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Report:

Although potassium intercalated graphite gk@as discovered to superconduct over 40 years [afdhe
nature of the superconductivity remains controarsiAngle-resolved photo-emission (ARPES)
measurements find “kinks” in the electronic bantiereergies of about 160 meV below the Fermi surface
which are analysed in terms of strong, anisotre@pectron-phonon coupling [2]. This is in direct t@st to
first principles calculations that predict a faraker, and isotropic, electron-phonon coupling Ejd there
have been several suggestions as to why ARPES mnghéstimate the electron-phonon coupling in doped
graphite systems [3]. A precise determination efglidependence of the phonon modes and electron-phonon
interaction in this test-case material should digdtt on the exact mechanism for superconductiwityhis,

and other related graphitic superconductors sucs.Qdoreover since Kghas the same electronic structure
as doped monolayer graphene [2], this study colshl goint the way to inducing superconductivitydimped
graphene systems in the future

Experiment:

KCg samples were synthesized from natural flake gtapdt University College London using the vapour
transport method [4]. These samples were transfeimto a high purity glove box and loaded into a
beryllium dome at the ESRF, which was sealed usidgum wire. The high sample purity was confirmed
using diffraction on ID28. The high energy in-plagraphitic phonons in K&were measured throughout the
a-b plane in reciprocal space.

Results:

The left-hand panel of Fig. 1 shows a typical meagyphonon spectrum at the K-point of the Brillomone.
All the spectra were fitted using Lorentizian fuoos to obtain the measured phonon dispersionepin
the right-hand panel of Fig. 1. The data are pibttethin the graphene Brillouin zone and are coragdan
those of graphite [5]. We observe that the phonori€Csg are significantly softened with respect to thase i
graphite. Currently theoretical calculations of gfenon dispersions are underway at IMPMC, Pahgesé



calculations employ a newly developed theoreticethod [6] that accounts for non-adiabatic electron-
phonon interactions, which have been shown to [poitant in doped graphitic systems. Experimentiéy
deconvolved intrinsic phonon linewidths are typigall meV. Currently we can obtain an upper limittbe
electron-phonon coupling contribution to the lindthi, but we wish to compare our results to the ribigeal
calculations in order exclude other contributiomshte linewidth such as anharmonicity and finitermeaitum
resolution.
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Figure 1. Left an example of the measured measured phonon peaks at the K-point of the Brillouin zone, the
experimental resolution is3 meV. Right: The dispersion relations of the KCg phonons compared with those of graphite.

The electron-phonon coupling contribution to themdn linewidth s, for mode v with wavevectorg and
energyay, is related to the electronic density of statethatFermi leveN(0) = 0.6 states/(cell eV spin) and
the electron-phonon coupling constag by [7]

Voo = 2N Q) A, .

APRES obtains anisotropic electron-phonon couplialgies summed over all the phonon modeg=df.2-
0.6 [2]. Using these values we obtain predictedviidths of

%, Ve =17-51 meV

where the sum should be performed over all 27 phanodes. However ARPES suggests that the majority
of the coupling comes from the high energy phononthe region 155-165 meV. The theoretical phonon
calculations are required to determine the numbéndepent phonon modes over which the sum shoeld b
performed, as the experimentally observed phonakgeare likely to correpond to several degenerate
modes. However, the results thus far suggest tieatdal electron-phonon coupling might be signiftba
weaker than is currently thought.

In summary, we have obtained the first measurenoérihe high-energy phonon dispersions in gkC
demonstrating that the phonons are significantfyesed with respect to the graphite phonons froniclvh
they are derived. The phonon linewidth analysisughallow a detailed measurement of the electroonph
coupling as a function af and the different phonon modes, with significanplications for the physics of
doped-graphitic systems. These results will formliasis of a publication, which is currently ingaeation.
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