Xpjaw = XB — @Xp, and ppp g = pp — Bpe. Because Alice’s, Bob’s and Eve’s operators
commute, we have [xps o, Ppje,g] = [X8,ps], and thus the Heisenberg relation

AxélAu AP%lE.ﬂ = Nﬁ. Defining the conditional variances as V(xg|xs) = minu{Axé‘A’a}
and V(pglpe) = minB{Apé‘E_ﬁ}‘ we obtain V(xgp|xs) V(pslpr) = N2, or, by exchanging x
and p, V(pslpa) V(xplxe) = N§.

Alice has the estimators (x,, pa) for the field (xin, pin) = (xa + Ay, pa +Ap) that she
sends, with (A2) = (A[z,) = 5Ny. Here s measures the amount of squeezing possibly used by
Alice in her state preparation'!, with s = V! for consistency with Heisenberg’s relations.
By calculating (p3) = (V — )N, {p3) = G, (V + X,) No, (paps) = Gy *(p}), we obtain
the conditional variance V(pglpa) = (p}) — |(pApB>|2/<pi) = G, (s+xp) No. This
equation and the constraint s = V! gives V(pglps) = G, V4 Xp) No, and similarly
V(xglxa) = Gy (V™! + x,) No. The bound on V4 is thus obtained by assuming that Alice
may use squeezed or entangled beams, while the bound on Vg can only be achieved if Eve
uses an entangling attack. This reflects the fact that squeezing or entanglement play a
crucial role in our security demonstration, even though the protocol implies coherent
states. Our security proof addresses individual gaussian attacks only, but as the entangling
cloner attack saturates the Heisenberg uncertainty relations, we conjecture that it
encompasses all incoherent (non-collective) eavesdropping strategies.

Experimental set-up

A continuous-wave laser diode at 780 nm wavelength associated with an acousto-optic
modulator is used to emit 120-ns (full-width at half-maximum) pulses at a 800 kHz rate.
The signal pulses contain up to 250 photons, while the local oscillator (LO) power is

1.3 X 10° photons per pulse. The amplitude of each pulse is arbitrarily modulated by an
integrated electro-optic modulator. However, owing to the unavailability of a fast phase
modulator at 780 nm, the phase is not randomly modulated but scanned continuously. No
genuine secret key can be distributed, strictly speaking, but random permutations of Bob’s
data are used to provide realistic data (see Supplementary Information). The data are
organized in bursts of 60,000 pulses, separated by synchronization periods also used to
lock the phase of the LO. The overall homodyne detection efficiency is 0.81, due to the
optical transmission (0.92), the mode-matching efficiency (0.96) and the photodiode
quantum efficiency (0.92). For the critical data at 3 dB loss, the mode-matching efficiency
was improved to 0.99, and thus the overall efficiency was 0.84. We also point out that many
blocks of data were exchanged around the 3 dB loss point, with a typical rate above
55kbits ™.

