opposed to atomic-scale states 
measured with a higher resolution STM tip).

A reference sample with adsorbed non-chiral MDA mole-
cules adsorbed on it shows weak modulations in susceptibility 
(Figure  S5B, Supporting Information). This is not sur-
prising, as similar effects of monolayer non-chiral molecules 
adsorption on the properties of superconductor films has been 
demonstrated.[44,45] However, no distinct edge modulations are 
seen. This is in vast contrast to the samples with ChMs adsorp-
tion in which a strong contrast is clearly seen at all edges.

Motivated by our previous STS study that revealed chiral-
induced unconventional superconductivity also on systems of 
ChMs adsorbed on Au/Nb bilayer films,[24] where supercon-
ductivity is proximity-induced in the Au film, we performed 
scanning SQUID susceptometry measurements also for such 
a hybrid system. To that end, L-AHPA ChMs and non-chiral 
MDA molecules were adsorbed in a patterned manner onto a 
3 nm thick gold film deposited on top of a 60 nm thick Nb film. 
A typical SQUID scan for the ChMs/Au/Nb system, presented 
in Figure  4A, shows a nearly uniform reduction of diamag-
netism all over the adsorbed islands with respect to the bare 
Au/Nb regions, with no observable edge modulations. We also 
present in Figure  4B a measurement performed on a control 
MDA(non-chiral)/Au/Nb sample, also exhibiting intra-island 

reduced diamagnetism, although to a lesser extent. Additional 
measurements of the two samples showing similar results are 
depicted in Figure S6 (Supporting Information).

To explain the observations on the Au/Nb bilayers, we note 
that both the chiral L-AHPA and non-chiral MDA molecules 
adsorb to the Au surface via a thiol-Au bond, which is known 
to induce weak magnetism in the gold.[46–49] This effect can 
account for the reduced diamagnetism seen on the entire 
adsorption areas for both the chiral and non-chiral cases, 
although the effect is significantly stronger for the L-AHPA 
molecules due to the chirality of the molecules.[29,50,51]

A question still remains as to the lack of reduced diamag-
netism at the edges of the ChMs/Au/Nb islands, in particular 
when triplet-pairing superconductivity was found[24] in this 
system. To explain this, we note that while edge-states are pre-
dicted to exist in a system comprising a magnetic monolayer on 
top of a superconductor, no such edge-states are guaranteed to 
exist for the case of a 3D magnetic layer on a superconductor. In 
the ChMs/Nb systems, the ChMs layer behaves as a monolayer 
of magnetic impurities, as suggested in a previous study,[25] and 
the signature of edge-states is indeed seen in the susceptometry 
scans. However, in the case of Au/Nb bilayers, the magnetized 
Au behaves as a 3D “bulk” magnetic layer above the supercon-
ductor. Such a system is no longer described by the theory of a 2D 
Shiba-glass system and does not necessarily support edge-states.

This outcome is demonstrated also by a similar suscepti-
bility contrast seen on ferromagnetic Ni islands (thickness, 
7  nm) deposited on an Nb film (Figure  4D,E) that shows no 
measurable edge modulations. We note that magnetometry 
measurements can clearly detect and map the magnetization 
signal from the Ni islands (Figure 4C), but not from the ChMs 
islands adsorbed on Au/Nb. This implies that even the weak 
magnetism induced in Au is enough to hinder the formation 
of edge-states.

Our results provide the first susceptibility mapping of the 
unique effect that ChMs have on a conventional supercon-
ductor upon adsorption. They also extend the realm of adsorp-
tion-related emergent phenomena observed by conductance 

Figure 3.  Susceptometry images of an Nb film (60 nm thick) with patterned 8 × 8 µm2 squares of L-AHPA ChMs adsorption, taken A) below TC, at 
4.2 K, and B) above TC, at 19.5 K. Some line- and puddle-shaped regions with a weaker diamagnetic reading can be found off the patterns. These are 
related to dragging of non-magnetic particles by the SQUID sensor, yet not hindering the genuine magnetic signal on the edges.
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spectroscopy.[23–27] This can be particularly appreciated with 
respect to the observation[25] that conductance spectra showing 
discrete Yu-Shiba-Rusinov states evolve to spectra consistent 
with chiral p-wave order parameter with increasing ChMs-
adsorption density on NbSe2. Related edge-states can yield 
reduced superfluid density, and our data confirm the exist-
ence of such reduced superconductivity on the perimeter of 
the ChMs-islands. Our results are also consistent with STS 
measurements performed on monolayer Fe islands grown on 
Re,[21] and monolayer CrBr3 grown on NbSe2

[22] (S–F bilayers). 
In both these S–F systems, the tunneling spectra were sig-
nificantly altered at their perimeter compared their interior 
and to the bare superconductor, revealing[21] increased in-gap 
states density or the appearance[22] of a zero-bias conductance 
peak. Our data are also in accordance with the STS study of 
the transition metal dichalcogenide 4Hb-TaS2 that consists of 
alternating stacks of superconducting 1H-TaS2 and strongly 
correlated 1T-TaS2, where evidence for the existence of edge 
modes running along the 1H-layer terminations were found in 
the tunneling spectra.[52] There too, spectra measured close to 
the step edge show a much shallower gap compared with the 
1H plane. All these STS observations are consistent with the 
enhanced susceptibility signal we observe only at the edges of 

the ChMs islands in our SQUID measurements. As discussed 
above, the enhanced susceptibility can signify either reduced 
diamagnetism or emergent superconducting-related paramag-
netic edge-states at the island perimeter, or a combination of 
both. Paramagnetic edge-states have been theoretically pre-
dicted to exist in some superconducting systems (e.g., quasi 1D 
organic superconductors),[53] but were never observed.

