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The texts in sections 1 & 5 are by Lily Pagano.

In chapter two we borrowed a few words from
the book, Dark Shadow, by Gilbert and George.

Keats, Shakespeare and Coleridge make a brief,
but striking appearance together in section four.
John Ashbery & Jonas Salk also speak in unison.

In chapter five we borrowed a few words from
T. S Eliot, The Love Song of J Alfred Prufrock.
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tion
ning Tunnelling Microscope (5 invented by
| in 1982, is a high-resolution micro-
scope C« a scanning tip used to image the sur-
faces of materials by means of a tunnelling current. Tun-
nelling is a quantum mechanical effect that describes a

particle’s ability to penetrate classically forbidden regions
in space.

An STM utilises electron tunnelling to obtain atomic-scale
images of surface materials, with an ‘unprecedented resolu-
tion’ ~ L in the lateral direction and a perpendic-

! ive to the sample [2]. An atomically
sharp conducting tip, typically made from Pt/Ir [3] and
controlled by piezoelectric drivers, is to a con-
ducting sample and electrons tunnel throug <1 insulating
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gap such as vacuum [1], air [4] or water [5].

n a bias voltage is applied b+ een ti] | samp]
shown in Figure 1(a) , an electrou is able to tunnel across
the i i 2 net electron current kn as
the t lling current, I, explained in Figure 1(b). The

tunnelling current is propor! onal to the integrated density
of states (T'7)S) between the Fermi level a1 1 applied bias
voltage, Burdeen’s [6] formulation of which is:

47 2 0
I~ TP ) [ psteae 1)

==€:

where pr g is the DOS of the tip and sample respectively,
and M is the tunnelling matrix element [6] given by:

M, == v — XoVu)dS (2)

where me is the eleetre
of the electrodes.

«» and 1, are eigenstates

Applying (1) to STM, Teérsoff and Hamann [7] found an
expression for 7 i1 the limit of low bias and zero teipera-
ture:

Tixe ™ 3)

where d is the barrier width and k is:

k= V2m(%_E) (4)

h

E > energy of the tunnelling particle. I, therofore, is
localised to the tip apex — the point where the sai e and
tip are closest. K eceping the current constant by means of a
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Figure 1: (a) Basic schematic of a. 51M (b) . simple
square bar explaining the basic physics of an STM.
When the tij 1 sample are cl gether their wvave-

functions, v, and ¢, may overlap as they decay in'o the
barrier, allowing current to flow.

fecdback 1oop as the sample is scanned . allows tlie surfac
contours to e followed - nd topography to be imaged.

nig’s use of a vacuum & & ‘tunnel barrier instead of
the metal-insulator-metal sandwich structure previously
uced 8] introduced subsARESErom resolution and paved
the way a ‘deeper and det led | nders reg-
ular surface structures™[IIIERNES e | ossible ‘o ima
‘surface topographies f an atomic scale directly i real
space’ [1], and the use of & local probe meant that, for the

st tine, ‘non-periodic structures’ [9) cou! ' also be im-
aged.

\ s foundations lie - o deeper study of regular
surface structures [10] ©10 . investigation of irregular
structures, si mono-atomic steps [11] and « nple de-
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fects [12], the STM has becc e an i nt rese:
tool. A basic extension of the STM is its ap ication tc
‘yield spectroscopic information’ ] ¢ 'h scanning tun-

nelling spectroscopy (S7°) By varyiug the bias voltage,
I(V') spectra are obtained from which electronic informa-
tion can be extracte. since the differential conductivity,
-{‘?—‘I,, is proportional to ‘al density of states (L.DOS). It
became possible for the logal ronic structure of met-
als [13] and semiconductors Be probed on an un-
precedented scale. )

STM, however, neglect * 5 ! tunnelling electrons.
Utilising a spin-polarised tip, a spin-polarised STM (SP-
STM) ¢ use! to image both the topography and mag-
netic order in a material [15], and w - first proposed by
Pierce | 1988. This introduce opportunity to
study magnetism o1 the atomic scale. I'M is a funda-
mental research ta ne t e a alyse
surface magnetisa . on, throigh direct visualisation of
spin-structures at the atomic-scale. lerstand
magnetic phenomena, spin structures in maoials should

be studied at the atomic scale [17].

I. Spin-polarised “TM
\. Brief Background

['he principle o STM i zing is ‘based on the funda-
mental properts ferromagnetic and antiferromagnetic’
[1 terial he ; spin-split i'o majority and

mino: ity states, and a net imbalance be'cen the elec-
tron occupation of both leads o magnetic moments in the
atoms. This imbalance caises a spin-polarisation in the
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material, ¢ means
there is idence ¢ ¢ tunnelling
current. curi ated as the sum of two
spin char 5, demonstrated in Equation §, were it may
b umed that electrons d flip their spin when tun-
nelling.
2 [° T g 4 1
1= Ty M [ [phe eV )pp(e)tpsleeV)of ()de
=€,

(5)

T/1

pr.5(€) is the spin up or down DOS, th number of spin u;
states per unit energy o ! volume in the tip or sample. Ii
the tip D° * is approximately constant in an energy range
around the Fermi level, the SP-STM probes the 'ncal spin
DOS in the sample.

= 6
NT+N¢ ()

w re N is e spin-split DOS and 1 / | denote majority
and minority states.

'M imaging to occur, it is important to first
a spin-polarised tif his allows access to the spin-
polarisation « e sample surface. Tips can be mad: from:

(i) Bulk magnetic material

(ii) Non-magnetic material with a thin film cover of
magnetic material

(iii) Non-magnetic material with a cluster of mag-
netic material at the apex

10
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Outlined fully in [17].