Secret key distillation

A common bit string is extracted from the continuous data by sequentially reconciling
several strings (‘slices’) of binary functions of the gaussian key elements, applying a binary
reconciliation protocol successively on each bit*'°. Here, we used five slices, each being
corrected either by a trivial one-way protocol (communicating the bits) when the bit error
rate (BER) is high, or by the two-way protocol Cascade’”** when the BER is low. Note that
the disclosed slices are useful for reconciling the remaining slices with less information
leaking to Eve, even though they of course do not yield secret bits as such. In addition,
Alice and Bob encrypt their classical messages using the one-time pad scheme with a
fraction of the previous key bits, or a bootstrap key for the first block. For slices corrected
with Cascade, the exchanged parities are encrypted with the same key bits on both sides*’,
making Eve aware of the differences between Alice’s and Bob’s parities (that is, the error
positions) but not of their individual values. Fully communicated slices are also encrypted,
thereby revealing no information at all to Eve. Still, Eve may exploit the interactivity of
Cascade and gain some information on the final key by combining her knowledge of the
error positions with that of the correlations between Alice’s and Bob’s gaussian values. In
the present protocol, this information is numerically calculated for an entangling cloner
attack, and then destroyed by privacy amplification. This is achieved by appropriate
‘hashing™ functions (see Supplementary Information). The resulting net secret key rate is
then obtained by subtracting, from the raw key rate, the cost of the one-time pad
encryption and the error-position information. Finally, we emphasize that sliced
reconciliation can be made very close to a one-way protocol by increasing the number of
key elements from which the bits are jointly extracted (multidimensional reconciliation®).
This approach was not implemented here, but should deliver an improved secret key rate,
approaching the value from the Csiszar—Kérner formula®"?>.
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Electrically driven semiconductor lasers are used in technologies
ranging from telecommunications and information storage to
medical diagnostics and therapeutics'. The success of this class of
lasers is due in part to well-developed planar semiconductor
growth and processing, which enables reproducible fabrication
of integrated, electrically driven devices>’. Yet this approach to
device fabrication is also costly and difficult to integrate directly
with other technologies such as silicon microelectronics. To
overcome these issues for future applications, there has been
considerable interest in using organic molecules*®, polymers®’,
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and inorganic nanostructures®'® for lasers, because these
materials can be fashioned into devices by chemical processing.
Indeed, amplified stimulated emission and lasing have been
reported for optically pumped organic systems*” and, more
recently, inorganic nanocrystals®® and nanowires'’. However,
electrically driven lasing, which is required in most applications,
has met with several difficulties in organic systems'', and has not
been addressed for assembled nanocrystals or nanowires. Here
we investigate the feasibility of achieving electrically driven
lasing from individual nanowires. Optical and electrical
measurements made on single-crystal cadmium sulphide nano-
wires show that these structures can function as Fabry—Perot
optical cavities with mode spacing inversely related to the
nanowire length. Investigations of optical and electrical pumping
further indicate a threshold for lasing as characterized by optical
modes with instrument-limited linewidths. Electrically driven
nanowire lasers, which might be assembled in arrays capable of
emitting a wide range of colours, could improve existing appli-
cations and suggest new opportunities.

Free-standing semiconductor nanowires, which can be prepared
as single crystals with controlled diameters by metal nanocluster
catalysed growth'*™*, are attractive building blocks for creating
electrically driven lasers because their defect-free structures exhibit
the superior electrical transport of high-quality planar inorganic
devices'>", and because a single nanowire can function as a stand-
alone optical cavity and gain medium. Here we focus on single-
crystal, 80-200 nm diameter cadmium sulphide (CdS) nanowires
that have a wurtzite structure with a [001] growth axis. In general, a
nanowire will function as a single-mode optical waveguide'®
(Fig. 1a) when 1 = (xD/A)(n} — né)o'5 < 2.4, where 1 is a practical
lower limit, D is the nanowire diameter, A is the wavelength, and n,
and n, are the refractive indices of the nanowire and surrounding
medium, respectively. In the case of CdS nanowires (1n; = 2.5,
A = 510 nm, 300K), the minimum diameter needed to support a
single mode is of the order of 70 nm. If the ends of the nanowire are
cleaved, they can function as two reflecting mirrors that define a
Fabry-Perot optical cavity with modes m(A/2n;) = L, where m is an
integer and L is the length of the cavity. Significantly, transmission
and scanning electron microscopy studies show that solution-phase
sonication of CdS nanowires produces a high (>50%) yield of flat
ends (Fig. 1b), indicative of cleavage perpendicular to the [001]
growth direction. These results suggest that a substantial number of
nanowires should function as Fabry—Perot cavities.

The optical cavity properties of the CdS nanowires, which are
central to our use of these nanostructures for lasers, were charac-
terized by photoluminescence measurements at the single nanowire
level using a far-field epifluorescence microscope'®. A typical room-
temperature luminescence image (Fig. 1c) of a CdS nanowire
excited with a tightly focused laser about 15 pm from the nanowire
end shows strong emission at the excitation focus and also promi-
nent emission near the nanowire end. Studies of several nanowires
show that outside the excitation region emission is only observed
from the nanowire ends, thus suggesting that these CdS nanowires
function as waveguides.

