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Abstract
We investigate the electronic structure of silver nanowires at 1monolayer (ML)Ag coverage on a
vicinal Si(557) substrate by angle-resolved photoemission spectroscopy. Fermi surfacemapping
reveals two-dimensional (2D)Ag-induced electron pockets, which shift to higher binding energies by
n-type doping of the step edges. The electronic structure of the 1MLAg/Si(557) system exhibits
additional 2Dmetallic states near the Fermi level, whichmay originate from substrate induced
periodicities. By considering the confining potential and electronic coherence lengthwe reconcile the
seemingly conflicting views of the dimensionality in this systemprobed by photoemission spectro-
scopy, and the dispersion of collective excitations as detected by electron energy loss spectroscopy .

Introduction

Control of the electronic properties in nanoscale structures is an area of both fundamental and technological
importance. By confining electrons to low dimensions it is possible to induce a variety of phenomena resulting
from increased electronic interactions and quantum effects. This ismanifested in the observation of, for
example, spin and charge density waves [1, 2], metallic quantumwell states [3], metallic two-dimensional (2D)
electron gases on the surface of bulk insulating oxides [4, 5], relativistic Dirac fermions and edge states in
graphene [6], topological surface states [7], andMajorana fermions [8].

Metal wires on semiconducting substrates are importantmodel systems for lowdimensionalmaterials. Not
only do some of these systems exhibit well defined quasi-one-dimensional (1D)metallic band structures [9, 10]
but through variation of parameters such as the terracewidth or by doping, a degree of control over electronic
confinement and interactionsmay be achievable which is difficult to obtainwith bulk 1D crystals such asNbSe3
or the Bechgaard salts [11]. An examination of electronic states at the Fermi level reveals the degree towhich a
system can be considered to be electronically 1D, and probes the effects that arise from electronic localization
and coupling to the bulk environment of the substrate.

Ag on the Si(557) surface at coverages around0.3monolayer (ML) (with respect to Si(111) surface atomdensity
i.e. 1ML= 7.83×1014 cm–2) forms atomic nanowires, however angle-resolvedphotoemission spectroscopy
(ARPES), electron energy loss spectroscopy (EELS) and scanning tunneling spectroscopy all show that thesewires
are semiconducting [12, 13].More recentworkhas focusedonAg/Si(557)wires at a coverage of 1MLofAg [13, 14].
Unlike the 0.3MLatomicwires, at these higher coveragesAg forms a 3 structure, as on the Si(111) surface, but
with a clear real space anisotropy inducedby the stepped Si(557) surface. A strong anisotropy in the plasmon
dispersionobserved along and across thesewires has been interpreted as evidence for quasi-1Dmetallic behaviour.
These collective excitations occur beyond coverages of 0.3ML,where the 3 structure starts to form, and their
emergencewas assigned to electrondopingbyAg atomsor residual gas [14]whichpopulates theAg-inducedbands
and shifts thembelow the Fermi level in a similarway to that observedon theAg/Si(111) surface [15]. The clean,
stoichiometric 1MLAg/Si(557) surface is thought to be semiconducting, onlybecomingmetallic upondoping.

These observations call for an investigation of themomentum-resolved valence level structure; in particular
near the Fermi level.We study this systemusingARPES, startingwith the doping induced transition to the
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metallic Ag/Si(557) ‘nanowire’ structure.We then examine the features at the Fermi level induced by the
terrace/step edge superstructure by comparing the Fermi surface of the flat ´3 3 R30°Ag/Si(111) surface
with that of the 1MLAg/Si(557).

Experimental

As a basis for the preparation of the 1MLAg/Si(557)nanowire structure, a non-faceted Si(557) surface is used as
a template. Si(557)n-type crystals were outgassed at 500 °C formany hours followed by aflashing procedure to
1200 °C. The base pressure in the chamberwas 5×10−10mbar, andwas never higher than 1.2×10−9mbar
duringflashing. The quality of the substrate preparationwas confirmed by LEED. Agwas evaporated at a rate of
around 0.05 ML/minwith the Si substrate held at room temperature. The sample was then annealed at 500 °C
for 10 min to induce the 3 structure. Note that this procedure differs slightly fromprevious work [13, 14],
where Ag depositionwas performed at 500 °C. LEED images of the clean Si(557) and 3 Agnanowires are
shown infigures 1(a) and (b). The evaporator was calibrated using the LEEDphase diagramof Ag/Si(111) and
Ag/Si(557) [13, 16]. Ag/Si(557) is composed of a (111) terrace 3.6 nmwide and step edges with a (113)
orientation as shown infigure 1(c). The size of one full unit is 5.7 nm. After preparation the samplewas
transferred to a liquidN2 cooledmanipulator in a chamberwith a base pressure of 3×10−11mbarwhen cold.
ARPES andXPSmeasurements were carried out on theUE56-PGM1beam line at BESSY II (Berlin)with an end
station employing a SPECSPHOIBOS100 electron analyser. Linear horizontally polarized radiation at a photon
energy of 112 eVwas used, as thismaximized the ARPES signal of bands close to the Fermi level. Fermi surface
mappingwas carried out at 100 K.