1" a magnetised tip i =ed, such that a tip spin-polarisation
exists, t1- size o he tunnelling current is influenced. Jullit
[19] dem ' rated that, when 21 electron tunnels between
two ferromagnets, t' size o/ tunnelling current is in-
flue 1 by the relative orientation of (l.e tip and sample
magnel ons. For parallel orientations of the magneti-
sations, there exist many states “or the electrons to tunnel
into, resulting in a larger (1n o current. | antiparal-
lel orientation, available states - ed moaning the cur-
rent is smaller, shown in Figure 2. This is known as the
Tunnelling Magnetoresistance (TMR) eiicct, outlined
more detail in [13].

11
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Figure ¢ iplified diagram of tunnelling be ) fer-
romagnetic electrodes of spin-split DOS. Spin-orientation
assumed o be conserved. For ( > i ample
gnetisations are parallel, wh ¢ fo ) they are an-

tiparallel [18].

vski [20] treated the T VIR effect 1 e rigorously,
extending Ju'lier-’s model a  considered spin-polarised
electrodes. 1.e dependence < conductance, hen
the current, on the angle 6 between the tip = .d sample

magnetisations was found to be:

I = Iy(1 + P;P,cosb) (7)
where Iy is the spin averaged current and B! ‘e
tip and sample spin polarisations. Slonczev <i’s predic-

tions were experimentally confirmed Hy Mivaz
1], demonstrating the TMR effect at room temperature.

The TMR effect is utilised by 5P 1 1o ‘obtain magnetic
information from t! e tunnelling current’ [18], a' ‘1o same

12
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lateral ato o resolution seen for topographical imaging.

separation o nagnetic and 1 1-magnetic information

tunnelling current must be achieved to image the

topog aphical and magnetic nature ¢ . sample indepen-
dently.

2. I 2 oing Modes

re exist (our principle imaging modes [16], that differ

i w spin and topographic contrasts =~ 1o ST are sep-
arated. Each has been confirmed by experiment [22-24],
and continue to be widely used. T most significant

methods are outlined below.

(i) Constant C. rent Mode
a standard STM to produce real space images of sur-
face topography the tip is scanned slow !y 80vass the “ample-
St and, using a feedback loop, theWertigal position of
' ustantly adjusted by piezoeleetsie drivers such
at current remains constant. W'l lnaging mag-
netic samples using a magnetic tip, changes in the tun-
nelline current due to the TMR effect are compensated

-

for by the feedback loop. This mean at the ‘topo-
graphic image contains information. . . e electron den-
sity and...the spin’ [18], ' o. tle tunnelling current con-
sists of spin-averaged and spin-dependent components.

Fi troduce ! by Wiesendanger et al. 22], this mode
has been 1sed for magnetic imagin atoric-resolution.
Wortn ot )| were able tc leve 1 imate reso-
lutior \gnetic imaging’ [17], t smallest mag-
netic unit cells imaged were tho stomic layers
of M1 Fe [ 7] epitaxially grown on W(110).

Th ode, hwever, only achieves mixed spin and topo-

13
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graj imaging, not allowing the spin to
rectly

‘pectroscopic ' ‘ode

1own as spin-polarised S5 ( ), this mode
uses the fact that spin-polarisation o sample DOS is
a function of energy. The spin and toporra; informa-
tion can, in most cases, be separated. this mode the
differential conductance, dI/dV, is meas: od a- . function
of bias voltage, V', and spatial coordi 5, (z,y), whilst
the tip-sample distance i t constant. Corresponding
v ctra are ob'~ined, from which spin information
C d as casured quantity is energy-resolved
spin-polarisation. io et al. [28] were able to obtain
spin-contrast usin peak height of dI/dV related to
the minority surf: ate of 7 2t a bias voltage near the
sample Fermi level. Simila ‘amasaki ¢t al. [29] ob-

tained the lateral variations in the peak height of dI/dV
when imaging Fe, which reflect the magnetic closure do-
mains in the sample nanostructure.

SP-STS also allow atomic-scale spatial resolution, first shown

by resolving antiferromagnetically ordered atomic layers of
Fe epitaxially grown on W(001) [27]. Sampl lited
for this imaginENMEEES those with a DOS and spin-
polarisation that vary strongly 1 bias voltage. These

include thin films with quantised states, or surfaces with
surface states [17].

C. Co islands on Cu(11

Ultra thin magnetic films, e ©xiallv grown on substrates,
are widely researched due t ir unusual magnetic prop-

14
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erties — oo piant magnetoresistance or enhanced mag-
netic 1 oments. Co island: on Cu(111) are m« 1 systems
for magnetic investigations [30], appealing duc to their

spin-polarised electronic states near the Fermi level.

Cobalt islands on Cu(111) were found ake the form of
bilayer triangular slands [31,32] wi bottom Co layer
submerged int 1) surface |23]. Two island ori-
entations, rotated vy 180° with r h other, were
initially identified using STS [31, 34] ified in
terms of a faulted o mfaulted stackmg 0 relation

o the Cu(111) structure,

The island types were f d i eir electronic,
chemical and magnetic propert1es which de ond on the
island structure [o0]. Vazquez [3] 3TS
at a positive sample bias voltage, faulted 1sla.nds present;
a higher tunnelling conductance ¢t 1o unfaulted is-

lands. rthermore ‘the electronié States responsible for
the enhanced conductance’ [SHIEEENEentified using a
simple theore | model. Pietzsehiswas also able to show

that electronic structure v s ‘stacking-dependent’, observ-
ing ‘strong contrasts in dI/dV maps’ due to the different
cry-tallographic stacking of the islands. Analysis of the
dI/dV spectra for each island type showed a clear differ
ence i urface state peaks, shifting from -0.35V for
unfaulted - ands t0 -0.28V for faulted islands. "This differ-

i to stacking-dependent contrast in spatially
resolved spectroscopic images’ [17].