To further probe the nanowire cavity properties, spectroscopy
measurements have been made at different regions as a function of
excitation power under uniform illumination. At low power,
photoluminescence spectra recorded from the body exhibit a
broad peak with a maximum at 512 nm and a full-width at half-
maximum (FWHM) of 24 nm (Fig. 1d). The peak maximum is
consistent with room-temperature band-edge emission from CdS,
and contrasts with the deep-level emission at around 600 nm that
usually dominates epitaxial CdS thin films™. Spectra recorded from
the nanowire end at low excitation power showed a relatively
broad peak that was red-shifted about 30 nm relative to spectra
from the body. The observed spectra red-shift is consistent with re-
absorption of band-edge emission within the CdS nanowire cavity.
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Photoluminescence measurements made at higher excitation
powers reveal other important features about the CdS nanowire
cavities (Fig. le). First, the nanowire end emission blue-shifts
towards the band edge as the re-absorption is partially saturated
with increasing excitation power. Second, the end-emission inten-
sity increases superlinearly with excitation power, whereas emission
from the nanowire body exhibits a slight, approximately linear
increase. Third, periodic variations in the intensity, which are
suggestive of the longitudinal modes of a Fabry—Perot cavity, are
observed. For a cavity of length L, the mode spacing, AA, is given by
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Figure 1 Nanowire Fabry—Perot optical cavities. a, Schematic showing a nanowire as an
optical waveguide, and with cleaved ends defining a Fabry—Perot cavity. b, SEM image of
a cleaved CdS nanowire end. Scale bar, 100 nm. ¢, Room-temperature
photoluminescence image of a CdS nanowire excited (low-left corner, power 10 mW)
about 15 wm away from the nanowire end. The white arrow and dashed line highlight the
nanowire end and axis, respectively. Scale bar, 5 um. Inset, an optical image of the
nanowire obtained with white-light illumination. d, Photoluminescence spectra obtained
from the body of the nanowire (blue) and the end of the nanowire (green) at low pump
power (10 mW). e, Spectrum from the nanowire end at higher pump power (80 mW)
exhibiting periodic intensity variation. The period varies from 1.67 to 2.59 nm with
increasing wavelength, which is consistent with the calculated mode spacing for the
18.8 pm nanowire and the dispersion of the refractive index, n(A) (ref. 25). Inset,
end-emission intensity as a function of pump power. The nanowires in d and e were
uniformly illuminated. f, Mode spacing versus inverse nanowire length. Green triangles,
experimental points; red triangle, extrapolation to infinite length; red line, linear fit to these
data. The contribution of n(A) was minimized by plotting the mode spacing at 530 nm in all
cases. CdS nanowires were synthesized at 880 °C by laser-assisted catalytic growth'2-'4
using gold as the catalyst. The resulting nanowire product was dispersed in ethanol, and
sonicated for 30—-60s to produce a high yield of wires with cleaved ends. Room- and
low-temperature luminescence measurements were made with homebuilt
epifluorescence microscopes, where a frequency-doubled Ti:sapphire laser (76 MHz,
~200fs pulses, 410 nm) was used for optical excitation. Spectra were recorded using
a 300 mm spectrometer (1200 linesmm ™" grating) and liquid-nitrogen-cooled charge-
coupled device (CCD) detector. The room- and low-temperature instruments have
spectral resolutions of 0.3 and 0.8 nm, respectively.
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(A2/2L)(n; — A(dn; /dA)) !, where dny/d A is the dispersion relation
for the refractive index. This expression provides a good description
of the observed spacing when the measured nanowire length is
equated with L, and moreover, analysis of similar data from
nanowires of varying length demonstrates that the mode spacing
is inversely proportional to the wire length (Fig. 1f), as expected.
Together these results show that the CdS nanowires form a Fabry—
Perot cavity. From the mode linewidths (background subtracted)
we estimate a moderate cavity quality factor of about 600 at room
temperature.

The observation of sharp modes in the uniform CdS nanowire
gain medium in the superlinear regime is indicative of amplified
spontaneous emission. Significantly, excitation at higher powers,
which was possible in low-temperature experiments, leads to pref-
erential gain in a single mode and the onset of lasing (Fig. 2a).
Measurements of the linewidth dependence on pump power show
an abrupt decrease to a value limited by our instrument resolution
soon after the changeover to superlinear behaviour (Fig. 2b). In
contrast, emission from the nanowire body is broad and approxi-
mately linearly dependent on excitation power, and the background
spontaneous emission saturates in the superlinear regime (Sup-
plementary Information). From the superlinear behaviour we
estimate the threshold average pump power to be 40 kW cm ™2,
although the threshold varies from nanowire to nanowire with the
lowest value to date of around 2 kW cm ™2 at low temperature.