Results

Doping effects observed in the band structure
The valence band features asmeasured byARPES of a freshly prepared 1MLAg/Si(557) surface (which includes
around 20mins. exposure to residual gas duringwhich time LEED and transfer to themeasurement chamber are
carried out) and onewhich has acquired a considerable n-type doping are shown infigures 2(a) and (b). The data
are normalized to the sumof the energy distribution curves (EDCs) in order to highlight features near the Fermi
level. In the undoped case, emission from the Si-derived bands is observed at normal emission ( =k 0) and a
binding energy below 0.3 eV. A small electron pocket just below the Fermi level is observed at -Å1.15 1, which is
shifted down towards higher binding energies over the course of a fewhours until a parabolic band is seen as

Figure 1. (a)LEED imageof the clean Si(557); circles highlight the 1×1 structure and the arrowmarks the (weak)×2 intensity producedby
perioddoubling along the step edge, indicativeof highquality surfacepreparation. (b)1 MLAgonSi(557). Solid circlesmark 1×1 structure
as in (a) anddotted circlesmark the 3 spots. Both imageswere takenwith 77 eVelectronbeam.Thedashed–dotted arrowmarks the line
cut positionalong thewire (seefigure 4 and text). (c)Schematic representationof the 1 MLAg/Si(557) structure, from [18].

2

New J. Phys. 17 (2015) 093025 CWNicholson et al



shown infigure 2(b). An electron pocket at normal emission is now also evident. The intensity distribution of the
pocket resulting inhalf of theband appearingmuchbrighter than theother is causedbymatrix element effects
which are further revealed by the full Fermi surface presented below.During the timebetween the twodata sets, no
additionalmaterial was introduced to the system; hencewe assign the changes to residual gas adsorption. The
appearanceof a pocket already in the freshly prepared sample is likely a result of residual gas absorption during the
time taken to check the preparationwith LEEDand transfer to themeasurement chamber. Thus it is likely that the
true 1ML surface is semiconducting. Figure 2(c) summarizes thebandposition dynamics, obtained by extracting

theminimaof the band4 at -Å1.15 1which is shifted by250meVover a period of around 2 h. This time scale is
consistentwith the EELS studyon this system [14]which also reveals residual gas dopingof the system.The Si
bands from the substrate also shift during this time, but only by 80meV (seefigure 2(d)),most likely due to surface
photo voltage induced bandbending.No changewas observed in the LEEDpattern of the sample, other than a
broadening of spots due to reduced surface quality, hence a surface reconstruction can be ruled out as the cause of
this shift. Quantitatively similar residual gas induced shifts were also foundon theAg/Si(111) surface [17].

Wefind that doping by residual gas is accompanied by a small uptake of oxygen, asmeasuredwith XPS5 (not
shownhere). Previouswork has shown that Agmay also be used to dope the semiconducting 1MLAg/Si system

Figure 2. (a)Photoemission image of valence band states recordedwith a photon energy of 112 eV from an freshly prepared sample
showing only a very small electron pocket below the Fermi level at k . States from the Si substrate are also highlighted. (b) Same sample
after 2 h in residual gas pressure of ´ -5 10 11mbar showingwell developed bands. Dotted lines are a guide to the eye. (c) Shift of band
minima at -Å1.15 1 as a function of time in residual gas. (d)EDCs of figures (a) and (b) at -Å0.6 1(± 0.15Å–1 integrationwindow)
revealing the peak at 220 meVbelow EF assigned to atoms bonded to the (113) step edges. The position of the Si bands at

- = - -[ ] Åk 1 10 0.2 1 is shown in the lower panel. Both surface and Si bands undergo a 80 meV shift in the time it takes to dope theAg
bands. Arrows in (a) and (b)mark the fixed k positions at which EDCs are obtained.