SP-STM can be used to observe a spin-depend:  contrast,

Co islands demonstrating strong ot of plane magnetic
anisotropy. Four island types can | crved, resulting

15
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Unfaulted Faulted

e two proposed island types. Un-
faulted islands (u) continue POC stacking of the
Cu(111) substrate, whilst faulted islands (f) have a stack-
ing fault — deviating from FCC stacking (often called
HCP). T cking fault is what results in the differing
orientation of the f islands [31].

from the two stacking types : » relative orientations
of the tip and island magnetisations — parallel or antipar-
allel. Further to confirming previous STS results [31, 32],
Pietzscl 1 SP-ST ) distinguish two contrasts
d ifferent magnetic states of the 1slands [36]

previously unavaual fs. Y’ rate
structural and magnetic contrasts in d//dV maps were also

obtained by analysing spin-polariscd spectral curves.

16
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"I he structure-dependent elc tronic contrasts an magneti
dependen’ spin-contrasts may he separated if ¢ struc-
tural ar  spin asyminetries arc calculated as functions of
the bias voltage. If a suitalle bias voltage is chosen s
that structural asymmetry becomes negligible an n
asymmetry reaches a large value — a clear magnetic con-
trast is obser ed.

M re recently, the magnetic characterisation of nanostruc-
tures using SP-STM was achieved WS Tip and sam-
ple contributions to I(V') and dI/dV signals in SP-STM
are, ultimately, coupled. For a reliable study of sam le
properties, tip contributions need to be unde stood in-

dependently [37]. By imaging Co bilayer nanoislands on
Cu(111), the magnetic states of the tip could be charac-
terised quantit: ly. Purtherore, using spin-dependent
dI/dV mapping of Co nanoislands, SP-STS data could be
directly linked the local spin-polarisation in a single
nanoisland. Tle quantitative physical und 1ding of

in textures in nanoislands could ! be further under-

stood {37].

I' . FProject Outline

With the structural, electronic ©nd magnetic properties of
Co islands on Cu(!111) being widely studied in literature
anl confirmed by experiment [3( 34] the imaging of Co is-
lands on Cu(l ') can be used as a control for the SP-STM
system. By comparing the system results for Co/Cu(111)
imaging with those cepted [35,37], the system’s
suitability for spin-polarised imaging can be established.

17
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The available STM system has - vector magnet that can
be use to control the vector nature of the tip and sample
magnetisations. 7 e use of vector magnets in STM is well-

discussed, but rarely used in practise due to th h cost
[37]. The opportunity to use this system will allow the
stu magnetisation of structures in all tlree spatial
directions.

A ethodology

The full  rstem consists of an Omicron Nanotechnology
Cryogenic 5TM attached to a prep-ch
the weights of which are support
vibration isolation. I e load-lock
tiple tips and samples from air to th
The prep-chamber is used for samp »aration in vac-
uum, = wing for sputtering, using an argon ion sputtering
gun lor surface cleaning, and annealing by heating.

The Cryogenic STM will be used ‘o carry out SP-STM
imaging, the schematic « = which is shown in Figure 4 [38].
It features a superconducting vector magnet that can apply
a field of 1T parallel to the sample surface, or 67" perpen-

dicular to the sample surface. A field can be applied when
the STM i at any temperature range between 2K — 350K,
achieved though the use of an Oxford Instruments cryo-
stat [38].

The cryostat contains a 135 !tr tank in which the magnets
sit and are immersed in liquid heliun:  The tank & sur-
rounded b 2 nitrogen jacket, to reduce thermal load
on helium [38], followed by an insulating vacuum spas

The STM is suspended through a UHV tube in 'l mid-

18
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dle o' (he cryostat. A UHV analysis chamber lies directly
underneath the eryostat in ~ which the STM can be low-
ered b means of a z-manipulator (1| ). When lowered, the
STM is held in place by three clamps allowing the use of
a wobblestick for tip aid sample exchanges.

To allow for low temperatures, the STM is raised into the
cryostat. iy raised, thermal doors (12) are shut
sucht s not warmed b ' lie lower chamber.
a helium pot ( ), which is fed
:he main helium tank. The STM
o Liom the helium pot to provide
'« helium flow is controlled using a
\ . . is controlled by a stepped
valve mo mular paces are located between the
helium UHV core, the helium flow through which
is started via a second needle valve (2). The UHV core can
be cooled to 4K, an. the [ to 2K due to its thermal
shielding.

B. Overview

The project is du r 2018 -
March 2019. The table bel i tasks and
a timeline for achieving them.

19



1. Mystification through partial invisibility

Literature Review:
Initial STM Imaging: (
System Cooling

| Octol 20 SP-STA
wary - )¢ SP-STM Imaging
. continuec
Re
[1] G. Binnig and H. Rohs er, “Scanning Tunneling Mi-

croscopy”, Surface Science, Vol 1260 IS8 I=3. pp. 236-
244, 1983.

[2] J.A. Stroscio and W.J. Kaiser, “Theory of Scanning
Tunneling Microscopy” i1 Scanning Tunneling Mi-
croscopy,lst edition, Vol. 27, San Diego, Academic
Press Inc, 1993, Chpl, pp.1-4.

[3] V. Weinstein et al, “A method for preparation of Pt-Ir
tips for the scanning tunneling microscope”, Rev. Sci.

]TZS?‘T”"” Vol.66. N 2075-3076
[4] S. Parl ‘te, “Tunnelling microscopy of
graphite in air”, Appl. Phys. Lett, Vol.48, Issue 2,

pp.112-114, 1986.

[5] J. Ahn and M. Pro, “Comparison of STM Barrier
Heights on HOPG in Air and Water”, Bull. Korean
Chem. Soc, Vol.21, No.6, pp.644-646, 2000.

[6] J. Bardeen, “Tunnelling From a Man~Particle Point of
View”, Phys. Rev. Leit, Vol. 6, No.2, pp.57-59, 1961.

20



1. Mystification through partial invisibility

[7] J. Tersoff and D. R. Hamann, “Theory and Application
for the Scanning Tunnelling Microscope”, Phys. Rev.
Lett, Vol. 50, No. 25, pp.1998 - 2001, 1983.