These optical experiments demonstrate that individual nano-
wires can function as Fabry—Perot cavities and support lasing,
although without electrical pumping nanowire lasers would be of
limited technological importance'~. In general, electrically driven
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Figure 2 Optically pumped nanowire laser. a, Emission spectra from a CdS nanowire end
with a pump power of 190, 197 and 200 mW (red, blue and green) recorded at 8 K. The
spectra are offset by 0.2 intensity units for clarity. b, Emission intensity and FWHM of
emission peaks versus laser pump power. The emission intensity from the nanowire body
(blue) maintains a low value and is approximately linear in pump power, whereas the
emission from the nanowire end (green) exhibits superlinear behaviour above 125 mW.
The FWHM (red) has a nearly constant value of about 12 nm at low power, and abruptly
narrows to the instrument-resolution value at high power. Solid symbols correspond to
experimental data and lines are guides to the eye.
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lasing requires efficient electron (n-type) and hole (p-type) injec-
tion into the cavity region. In the case of planar CdS structures, this
has been difficult owing to problems in producing high-mobility
p-type CdS or combining n-CdS with other high-mobility p-type
materials. A clear advantage of nanowire-based structures is the

ability to combine different high-quality materials as desired to
15-17

achieve the required device function
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Figure 3 Nanowire electrical injection laser. a, Schematic showing the cross-section of
the device structure. In this structure, electrons and holes can be injected into the CdS
nanowire along the whole length from the top metal layer and the bottom p-Si layer,
respectively. The devices were fabricated by assembling CdS nanowires on heavily doped
p-Si on insulator substrates (>4 x 10'®cm~2; 500 nm thick), followed by electron-
beam lithography and electron-beam evaporation of 60—80 nm aluminium oxide, 40 nm
Ti and 200 nm Au. One end of the nanowire was left uncovered for emission output from
the device. b, Top panel shows an optical image of a device described in a. The arrow
highlights the exposed CdS nanowire end. Scale bar, 5 um. Bottom panel shows an
electroluminescence image recorded from this device at room temperature with an
injection current of about 80 p.A. The arrow highlights emission from the CdS nanowire
end. The dashed line highlights the nanowire position. ¢, Emission intensity versus
injection current. The intensity increases rapidly above about 200 pA, which
corresponds to the onset of lasing. Inset shows current versus voltage for this device.
d, Electroluminescence spectra obtained from the nanowire end with injection currents of
120 p.A (red) and 210 pA (green). The black arrows highlight Fabry—Perot cavity modes
with an average spacing of 1.83 nm. The green spectrum is shifted upwards by 0.15
intensity units for clarity. e, Emission spectra from a CdS nanowire device with injection
currents of 200 p.A (red) and 280 pA (green) recorded at 8 K. The spectra are offset by
0.10intensity units for clarity. The single peak observed at high injection has a linewidth of
0.8 nm, comparable to the instrument resolution and that observed in the optical pumping
experiments.
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Initial studies of electrical injection into CdS nanowire cavities
were carried out using n-type CdS and p-type silicon (p-Si) crossed-
nanowire structures'>". Transport studies of individual CdS nano-
wires show that they are n-type with doping concentrations on the
order of 10'®-10"°cm > and electron mobilities of about
100cm*V~'s™" (Supplementary Information). Current-voltage
(I-V) measurements made on a typical n-CdS/p-Si crossed nano-
wire structure show current rectification with a sharp forward-bias
turn-on at about 2V, consistent with the formation of a p—n diode
(see Supplementary Information for band diagram of this hetero-
structure). In forward bias, these crossed-nanowire structures
exhibit electroluminescence from the n-CdS/p-Si nanowire cross-
point and stronger emission from the ends of the CdS nanowires,
which is consistent with the CdS nanowires functioning as good
waveguides. Electroluminescence spectra recorded from CdS nano-
wire ends exhibit a prominent modulation in the intensity that can
be assigned to the longitudinal modes of nanowire Fabry—Perot
cavities (our unpublished results), and thus these electrolumines-
cence data are in agreement with our optically pumped data
recorded (Fig. 1) from similar CdS nanowires.