Previous studies of ChMs/superconductor systems dem-
onstrated the consequent manifestation of unconventional 
superconductivity and the similarities between the effects 
of ChMs-adsorption to the effects of magnetic impurities on 
the surface of the superconductor. These observations sug-
gested the possible existence of topological superconductivity 
in the ChMs/Nb system. Our work here, revealing suscepti-
bility modulations situated on the edges of islands of adsorbed 
ChMs, agrees with the scenario of edge-states confined around 
the islands and provides visual support to it. The presented 
“designer material” of patterned hybrid ChMs on a super-
conductor studied here provides a promising platform for 
achieving patterned unconventional superconducting regions. 
This system may also enable to easily control and manipulate 
the geometry of the edges-states by selective adsorption on 
standard superconducting materials.

Figure 4.  Susceptometry images of an Au(3 nm)/Nb(60 nm) bilayer film with rectangular islands of adsorbed A) ChMs and B) non-chiral molecules, 
taken at 4.2 K. Insets depicting the approximate location of the adsorbed areas to assist identifying the signal. C) Magnetometry image of 7 nm thick Ni 
islands capped by a 7 nm thick Au layer to prevent oxidation (10 × 10 µm2 in area) deposited onto a 60 nm thick Nb film. D,E) Susceptometry images 
of the same area depicted in (C) taken below TC (at 4.2 K) and above TC (at 14 K), respectively.
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3. Conclusion

Reduced diamagnetism, possibly accompanied by para-
magnetism, develops at the perimeter of islands of ChMs 
adsorbed on Nb. This apparent reduction in superconductivity 
is in accordance with STS measurements performed on 
ferromagnetic islands grown on a conventional supercon-
ductor and is attributed to topological superconductivity and 
edge-states. Such states are expected to exist in systems com-
prising a 2D magnetic monolayer adsorbed on the surface 
of a superconductor. Here, we show that a layer of adsorbed 
ChMs acts as a 2D magnetic system, while the free-standing 
ChMs are non-magnetic. Together with previous observations 
of unconventional spin-triplet superconductivity induced in a 
conventional superconductor upon the adsorption of ChMs, 
we suggest that our present results can also be associated with 
the emergence of topological superconductivity in these sys-
tems, although theoretical work examining this conjecture is 
required. Nevertheless, our present work extends the range 
of phenomena related to the unique effects adsorbed ChMs 
have on a conventional superconductor, enabling the manipu-
lation of topological edge-states by selective adsorption, thus 
opening new paths for the realization of shape-controlled 
topological phases.

4. Experimental Section
Samples Fabrication: The Nb (60 nm) and Au(3 nm)/Nb(60 nm) thin 

films were grown onto a SiO2(300  nm)/Si substrate by direct current 
magnetron sputtering in an ultrahigh vacuum deposition chamber with 
a base pressure < 10−8 Torr. Deposition rates of 0.35 and of 0.30 nm s−1 
were used for Nb and Au, respectively. The Au/Nb thin film bilayers were 
grown in the same chamber without breaking vacuum.

Selective adsorption of α-helix L-polyalanine (L-AHPA) 
[[H]-CAAAAKAAAAKAAAAKAAAAKAAAAKAAAAKAAAAK-[OH]] molecules 
(C stands for cysteine, A for alanine, and K for lysine), manufactured 
by Sigma–Aldrich, was obtained by defining micron-scale squares 
and rectangular structures into a poly(methyl methacrylate) (PMMA) 
resist layer, where the Nb or Au/Nb substrates were exposed, followed 
by chemical adsorption of the molecules onto the opened areas via 
an overnight soak in 1  mM solution of the molecules in ethanol in a 
nitrogen environment.[26,27] The remaining PMMA was then removed 
with acetone, followed by cleaning with isopropanol.

Scanning SQUID Measurements: SQUID is a non-invasive magnetic 
flux detector. Using a SQUID as local probe (with a small sensing loop 
or a small SQUID) in a scanning configuration allowed for mapping the 
static magnetic landscape. The probing area of the SQUID is composed 
of concentric pick-up loop (inner sensing loop) and excitation field coil 
(outer loop), as illustrated in Figure 1B.[54] Away from the probing region, 
the field coil and the pick-up loop are shielded using superconducting 
Nb films to avoid capturing signals from field sources that are not under 
the pick-up loop. Alternating currents (0.1–2 mA, with frequencies in the 
range 1–1.5  kHz) were applied to the field coil. The local susceptibility 
response was measured to this alternating magnetic field using the 
pick-up loop. The local susceptibility was measured in units of Φ0/A: the 
flux in the SQUID pick-up loop over the current in the field-coil.[35]

Supporting Information
Supporting Information is available from the Wiley Online Library or 
from the author.
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