(8] 1. Giaever, “Energy Gap in Superconductors Measured
by Electron Tunneling”, Phys. Rev. Lett, Vol.5, No.4,
pp.147-148, 1960.

[9] L.E.C van de Leemput and H van Kempen, “Scan-
ning Tunnelling Microscopy”, Fep. Prog. Phys, Vol. 55,
pp.1165 — 1240, 1992.

[10] V.M Hallmark et al, “Observation of Atomic Corruga-
tion on Au(111) by Scanning Tunneling Microscopy”,
Phys. Rev. Lett, Vol.59, pp.2879, 1987.

[11] R.C Jaklevic and L. Elie, “Scanning-Tunneling-
Microscope Observation of Surface Diffusion on an
Atomic Scale: Au on Au(l11)”, Phys. Rev. Lett,
Vol.60, No.2, pp.120-124, 1988.

[12] Wu Zhou et al, “Intrinsic Structural Defects in
Monolayer Molybdenum Disulfide”, Nano Lett, Vol.13,
pp.2615-2622, 2013.

[13] Y. Kuk and P. J. Silverman, “Scanning Tunneling
Spectroscopy of metal surfaces”, J. Vac. Sci. Technol.
A, Vol.8, Noil, pp.289-292, 1990.

[14] B ML Feensira, “A prospective: Quantitative scan-
ning tunneling spectroscopy of semiconductor sur-
faces”, Surface Science, Vol.603, Issue 18, pp.2841-
2844, 2009.

[1! ier, “Spin-polarised Scan-
ning Tunelling Microscopy” in Encyclopaedia of Mate-

21



1. Mystification through partial invisibility

rials: Science and Technology, K. H. J. Buschew et al,
Elsevier Ltd, 2006, pp.1-5.

ised  electron microscopy”,
Phys. Scr, Vol.38, pp.291-296, 1987.

[17] R. Wiesendanger, “Spin mapping at the nanoscale
and atomic scale”, F Vod. Phys, Vol.81, pp.1495-
1550, 2009.

[18] W. Wulfhekeband ). Kirschner, “Spin-Polarised Scan-
ning Tunneling Microscopy of Magnetic Structures and
Antlferroma,gnetlc Thin Films”, Annu. Rev. Mater.
Res, Vol.37, ppi69-91, 2007.

(19] M. Julliere, “Tunnelling between ferromagnetic
films”, Phys. Rev. Lett A, Vol.54, Issue 3, pp.225-226,
1975.

[20] J. C. Slonczewski, “Conductance and exchange cou-
pling of two ferromagnets eparated by a tunneling bar-
r”’, Phys. Rev. B, Vol.39, No.10, pp.6995-7002, 1989.

[21] T. Miyazaki and N. Tezuka, “Giant magnetic tun-
nelling effect in Fe/Al2O3/Fe junction”, J. Magn.
Magn. Mater, Vol, pp231-234, 1995.

[22] R. Wiesendanger and H. J. Guntherodt, “Observation
of Vacuum Tunnehng oi Spin-Polarised Electrons with
the Scaniing Tunneling Microscope”, Phys. Rewv. Lett,
Vol.65, No.2, pp-247-250, 1990.

|23 M. Bode et ol “Spin-Polarized Vacuum Tunneling

into the Excharge-Split Surface State of Gd(0001)”,
Phys. Rev. Lett, Vol.81, No.19, pp.4256-4259, 1998.

22



1. Mystification through partial invisibility

[24] W. Wulfhel r, “Spin-polarised scan-
ning tunneling microscopy on ferromagnets”, Appl.
Vol.75, No.13, pp.1944-1946, 1999.

[25] D. Wortmann et al, “Resolving Complex Atomic-
Scale Spin Structures by Spin-Polarised Scanning Tun-
neling Microscopy”, Phys. Rev. Lett, V Issue 18,
pp.4132-4135, 2001.

[26] S. Heinze et al, “Real-Space Imaging of Two-
Dimensional Antiferromagnetism on the Atomic
Scale”, Science, Vol.288, pp.1805-1808, 2000.

[27] A.Kubetzka et al, “Revealing antiferromagnetic order
of the Fe monolayer on W(001): spin-polarised scan-
ning tunneling microscopy aid first-principles calcula-
tions”, Phys. Rev. Lett, Vol.94, 087204, 2005.

[28] J.A. Stroscio et al, “Tunnelling Spectroscopy of bce
(001) Surface States”, Phys. Rev. Lett, Vol.75, No.16,
1995.

[29] A. Yamas I, “Direct Observation of the Single
Domain Lumt of Fe Nanomagnets by Spm—Polarlqed
Scanning ’I‘unnehng Microscopy”, Phy 1
Vol.91, No.12, 2003:

[30] B. W. Hewmrich et al, “A spin-selective approach for
surface states at Co nanoislands”, Fur. “hys. J. B,
Vol.75, pp.49-56, 2010.

[31] A. L. Vazquez de Parga et al, “Detecting Electronic
States at Stacking Faults in Magnetic Thin Films by
Tunnelling Spectroscopy”, Phys. Rev. Lett, Volume 85,
No.20, 2000.

23



1. Mystification through partial invisibility

[32] J. de la Figuera et al, “Surface etching and enhanced
diffusion during the early stages of growth of Co on
Cu(111)”, Surface Science, Vol.307-309, pp.538-543,
1994

[33] M. @ ersen et al, “Growth of Co on Cu(111):
subsur ace growth of trilayer Co islands”, Surface Sci-
ence, Vol.387, pp.86-101, 1997.

[34] L. Diekhoner et al, “Surface States of Cobalt Nanois-
lands on Cu(111)”, Phys. Rev. Lett, Vol.90, No.23,
p236801, 2003.

[35] M.V. Rastei et al, “Size-Dependent Surface States of
Strained Cobalt Nanoislands on Cu(111)”, Phys. Rev.
Lett, Vol.99, Issue 24, 2007.