To investigate nanowire injection lasers we have implemented a
hybrid structure (Fig. 3a) in which the n-type CdS nanowire laser
cavities are assembled onto p-Si electrodes defined in heavily p-doped
planar substrates. This structure produces the n-CdS/p-Si hetero-
junction (Supplementary Information) needed for an injection
device. The hybrid structure is analogous to the p—n diodes formed
in the crossed n-CdS/p-Si nanowire devices, although in this case
holes can be injected along the entire length of the CdS nanowire
cavity in contrast to the single crosspoint in crossed-nanowire
devices. An image of a typical device is shown in Fig. 3b. Current
versus voltage data recorded from devices fabricated in this way
show current rectification with a forward-bias turn-on of 2-5V
(inset, Fig. 3¢ and Supplementary Information), which is consistent
with the formation of p—n diodes. The variation in turn-on voltage
is believed to be due to Al,O5 barrier between the metal/CdS contact
and/or oxide at the CdS/p-Si junction.

Images of the room-temperature electroluminescence produced
in forward bias from these hybrid structures (Fig. 3b) exhibit strong
emission from the exposed CdS nanowire ends. Measurements of
the nanowire end electroluminescence intensity versus current
(Fig. 3c) show an initial increase in the intensity at about 90 pA
and then a much more rapid and highly nonlinear increase at about
200 p.A. Significantly, at low injection currents the spectrum of the
end emission (Fig. 3d) shows a broad peak with FWHM =~ 18 nm,
consistent with spontaneous emission, but above the 200 nA
threshold the spectrum quickly collapsed into a limited number
of very sharp peaks with a dominant emission line at 509.6 nm
(Fig. 3d). These sharp peaks emerge from only part of the spon-
taneous emission spectrum and had an average spacing of about
1.8 nm, which is consistent with the Fabry—Perot cavity modes for
the length of the nanowire device. The observation of multiple peaks
versus a single mode is often observed in studies of lasing in planar
devices® pumped close to threshold. Other small, sharp peaks are
also observed and their explanation will require more detailed
consideration of the nanowire cavity. Lastly, the dominant mode
has a linewidth limited by the instrument resolution of only 0.3 nm.
Taken together, these observations provide strong evidence for
lasing from single-nanowire injection structures at room
temperature.

There are several additional points and experiments we have
carried out that deserve comment. First, we believe that injection
non-uniformity, which is due in part to non-ideal CdS/p-Si and
metal/CdS junctions, limits these new lasers. For example, at present
it is not possible to drive the devices substantially above the
observed threshold for lasing, which would allow for better charac-
terization of threshold behaviour and also would be expected to lead
to single-mode output. Second, we have also carried out low-
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temperature measurements on independent CdS injection laser
devices. These data (Fig. 3e) clearly show that the spontaneous
emission spectrum can collapse to a single instrument-resolution-
limited mode that is characteristic of lasing; moreover, these results
are very similar to the low-temperature optically pumped results
(Fig. 2). Our studies suggest that with further improvements in
nanowire laser assembly/fabrication, better optical quality and
greater robustness will be possible. Third, the measurement geom-
etry, in which emitted light is collected perpendicularly to the
nanowire cavity axis, contributes to background signal above the
lasing threshold”' and complicates determination of absolute
current—intensity relationship for the nanowire lasers. We believe
that future studies of these structures with emission collected in an
end-on geometry could provide data of use for developing a
quantitative understanding and improved performance of these
injection lasers.