4
Band positions were extracted byfitting themomentumdistribution curves with Lorentzian peaks and a constant background. A parabolic

distributionwas thenfitted to the band position in order to obtain the energyminima.
5
Based on our datawe infer that Ag dopingmay require the surface to have already absorbed some critical amount of residual gas.Most

likely thisfinding, which differs frompreviouswork, results from the subtle differences in preparation: whether the sample is annealed
during or after Ag evaporation. Annealing leads to a locally increased pressure close to the sample, andXPS data shows that the surface
oxygen 1 s peak increases after annealing. In addition, the presence of Ag on the surfacewill reduce the uptake of residual gas during the post-
anneal. Residual gas absorption on the bare Si(557) surface has been found to strongly influence the growth of Ag into nanowires or islands
andmay play a role in this system. Such an effect is likely stronger on the Si(557) surface comparedwith the Si(111) surface due to the
increased sticking probability of impurities at step edges comparedwith aflat surface.
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into themetallic phase [14, 15]. Previous XPSwork on theAg/Si surface exposed to oxygen has found additional
components of theO 1 s peak, which are interpreted as surface absorbed or sub-surface oxygen [19]. Amore
recent study suggested oxygen related species can bind at elevated pressure at steps on ametallic Ag surface [20],
whichmay be relevant in the present vicinal system.However a detailed understanding of the reaction
mechanism is beyond the scope of this study.

An additional electronic band is found at 220 meVbelow EF with theminimum in energy centred at -Å0.6 1

infigures 2(a) and (b). EDCs around this value are presented in figure 2(d). Annealing the sample to 600 °C for
15 s removes this state, while retaining around 90%of the surface Ag [14]; we hence assign this feature to a
surface state. This statemay be the signature of (residual gas) atomsweakly bonded to the step edges which
extrinsically dope theAg states on the (111) terraces as proposed in a recent study [18]. Thismodel additionally
predicts a band bending induced by the charges absorbed at the step edges. As previously described, we observe a
rigid band shift of 80 meVduring the time inwhich the Ag pocket is doped into themetallic phase, whichwe
attribute to a band bending effect. Our data appear consistent with the proposed extrinsic dopingmodel.

Agnanowire electronic structure
In order to better understand the electronic structure arising from the vicinal substrate interactionwith theAg
layer, it is useful tofirst consider that of the Ag/Si(111) system. A schematic of the (111) and 3 Brillouin zones
is overlaid infigure 3(a). TheAg/Si(111) Fermi surface has hexagonal symmetry, with anAg-induced electron
pocket appearing at each of theK-points of the (111)Brillouin zone, which are the G -points of the 3
reconstructed Brillouin zone [21]. Thus only Ag states contribute to the Fermi surface. These pockets have
parabolic dispersion below the Fermi level (EF). The pockets are circular in the k kx y plane, but each has a notch
of intensity removed, the exact position of which depends on the energy and polarization of light incident on the
sample. Such a ‘dark corridor’ effect in the photoemission intensity is reminiscent to that observed on graphene
due to the Berry phase [22].

A similar result is obtained on the Ag/Si(557) surface for a fully doped system, as described in the previous
section. Figure 3(a) shows an overview of the Fermi surface, which shows the same electron pockets at the 3

Figure 3. (a) Fermi surface of Ag/Si(557) takenwith 112 eV photon energy. Thematrix element effect which produces regions of
missing intensity is clearly visible. The Brillouin zones of the (111) and 3 (smaller hexagons) surfaces are overlaid inwhite. A slight
uncorrected distortion due tomisalignment causes the pockets towards the edge of the image to appear non-circular. (b)Cut in energy
andmomentum through the Fermi surface along [−1−1 2] (perpendicular to the wire direction) at- -Å1.3 1 in (a). Two dispersing
states are observed, which are assigned as theAg/Si(111) surface state at the 3 Brillouin zone centre and a replica of this. (c)Energy
andmomentum cut along [−1−1 2] at -Å1.3 1. Thewhite curves arefits to theMDC spectra in a 100 meVwindow around the Fermi
level.
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Brillouin zone centres as on the Ag/Si(111) surface. The position of normal emission is rotated by 9° compared
with that of aflat (111) surface, corresponding to themiscut direction required to produce the vicinal Si(557)
surface. Themeasurement presented here is from the secondBrillouin zonewith the scale referenced to the
centre of the zone.