136] O. Pietzsch et al, “Spin-Polarised Scanning Tunneling
Spectroscopy of Nanoscale Cobalt Islands on Cu(111)”,
Phys. Rev. Lett, Vo0.92, No.5, 2004.

[37] S. Phark and D. Sander, “Spin-polarised scanning
tunncling microscopy with quantitative insights into
magnetic probes”, Nano. Converg, 2017.

[38] B. E. M. Bryant, “Scanning Tunnelling Microscopy
of Bilayer Manganites”, Doctorate Thesis, Dept. Phys,
UCL, London, 2008.

24



1. Mystification through partial invisibility

Quter Vacuum Can
UHV

‘ Magnet
®
=
7
l 1
(@
STM in
ST™
UHV lowered
chamber position
1. Aulo Needle Valve for STM 6. Manual needlc ulve control
Helium pot 7. Helium siphon port
2. Manual needle valve for

8. Pumping port for STM
helium pot (KF 25)
Auto needle valve motor
10. Helium vent port (Large KF)
11. Z manipulator

12. Thermal doors
(2xKF 16)

9.

25



As the unfolding of the universe, pulled by
the mists of space and time, starts to stretch
and slide, it soon begins to liberate the
shadows that allow light figures to dance.
Nothing should now persuade the physicist
to look upon this scene with normal senses.
Cosmic mist soon throws itself across the
reflection as we ruminate on the dust. We
would not think for a second to spread
ourselves out between the reflections.
Without our help it has achieved its own

masterstroke and created calligraphy.
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Cruising at a height of several million light
years, we watch the dawn of dissent in the
microwave sky. As it fades from view, we are
left with an impression of a stray shore. In
time, you might see refractions take hold of
the foam. Maybe they will be generous and
share the secrets whispered to them by tired
photons. Be patient, they carry the most
impressive complex of the twenty first
century, industriously struggling to find
their home, both at sea and on the beach,

providing it sparkles in the bright sunlight.

28
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The three liquid and lovely perturbations;
the left, the right and the lost. They’re getting
along with each other as well as can be
expected, for their transparent curvature is
filled with an undefinable motion that seems
to cause multiple layered sensations. All of
us at some stage expect someone to arrive to
tell us off and send us to bed without supper.
Tears deviate from elementary particles,
dotting themselves across space-time and a
reflective manifold watches overhead in

quiet warmth, while the eyes seem content.
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Off the cuff, we would say that this picture is
only accurate at big galactic latitudes, where
sense is senseless and we insist on watching
the handy interaction of geodesics dancing
along a narrow balustrade. It is this motion
that fills curiosity and the same curiosity that
fills the frame. The absence of thought can
only help suggest to the viewer a tantalising
feeling of freedom, something so tenderly
scarce that it should be held quietly and in
deep contemplation. We continue like this to

explore how many times we can return again.
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The sea is falling down into the sky, showing
us the system of particle production. The
lively, dark ocean watches for those with
heavy hearts, whilst the light sky waves lazily
from beneath a white massless plane. The
head is an expression of love, distorted by
ripples, but still filled up with the familiar
fleeting fancies. Whispers move around a
sharp silver blanket, and an eye’s cheeky
sneakiness defines the key questions of the
dark universe when it is not taking a quiet

nap on a lazy afternoon in high summer.
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2. Chance encounters in nanoscopic personalities




Lost in the dark beauty of the weather-filled
day, we go over into the distance of the hours
that we need. Trapped inside a cusp-like halo,
we map a thin model of our interstellar spin
and come to assume the existence of a single
negative shadow. We recognise shadows as
they pass overhead and feel certain that we
ourselves are the shadows. We see things our
own age, ages old and beyond a foreseeable
future. We see things of the night’s duration
living with us, looking this way and that just

as this quiet woman considers dark matter.
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2. Chance encounters in nanoscopic personalities




Towering behind the living dance, higher
than usual, gravity leaks through a familiar
wound. Interstellar filaments, as complex as
any chess-board, are illuminated — blinding
what now remains of its horizontal motion.
The transparency reveals nothing, but this is
quite enough, for it is the finest of them all.
The light helps itself to the shade, until all
the last shreds of the distant spirits in the
shadows are crystallised into tiny pearls of
wisdom, which shows itself as a cheeky blade

of light where the barber became distracted.
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Distortions in our clean brains wrestle with
the arrangements of order caught between
two time-slices. Action tangled with rest is a
superposition of smoky carelessness and a
profound if lazy contemplation. The outline
of dark energy is faint on the forehead, which
implies the fresh existence of a cyclic and
simulated universe. We rest on hope for the
small luxury of moments without any fear.
The different qualities of substance, neatly
balanced with human values shown through

indifference, are won over by the meditation.
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The wrinkles we see are not those of age, they
are rather the sign of soft anomalies, which
have been allowed to thrive in the rotation of
the sky. An upright taste of good form is
combined with a pleasurable mood. The
complex of lovely lines leave us marvelling
at the simple meaning we have established
through colour and playfulness. With this
possibility we slide photographically from
surface to surface, perfecting the distilled
patterns that were once so punishable and

now highlight the loveliness of young hands.
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2. Chance encounters in nanoscopic personalities
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Shadows fall and capture the premature
excitement of spirits found on the head. A
mouth watches and an eye whispers, all in
the time it takes for their darkness to feed on
the vibrancy that takes it root in green chaos.
Like this, a presence will fade and an absence
will take its characteristic shape. As the light
shines the shapes move stubbornly around
shades of bright new growth - growth that
was unexpected but which now is welcome.
The hair is like a picture book, though the

features seem scarce and visually surprised.
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2. Chance encounters in nanoscopic personalities