Our results show that nanoscale injection lasers can be made
from single semiconductor nanowires, and describe a powerful
approach for producing integrated electrically driven photonic
devices. This basic approach, which relies upon bottom-up assem-
bly of the key laser cavity/medium in a single step, can be extended
to other materials, such as GaN** and InP"> nanowires, to produce
nanoscale lasers that not only cover the ultraviolet through near-
infrared spectral regions but can also be integrated as single or
multi-colour laser source arrays in silicon microelectronics and lab-
on-a-chip devices. There are some scientific and technical chal-
lenges that may need to be addressed to realize this potential, such as
the development of more efficient cavities and injection schemes.
We believe that both issues could be addressed at the nanowire
growth stage before device assembly by preparing Bragg gratings at
the nanowire ends through axial composition modulation®, and
using core—shell nanowire structures™ to enable uniform injection
into the active medium/cavity, respectively. By addressing these and
other issues, such as quantifying contributions to optical losses
within the nanowire cavity, nanowire lasers could be developed
into systems that affect several applications for solid-state lasers,
including telecommunications and data storage, and may enable
new applications in highly integrated chemical/biological sensors,
near-field optical lithography, a host of scanning probe microsco-
pies, and perhaps even laser-based surgery with unprecedented
resolution. 0
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The sudden, widespread glaciation of Antarctica and the associ-
ated shift towards colder temperatures at the Eocene/Oligocene
boundary (~34 million years ago) (refs 1-4) is one of the most
fundamental reorganizations of global climate known in the
geologic record. The glaciation of Antarctica has hitherto been
thought to result from the tectonic opening of Southern Ocean
gateways, which enabled the formation of the Antarctic Circum-
polar Current and the subsequent thermal isolation of the
Antarctic continent’. Here we simulate the glacial inception
and early growth of the East Antarctic Ice Sheet using a general
circulation model with coupled components for atmosphere,
ocean, ice sheet and sediment, and which incorporates palaeo-
geography, greenhouse gas, changing orbital parameters, and
varying ocean heat transport. In our model, declining Cenozoic
CO, first leads to the formation of small, highly dynamic ice caps
on high Antarctic plateaux. At a later time, a CO, threshold is
crossed, initiating ice-sheet height/mass-balance feedbacks that
cause the ice caps to expand rapidly with large orbital variations,
eventually coalescing into a continental-scale East Antarctic Ice
Sheet. According to our simulation the opening of Southern
Ocean gateways plays a secondary role in this transition, relative
to CO, concentration.

Antarctica has been located over southern polar latitudes since the
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Early Cretaceous®, yet is thought to have remained mostly ice-free,
vegetated, and with mean annual temperatures well above freezing
until the Eocene/Oligocene boundary*’. Evidence for cooling and
the sudden growth of an East Antarctic Ice Sheet (EAIS) comes
from marine records (refs 1-3), in which the gradual cooling from
the presumably ice-free warmth of the Early Tertiary to the cold
‘icehouse’ of the Late Cenozoic is punctuated by a sudden >1.0%o
rise in benthic 830 values at ~34 million years (Myr). More direct
evidence of cooling and glaciation near the Eocene/Oligocene
boundary is provided by drilling on the East Antarctic margin®
the record of circum-Antarctic ice-rafted debris’, a shift in the clay
composition of circum-Antarctic sediments'’, and the fossil record
of Antarctic vegetation''. Glaciation is believed to have begun in the
East Antarctic interior, discharging mainly via the Lambert Graben
to Prydz Bay, with the Transantarctic Mountains restricting ice flow
towards the Ross Sea until the ice sheets became larger in the Middle
Oligocene®. Palaecogene Antarctic ice sheets appear to have been
temperate, highly dynamic”'?, and paced by Milankovitch orbital
parameters”" in much the same way as the Quaternary ice sheets of
the Northern Hemisphere.

The initial growth of the EAIS near the Eocene/Oligocene
boundary has been attributed to the tectonic opening of ocean
gateways between Antarctica and Australia (Tasmanian Passage),
and Antarctica and South America (Drake Passage), leading to the
organization of the Antarctic Circumpolar Current (ACC) and the
‘thermal isolation” of Antarctica>'*. This notion is supported by
ocean general circulation model (OGCM) simulations, showing
that the opening of Drake Passage and the organization of an ACC
reduces southward oceanic heat transport and cools Southern
Ocean sea surface temperatures (SSTs) by ~3°C (refs 15, 16).
However, although most tectonic reconstructions place the opening
of the Tasmanian Passage close to the Eocene/Oligocene boundary,
Drake Passage may not have provided a significant deep-water
passage until several million years later'”'®. Additionally, these
OGCM simulations lacked realistic atmospheric components, so
the effects on Antarctic climate are unresolved.

Alternatively, declining atmospheric CO, may have played a
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Figure 1 Early Cenozoic ice-free Antarctic topography in metres above sea level. This was
reconstructed from a modern 5-km database®, isostatically relaxed to ice-free
equilibrium and interpolated to the 40-km polar stereographic grid of the ice-sheet model.
Abbreviated place names mentioned in the text are also shown: AB, Aurora Basin; DML,
Dronning Maud Land; GM, Gamburtsev Mountains; LG, Lambert Graben; PB, Prydz Bay;
TAM, Transantarctic Mountains; WB, Wilkes Basin; WL, Wilkes Land.
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