In addition to the Ag-induced features from the Si(111) surface, intensity at the Fermi level is observed
between the Ag pockets in the nanowire structure. These weak features have a circular intensity distribution
and generally appear similar to the (111)Ag states. The energy versusmomentumbehaviour of these
additional features is displayed in figures 3(b) and (c). Electron states are seen to disperse towards EF in a
parabolic fashion. Despite being weaker in intensity and sitting on top of a larger background the similarity to
the (111) states is clear. These observations were reproduced on different substrates prepared on
different days.

As is evident from the position of the replica bands, these states are shifted inmomentum along both the [−1
−1 2] and the [1−1 0] azimuths. The value of the shifts are extracted by analysis of line cuts through the Fermi
surface along the two azimuths as presented infigures 4 (a) and (b). Along the [−1−1 2] directionwe obtain a
shift vector of -Å0.15 1while parallel to thewires along [1−1 0]we obtain -Å0.38 1.

In order to further confirm these as shifted replica states, figure 3(a) is representedwith a different colour
scheme and changed contrast asfigure 4(d). This image clearly reveals a number of circular replica pockets,
additional to the pockets found on the Ag/Si(111) Fermi surface.

Perpendicular to the nanowires theUmklapp vector of -Å0.15 1 corresponds closely to the value expected
for the interwire distance resulting from the 5.7 nmperiodicity. This suggests some amount of inter-wire
coupling exists in this system.However considering the very weak intensity of these replicas comparedwith
themain electronic states, we would interpret this tomean that such coupling is very weak. A similar scenario
is observed in Pb/Si(557) nanowires [28], or onCu andAu vicinal surfaces [26]. As will be discussed further
below, the short electronic coherence length in this samplemeans that inter-wire couplingmust be low.

The value of -Å0.38 1 is very close to 1/3 of the 3 Brillouin zone size of -Å1.1 1. Our LEEDdata also reveals
a 1/3 periodicity as presented in the line cut figure 4(c). Thus is suggestive of a real space super-periodicity along
the [1–1 0] direction i.e. along thewires. STMwork on this systemhas shown the step edges display a
characteristic triangular roughness [13]which results in a ‘zig-zag’ structure due to the ´3 3 structure
formed byAg on the Si(111) terraces. Such a periodicmodulationmay be responsible for the shift of the Ag
replica along the [1–1 0] azimuth via the transfer of a reciprocal lattice vector. However, it can be difficult to
directlymatch this periodicity with that observed in the STM, as the exact nature of the step edges depends on
the preparation and varies from sample to sample.

A sharp feature inARPES additionally requires structural homogeneity on the length scale of the probing
light beam, because of the incoherent superposition of spectral features from the sampled region.However, due
to the roughness of the step edges as imaged by STM [13], replica features are strongly smeared out as clearly
observed in our data.

A schematic of the Ag/Si(557) Fermi surface is presented infigure 4(e).

Discussion

This brings us to the discussion of the relation between the strong anisotropy in the plasmon dispersion along
and across thewires seen by EELS [13], suggesting a 1D confined behaviour of collective electronic excitations,
and the electronic band structure of the ´3 3 terrace structures as revealed byARPES, which appears to be
dominated by features stemming from a 2D electronic structure.

These seemingly contradictory observations go to the heart of what itmeans for a system to be considered as
1Dor 2D and raises the question:What is the relevant spatial scale probed by different experimentalmethods?

An important point is that there is a conceptual difference between 1D behaviour of collective
excitations, and the dimensionality of metal-induced electronic surface states: the 1D behaviour of collective
excitations as observed by EELS does not imply that the electron quasi-particles on the terraces themselves
experience a 1D potential. Indeed we find no evidence for either 1D dispersion, or quantum confined states
in our ARPES data. One of the regular applications of ARPES is to identify two-or three-dimensional
extended (Bloch) states. Such extended systems may give rise to very sharp intrinsic line-widths in
photoemission as in Cu(111) [35]. Additionally, confined states perpendicular to the step edges in terraces as
large as 5.6 nm in Au(23 23 21) are observed in ARPES [34]. This implies that the reason we do not observe
quantized states is not due to a limitation of the ARPES measurement itself, but rather it is an intrinsic
property of Ag/Si(557).