You circle round us, stubbornly refusing to show yourself,
moving slowly towards the edge, dancing with matter we
can’t see, though its 25% of our mass; should we still wait?
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We wait for our mass dancing with matter though we can’t
see it. We also show sympathy when you circle round us,
stubbornly refusing to be moved slowly towards the edge.
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If you've microwaved orbital velocities of spiral galaxies,
found dark matter without a galaxy rotation problem and

sing about gravitational interactions, is this too much?
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There’s galaxy rotation without dark matter to be found.
Better to sing about gravitational interactions if you’ve
microwaved orbital velocities of spiral enchantment.
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You're filled with a new kind of sub-nuclear particle that
helps instigate gravitational lensing, and when you move
you distort the light from distant galaxies, is this dance?
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3. Invisible dancing in the visual/aural spectrum
Dance when you move. The light you're filled with helps

instigate gravitational lensing, which expands a new kind
of sub-nuclear emotion that could distort distant galaxies.
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3. Invisible dancing in the visual/aural spectrum

When you project your cluster of galaxies in the fore-
ground and decrease the level of distortion so proportions
of calculable matter are not indeterminable, are you OK?
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In the foreground, the calculable matter and distortion are
indeterminable. Try to project your sensitivity when you’re
decreasing galaxies to the level of your own bewilderment.
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You infer from abnormalities in observations that the old
hypothetical elementary particles constitute a substantial
part of the hypotheses; do you say the faults are wrong?
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If the faults in observations that are dreamlike are wrong,
you infer that elementary particles from abnormalities are
the hypotheses that constitute a substantial part of you.
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3. Invisible dancing in the visual/aural spectrum

Can we survive, long term, by mapping the cosmic micro-
wave background that was emitted with the material when
it doesn’t give us any identifiable gravitational scaffolding?
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Gravitational scaffolding doesn’t give us background. The
cosmic microwave that was mapping the material when
emitting long-term, means we can survive with sensitivity.
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When anomalies in isotropy’s primordial annihilation
causes polarisation dust to spin, should we edit spectrums
of extragalactic emissions in all the high galactic latitudes?

Change in entropy of the universe (AS,,,) is related to change r(lt_'m( uyyf s¥stem (AG,,,) as
long as temperature and pressure are constant, A 2 s §
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A reaction run at 30°C has a AG value of -658kJ. What is the value of AS,;,? Is the process spontaneous?
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We edit galactic latitudes in high polarisation if anomalies
of extragalactic tenderness spin between annihilation and
isotropy’s primordial causation editing of dust spectrums.
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3. Invisible dancing in the visual/aural spectrum

We've observed the oscillations, and future expansion will
have bi-spectrum constraints with primordial curvature,
should we try alternatives to the inflation of neutrinos?
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Neutrinos with primordial curvature show bi-spectrum
oscillations. Constraints to the fantasy observed will have
future expansion when some alternatives are yet to come.
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We saw nucleosynthesis and anisotropies of cosmic star
formations give early results and cross correlations with
dark secondaries, does this help gravitational scaffolding?
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Scaffolding of results with dark gravitational correlations
show empathy. We saw anisotropies and secondaries, both

with formations, and this helps get across the cosmic star.
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3. Invisible dancing in the visual /aural spectrum

Your simulation of epoch reionization cosmology lessons
is a string of theories with multipoles and particle clusters,
does this stop polarization rotation of pseudo-scalar rays?
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Rotation polarization with particle clusters is a love theory
of strings. Epoch reionization rays are a lesson cosmology
that have multipoles when pseudo-scalar has simulation.
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We want to get something from this book, not

just put things intoit. Why do we always
feel obliged to direct the action with
concepts when we would prefer it if
something came up to surprise us? So we
added things without thinking and we

used things like cosmic dust' that had already
been produced and subtracted from
them. The more we take away the
more the observer wants to find out what is
missing. We hope you,
like almost everyone, finds absence
intriguing. We all choose
what to select and how much we want of
that thing. It’s one of our big
decisions and it uses all our senses to
achieve it. This is
what our personal aesthetic is.
Given that 27% of the universe’s matter is invisible

1

When the unfolding of the universe, pulled by strings of
space and time, starts to stretch and slide, it soon begins to
liberate the solutions and allow cosmic dust to dance.
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and 68% of its energy is
invisible to us, this reduction in what
we present is, in a way, a truth
of some kind, because we don’t know
any more than this. In art, when the
end result has this quality it is called
ambiguity. There is an interplay
between structure and ambiguity.
We're using the unfolding universe, 2 a
structural method, to orchestrate our making
activity but we are keeping an eye open
for ambiguity. In 1930, William
Empson wrotea  book called,
‘Seven types of ambiguity.’ It inspired us to call our
book, ‘Five types of Invisibility.” Empson
was concerned with
ambiguity in literature and in each of
the types duality is present — such as
when an author expresses two

2

When the dancing cosmic dust allows solutions to liberate
the start of the stretch and slide of strings in space and
time, it soon begins to pull on the unfolding universe.
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or more meanings that  do not agree but
combine to make clear a

more complicated meaning.
Here are Empson’s seven conditions where
ambiguity arises. When a detail is
effective in several ways at once. Such
as when many points of likeness
are used to make a single comparison. When
two or more alternative
meanings  are fully resolved into one.
When two apparently unconnected  meanings are
given simultaneously.
When meanings
combine to make spiral galaxies 3 clear a
complicated state of mind in the author.
When a fortunate confusion
arises because the author is
discovering their idea in

3

When we watch the dawn of dipoles in the microwave sky
and take hold of the stray isometries that show spiral
galaxies in their manifolds.
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4. Silent space between time - stretched sounds

the act of writing. When that

which is written is
contradictory or irrelevant and the reader
is forced to invent interpretations.

When the writingis  clearly contradictory,

indicating a division in the author’s mind.
William Empson describes two
attitudes to language - one that Kkills it by
stripping it of all association, holding it to
direct meanings only, and the other
attitude, one that kills
language by dissipating its sense in a
multiplicity of associations.
We must tread carefully between
the two, but we need more
dipoles and isometries 4
associations if we are to have any chance of
redressing the balance.

