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In this letter we describe the observation of a magnetic field dependent electronic gap, suggestive of

local superconductivity, in the point-contact spectrum of micro-crystalline graphite. Magnetic field dependent

point-contact spectroscopy was carried out at a temperature of 1.8K using an etched aluminium tip. At

zero field a gap structure in the differential conductance is observed, showing a gap of ∆ = 4.2meV. On

applying magnetic fields of up to 500 mT, this gap gradually closes, following the theoretical prediction by

Ginzburg and Landau for a fully flux-penetrated superconductor. By applying BCS-theory, we infer a critical

superconducting temperature of 14 K.
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The possibility of high temperature superconductiv-

ity in bulk graphite-based materials remains an open

question. A number of intriguing observations have been

reported, based on studies of magnetization and electri-

cal transport. These are interpreted in terms of super-

conducting regions, surviving to above room temper-

ature, localized at internal interfaces within the sam-

ple [1]. Elsewhere, it has been shown theoretically that

flat bands at certain interfaces, for example between

inclusions of rhombohedral graphite and stable Bernal

graphite, strongly favor superconductivity [2, 3]. On the

other hand experimental evidence for superconductivity

in a twisted graphene bilayer has been recently reported.

A broad transition in the resistance is observed, with

onset around 1.7 K and zero resistance within experi-

mental resolution at 70 mK [4]. This emphasizes the im-

portance of defects, interfaces and other deviations from

the ideal Bernal graphite structure for the occurrence of

superconductivity in graphite based materials.

In this article, we show the emergence of a super-

conducting state with a Tc of 14 K in micro-crystalline

graphite observed by point-contact spectroscopy. Point-

contact spectroscopy is a powerful technique to probe

the local density-of-states and electronic spectrum of a

metal [5, 6]. Micro-crystalline graphite, Grafoil [7, 8], is

prepared by thermochemical exfoliation and subsequent

recompression, leading to foils of interlinked co-aligned

graphite micro-crystallites. Point-contact spectra were

measured in a Quantum Design PPMS using a home

made spectrometer [9]. By fine tuning the needle posi-

tion and using electrochemically etched aluminium tips
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with typical tip radii of a few micrometers, it was pos-

sible to alter the contact resistance over three orders

of magnitude to ensure a ballistic contact regime. The

general point-contact spectra of graphite follow an al-

most symmetrical v-shape centered at zero-bias. This

v-shape arises due to the semimetallic density-of-states

of graphite [10].

During measurements on micro-crystalline graphite,

we serendipitously found an “anomalous” point-contact

spectrum (see Fig. 1a). At large bias voltages the point-

contact spectrum resembles the v-shape observed in

bulk graphite. However, at lower bias a plateau appears,

spanning ∆0 = 4.2meV at zero field. Such a plateau is

attributed to a gap in the electronic spectrum, where

the density-of-states goes to zero [11]. On applying a

magnetic field this plateau is gradually suppressed and

vanishing at 450 mT. In Fig. 1b the magnetic field de-

pendence of the inferred gap size is shown.

As proposed in [9], the magnetic field dependence of

this putative gap is consistent with the suppression of a

superconducting gap. The experimental gap (Fig. 1) fol-

lows the magnetic field dependence of a fully field pene-

trated BCS-superconductor, where the superconducting

domains are much smaller than the London penetration

depth [12–14]. The theoretical magnetic field dependen-

cies of field penetrated superconductors are plotted for

different ratios of the superconducting domain size d to

the London penetration depth λ. As the magnetic field

penetrates a superconductor only on the length scale of

λ these effects become prominent when the supercon-

ducting domain size and London penetration depth are

of equal size. As can be seen our data is best fit by

the theoretical curve for d/λ ≈ 0, which corresponds to
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Fig. 1. (Color online) (a) – Shows the point-contact spec-

tra of the superconducting sweet-spot at 1.8 K in zero and

500 mT field. (b) – The magnetic field dependence of the

inferred gap ∆ renormalized by its zero-field value ∆0(T )

and critical field µ0Hc = 450mT. The dashed lines are the-

oretical predictions for BCS-superconductors in the limit

of a fully field penetrated superconductor [12, 13]

almost complete suppression of the Meißner effect. As-

suming the observed state is a BCS-superconductor, its

critical temperature can be estimated by applying the

BCS-formula, ∆0 = 1.764kBTc, to the measured zero-

field gap. Using ∆0 = 4.2meV, we find that the critical

temperature of the superconducting state Tc ≈ 14K.

This is significantly larger than the value inferred from

twisted bilayer graphene [4].

In contrast to other point-contact spectra on BCS-

superconductors, we do not observe Andreev reflections

within the superconducting gap, proving the presence of

Cooper pairs [15]. The possibility of strongly enhanced

superconductivity in mesoscopic aluminium should also

be considered. However, the observed critical tempera-

ture and gap size is seven times larger than the high-

est observed superconducting gaps in mesoscopic alu-

minium (∆ ≈ 300µeV) [16–18]. It disappears when the

needle is moved to another position. Therefore, we ex-

clude the possibility of aluminium superconductivity.

Crucially in our experiment, Grafoil is a highly in-

homogeneous graphite allotrope, with a large number

of crystal defects. We propose that our measurement

serendipitously revealed a so far unknown crystal defect,

which enables so far unseen high temperature supercon-

ductivity in graphite. Systematic investigations to iso-

late and characterize the microstructure within graphite

responsible for superconductivity are highly desirable,

to complement “bottom-up” studies using graphene. If

room temperature superconductivity is indeed accessi-

ble via this common allotrope of carbon, the potential

impact is significant.
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