A key concept in such systems is the potential barrier experienced by electrons at a step, calculatedwithin a
1DKronig–Penneymodel. For rather weak edge potentials electronsmay propagate acrossmany steps, resulting
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in superlattice replicas spaced by the step periodicity, while a strong potential confines electrons to a single
terrace resulting in quantumwell states appearing perpendicular to the step potential. At intermediate values of
the step potential as in Au(887) it is possible to observe both effects simultaneously such that one observes a
superlattice replica with band gaps due to 1D confined quantumwell levels. In Ag/Si(557)we observe clear
replicas, but no signatures of quantum confined states. This implies the strength of the edge potentials is rather
low. It is possible, however, that any confined state behaviour is obscured by the structural inhomogeneity of the
nanowires. The edge potential should be rather homogeneous in order to produce a coherent signal—a variation
in terracewidth has been seen to contribute to the apparent 2Ddispersion in photoemission fromCu(443) and
Cu(665) [27]. From a structural point of view the Ag/Si(557)nanowires exhibit a considerable edge roughening,
as imaged by the STMdata infigure 3 of [13], whichmay broaden spectral features in ARPES and hide evidence
of a gap opening. Thus it is possible that confined states exist, but are not resolved in ourmeasurements. This
would be consistent with potential barriers of the order = -U b 2 30 eVÅ, as in Au(887) andCu(10 10 11) or
even 10 eVÅ, as in Au(23 23 21). Unfortunately the lack of clear band gaps due to confined states, or a suitable
flat surface reference state prevents us from extracting the absolute step potential in our data.However, by fitting
the dispersion of the band at the Fermi level with a parabola and extracting the effectivemasswe are able to

Figure 4. (a)Cuts through the Fermi surface shown in figure 3 along the [−1−1 2] direction at- -Å1.6 1 through theAg pockets (solid
blue curve) and at at- -Å1.3 1 through the replica state (×10) (red dots and black fit curve) revealing an offset inmomentum. (b)Cuts
along the [1–1 0]direction. Bluefilled curve taken at -Å0 1 through theAg pockets, red dots and blackfit at- -Å0.15 1 centred on the
replica states. Positions of cuts are shown in (d). (c)Cut through the LEED image offigure 1(b) revealing a 1/3 ( -Å0.4 1) ( -Å0.025 1)
periodicity along thewire direction. (d) Fermi surface as infigure 3(a), with a colour scale chosen to highlight the replica pockets and a
schematic Fermi surface showing the replicas (dotted circles) and the pockets that are the same as theAg/Si(111) Fermi surface (full
circles). Dotted lines show the position of line cutsmade infigures 3(a) and (b). (e) Schematic Fermi surface for Ag/Si(557). States
which are the same as on theAg/Si(111) Fermi surface are shown as solid yellow circles, while replica states are presented as dotted
circles. (f )MDCat the Fermi level as infigure 3(b). The FWHMas extracted from a 4 Lorentzianfit is shown; from this the coherence
length is estimated (see text).
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estimate the step potential6.We estimated a value of =U b 50 eVÅ for the step potential. As a comparison,
micro-conductivitymeasurements at the Ag/Si(111) surface found a potential ofU0b= 10 eVÅ at a single
atomic step [36]. Our estimated value is consistent with a system inwhich superlattice replicas and quantum
confined states coexist. The fact that we do not observe any quantum confined statesmay be the result of the step
edge roughness as described above.

A second important quantity that should be considered is the electronic coherence length. This length is
related in part to the number of defects or adsorbates on the surface, which act as scattering centres for electrons,
and is reflected in the linewidth of a photoemission signal. This is particularly important in hetero-systems of
metals on a semiconducting substrate where surface electrons aremore effectively confined to 2D than at the
surface of ametal single crystal, inwhich electronsmay also be scattered perpendicular to the surface. The
possibility of scattering into the bulk results in a small probability amplitude for back-scattering signal hence
such features on noblemetal surfaces are often rather weak, despite the fact that the coherence lengths are very
long.We extract the intrinsic linewidth of the Ag states fromour data, by fitting themomentumdistribution
curve at EF along [−1−1 2]with Lorentzians in order to extract thewidth of the curve. TheMDCand Lorentzian
fit are presented infigure 4(f). From this analysis we estimate a value of 6 nm for the coherence length. This value
implies that rather weak inter-wire interactions are possible, consistent with our observation of weak replica
states. In a closely related system, Pb/Si(557), which hasmuch shorter terracewidths,multiple replicas at the
Fermi level are observed [28]. The stronger signal comparedwith that observed in our data suggests a larger
back-scattered probability due to the electrons being able to propagate over, and interact with,multiple steps
due to the shorter terrace width.