4
When their manifolds in spiral galaxies show that we will
watch the strays take hold of the microwave sky and see
the dawn of dipoles and isometries.
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4. Silent space between time - stretched sounds

Dark
Energy
Dark
Matter
In the early 19 90s, one thing was
fairly certain about the
expansion of the universe. The hyperbolic curvature
of space-time. 5 It might have enough
energy density to stop its
expansion and re- collapse, it might
have solittle energy density that it
would never stop expanding, but gravity was
certain to slow
the expansion as time went on. Granted,
the slowing had not been observed,
but, theoretically, the universe had to slow.

5

When perturbations accelerate expansion of hypothetical
elementary particles, deviation from the hyperbolic
curvature of space-time causes a sensation.
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4. Silent space between time - stretched sounds

The universe is full of matter and
the attractive force of gravity
pulls all matter together. Then
came 1 998 and the Hubble
Space perturbations of hypothetical particles ©
Telescope observations  of very distant
supernovae that showed that, a long time
ago, the universe was  actually
expanding more slowly than it is
today. So the expansion of the universe
has not been slowing due
to gravity, as everyone thought, it has been
accelerating. No one expected this,
no one knew how to explainit.  But

something was causing it. Eventually theorists came up

with three sorts of explanations.
Maybe it was a result of along-
discarded version of Einstein's

theory of gravity, one that contained

6

When sensation causes hyperbolic space-time curvature of
deviation from perturbations of hypothetical
particles, they then accelerate the elementary expansion.
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4. Silent space between time - stretched sounds

what was called a "cosmological
constant."  Maybe there was some strange
kind of energy-fluid
that filled space. Maybe there is
something wrong with Einstein's
theory of gravity and a new
theory could include some kind of field
that creates this cosmic  acceleration.
Theorists still don't know what the correct
explanation is but they have given the
solution a name. It is called dark energy.
What Is Dark Energy?
More is unknown thanis known. the motion
of photons. 7 We  know how
much dark energy there is because
we know how it affects the universe's  expansion.
Other than that, it is a complete mystery.
But it is an
important mystery. It turns out that roughly 68%

7

When you find the interaction of geodesics at galactic
latitudes and measure cosmological constraints then you
can start to govern the motion of photons in the sky.
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of the universe is dark energy.

Dark matter makes up about 27%.
The rest - everything on Earth, everything
ever observed  with all of our instruments, all
normal matter - adds up to less
than 5% of the
universe. Come to think of it, maybe
it shouldn't becalled "normal" geodesics of
interaction 8 matter at all,
since it is

such a small fraction of the universe.

One explanation for dark energy is that it is
a property of space. Albert
Einstein was the first person to
realize that empty space is not
nothing. Space has amazing properties,
many of which are just beginning  to be
understood. The first property that
Einstein discovered is that it is

8

When photons in the sky govern motions of cosmological
constraint then you start to measure galactic latitudes and
you attempt to find the geodesics of interaction.
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possible for more space to come into
existence. Then one version of Einstein's
gravity theory, the version that contains
a cosmological constant makes a second
prediction: "empty space” can possess its
own energy. Because this energy is a property
of space itself, it would not be
diluted as space expands. As more space
comes into existence more of this energy-of-
space would appear.

As aresult, thisform of energy would cause
the universe toexpand  faster and faster.
Unfortunately gravitational proportions 9 no
one understands why the cosmological

constant should even be there, much less
why it would have exactly the right value
to cause the observed acceleration of the
universe. Another explanation for how

space acquires energy comes from the

9
When we see how gravity illuminates interstellar filaments
and pushes primordial models to a higher one than usual,

this prevents a red shift of gravitational proportions.
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quantum theoryof  matter. In
this theory, "empty space” is actually
full of temporary
interstellar filaments ©
("virtual™) particles that continually form
and then disappear. But when
physicists
tried to calculate how much
energy this would give empty
space; the answer came out wrong
- wrong by a lot. The number came out
1020 times too big. That's a 1 with 120 zeros
after it. It's hard
to get an answer that bad.
So the mystery
continues
and there are still a few
dark matter possibilities
that are viable.

10

When we see how gravitational proportions prevents a red
shift of primordial models to a higher one than usual, this
pushes gravity and illuminates interstellar filaments.
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When I have fears that I
may cease to write, I don’t want to
consider a marriage of true minds, for the
melodies will clog up my ear and my
pen will join with my teeming brain. Admit
convolutions; song does
not sing like mawkish
romance, or the murmuring heard from a wall
of earnest, hard bound books —
sounds alter seasons,
while judgement must hear a hornet’s nest
on the first day of Spring. Risk
it for wonders
that can fill your core, bend with removal men,
freely add more: cusp-like halo
rhythmic sounds of
several senses
will change the dark starry face of night,
while thinking - having aimed it

1

When we map a unified model of interstellar spectral spin
and it means we come to assume the existence of a single
negative mass fluid trapped inside a cusp-like halo.
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straight - will sleep near the

mark. If your lonely breast rouses
a mindful tear, a huge cloudy
symbol of high romance
that looks on tempests
and is never shaken, then treat
forlorn thought to a fancy fling and know
that you
will never have to trace every
wandering star back to the
interstellar map 2 base. Find
fragrance and dew under fortune’s wing,
mix shadows with the magic hand of
chance, whose worth’s unknown,
though its rule is taken, and play
‘til your sickly doubts are
drooping. After you feel the fairness of this
hour, sing not the fool through

rosy lips and cheeks,

12

When we are trapped inside a cusp-like halo, negative
mass fluid assumes the existence of a single spectral spin
and we have a unified model of the interstellar map.
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blossom anew and thrill