The fact that confined plasmon states are observed by EELS suggests that the confining potential is stronger
for plasmons than it is for electrons. It is not straightforward tomake a quantitative comparison between the
scattering behaviour of single particle excitations, as observed inARPES, and collective plasmon excitations, due
to the different decaymechanisms i.e. recombination for single particle excitations and generation of electron
hole pairs for plasmons. It is clear, however, that at these longwavelengths the step edges act as strong reflectors
for plasmons so that standingwaves across individual terraces can be detected by EELS.

A plasmon is a collective property of the electron gas. By virtue of being collective, such an excitation causes
displacement of all electrons involved (within the coherence length of this excitation). If the excitation is
confined to a region of the order or smaller than its ownwavelength e.g. in a nanoparticle or perpendicular to a
nanowire, all electrons participate in the excitation. A simple estimate of the surface plasmonwavelength from
EELS data for the Ag/Si(557)nanowires provides a value around 3 nm: very comparable to the terracewidth7.
Thus the collectivemode extends throughout the entire terrace. Due to their comparatively longwavelength,
plasmons are less sensitive to atomistic defects, andmay not strongly experience the edge roughening intrinsic to
this system, thus experiencing only the averaged step potential. Thismay explainwhy confined states are
observed in EELS, and not inARPES.

It is interesting to consider the related features of other nanowire systems since these considerations are
clearlymore generally applicable.

ARPES clearly observes 1D features in the electron density induced bywell separated single atomic chains as
in the (4×1) reconstruction of In/Si(111), Au/Si(557), or by double chains in Au/Si(553) andAu/Si(775)
[9, 24]. Another similar surface, the 5×2-Au/Si(111), reveals an unusual continuous 1D to 2D transition in a
surface electron band, with a Peierls gap at the Fermi level [39]. However, a very different situation arises for Pb/
Si(557) close to 1 ML coverage. Due to uncovered step edges, this structure still consists of well separatedmini-
terraces, but the ARPES signal is already essentially 2D, with a substratemediated interaction producing replica
states at the Fermi level [23, 28]. Onlywithin 50 meVbelow EF does a quasi-1Dband gap become visible [29].
The step potential was estimated for this system as 60 meV [28], which implies a rather weak potential.

Plasmonic excitationsmeasured by EELS, as in Ag/Si(557), reveal quantized effects suggestive of quasi-1D
character [13, 25]. One explanation for the anisotropic plasmon dispersion, suggested by time-dependent
density functional theory, assumes that a single dipole field confined to a terrace leads to quantized energy states
of the plasmon oscillations across thewire direction [31, 32]. This would result in discrete energy losses
perpendicular to thewires as found in a number of systems, including Ag/Si(557) [13, 25, 38]. However no such
confined states are found on the (4×1)-In/Si(111) or Au/Si(557) systems, which implies these atomically
narrow chains are unable to support collective oscillations perpendicular to the chain.

6
In the tight-binding limit of theKronig–Penneymodel = -( ( ))E J ka2 1 cos where p=J m a U22 2 2 3

0, where a is the interwire
distance. By approximating a parabolic dispersion near the bottomof a sinusoidal band such that » -( ) ( )ka kacos 1 22 this allows us to
write * p=m m aU 22

0
2 2 by comparison to a free electron dispersion and hence estimateU0.

7
From the previously published EELS data it is known that plasmons disperse up to -Å0.19 1 along the [1−1 0]direction. This corresponds

to a real space value of 3.3 nmwhich results in the quantization of states along [−1−1 2]. Hence using the plasmonic losses along [−1−1 2]
is not appropriate for determining thewavelength of the dispersing plasmons.
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Summary

The Fermi surface of the 1 MLAg/Si(557) ‘nanowire’ structure exhibits a smallmetallic pocket at the Brillouin
zone boundary as observed by angle-resolved photoemission. This is likely the result of residual gas doping of the
surface. Filling this band by electron dopingmoves it to higher binding energies by several hundredmeV.We
find evidence of a surface statewhich supports the existence of step-edge bound residual gas atomswhich dope
the Ag states on the (111) terraces, supporting a previously suggested extrinsic dopingmechanism. In the fully
doped phase we observe replicas of 2DAg pockets whichwe suggestmay result from an interactionwith the
anisotropic substrate which underlies theAg phase.

By our analysis of the confining step potential, and the differing sensitivity of EELS andARPES to disorder,
we reconcile the apparent discrepancy between EELS andARPES data in this quasi-1D system. Such
considerations will be important when considering the application of low dimensional systems to device design.
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