atthe news that you can turn
a lonely breast to fancy. Bend his
sickle, invite the compass more;
duty’s strains keep you in memory's
dream where bright fairy power
hardly ever goes. Love shifts your
age, not by filling up weeks with
pale  forms of past delights lived by
eyes that can’t
reflect on zeal in the bedroom, but by
building lights
round your massless plane 3 edgy gloom.
Paint a peach on love's pale
cheek, try surprise, start anew in the wide,
wide world and think ... if this be error and upon
me proved, that pleasure’s
smiles are faint and

beauteous lies voiced

13

When your particle production modifies the key questions
of the dark universe and allows the metric for matter
creation to be integrated over a massless plane.
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4. Silent space between time - stretched sounds

to cut love to nought
before it sinks, I never sang,
nor no man ever loved or pictured a
rainbow over a stream. John
Ashbery and Jonas Salk both say
there’s nothing specific for
us to do; our wisdom arrives by
necessity. Some growing is
crucial, but this we do inherently,
justby  evolution; we can simply
submit to acceptance, learn how
to anticipate the future, track the
rhythms of growth and
submit to inclinations that dance

fandango for particle production 4 well-being

and flamenco for the cells. We can
hear through bones, as well as the ears, and
the spellbinding, = multi-layered tales told
by old shamans cultivate benign instincts for

14
When your massless plane is integrated over the metric for
matter creation and allows the dark universe to modify the
key questions of particle production.
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4. Silent space between time - stretched sounds

our future’s broadmindedness. When
frequent blunders become stmulated universe s
more acute, it is time to start
swinging from the heart. As new loves are
born, there is no need to
immunize against the negative
swoon, the old way of judging is out,
it was never kind  to flowers or
buoyancy. Having experienced the
infection, shun old paths and the
acceptance of fear, we’ll easily recognise
the pattern of lethargy when
connections increase. Keep open,
keep scanning, grow a thin skin, have a
bird's eye view and a worm's eye
view, elbow out the dominance of cash
flow, we’ve no need
to carry investors. Merge with the
creative neutral misfits who

15
When we take a time-slice of homogeneous galaxy clusters,
and distort the luminosity of their dark energy, implying
the existence of a cyclic and simulated universe.
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4. Silent space between time - stretched sounds

practice positive simplicity.
Discontent expresses the driving force,
but constant interference is
the norm; let the next evolution
process be upon us, in us,
with us and through us. Make affection
the newfound galaxy clusters ¢ bravery,
multiply magnanimous attention, send
reasoning to the intuition’s
department, observe the new
unfolding, assist what’s unsupported and
learn how to breeze with time
at perception HQ. Attend wholeheartedly
to unlearning, start giving evolution a
purpose. We'reripe for falling steadily
into ourselves, making each new day a life-
span. Anticipate the future; it’s fine
now to stumble upon self-consciousness.
We had wisdom, without too much knowledge,

16

When we take a simulated universe, implying the existence
of a cyclic of dark energy, and distort the luminosity of
homogeneous galaxy clusters on a time-slice.
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4. Silent space between time - stretched sounds

then we developed fear, replaced
benign casualness with scary risk forecasts
and stopped the good old
carefree buzz from humming. If
we have no wisdom to govern the
knowledge, let the custard pies be
our guide, they will aid the inception of
slapstick. We have the right genes
for this and they will activate fast when
people are ready;  this affirms the collective
certainty that each of us has a different
purpose. Anything is only worth the candle
if you make frisky hearts the starting point
and celebrations of beauty the norm.
While writing, I don’t quite know my spirit.
I appear absent, but I'm trembling
in a world of secret happiness,
grasping negative matter creation 7
nothing,

17
When the anomalies of stress-energy tensors inflate the
polarisation rotation of distant supernovae, allowing

negative matter creation to thrive and view the sky.
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blissfully intoxicated. Being
carefree is important, just as it’s
crucial to enjoy playing stress-energy '8
structure. It can be sweet when  these things
pursue us; then we want to be
everything for them. The fine, subtle,
delicate things, seem best, but there are
questions that can’t be answered.
I'd like to suggest that the
absence of an answer can be heavenly
when it’s a vague, enchanted,
majestic reply and I'd like this to be true
for longer. Those who are raised to
be competitive are not like those brought
up to honour love. I say this
as I want to remember; we are damned with
too much judgement, it stops the heart from getting
enough love to grow. There’s little doubt
we’ve all suffered from this. I’'m thinking

18

When the sky views the negative matter creation to thrive
and allow the polarisation rotation of distant supernovae
to inflate tensors of stress-energy anomalies.
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about a kind extragalactic field 19

heroine, thinking myself the hero
of this tale. In a mood of
audacity, I cross the boundaries of
the familiar ~ and thrust myself through the
crust to freedom. With words,
I try to smile a charming smile but
it is too delicate to smile it. I am not
a human among humans, I'm a scent grown
fragrant by the heart, one who swims

alone in a human breast. When I choose to
create a fantasy from my secret reveries and

daydreams, conjuring, say, sweet meadows
to liein, aplacetogaze up at birch tree
branches, I do these things to pledge
my cheerfulness. I have no desire to own
anything and still my branches grow
higher each day. All T am is what
I have never been and should

19
When the spatial scale of gravitational lensing can bend
the emission of pulsar radiation and prevent the ionisation
of rays from the extragalactic field.
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you now start dreaming about me, the concerns
I have will  melt in the night. I will never
glare at you crossly,  I'd hate to encourage
your woes  and SOrrows. You can afford to be
gentle, don’t slay your noble emotions
and mellow voice, don’t keep your
elegance on the inside, = you must know there are times
when the simple can only be grasped with
almost no effort. The trees apologized,  but
they hadn’t done a thing that required
the emission of gravitational lensing 2°
a confession. I know nothing, sol
keep as quiet as a painter with a full brush of paint.
Then, when my lucid consciousness sits up,
alert, I gather my thoughts in a flash and
strike out, sensing that all lives can lead to
a new path of possibilities. It’s
pleasing to pull oneself together
after seasons loyal to inertia.

20

When the extragalactic field of rays from the ionisation of
pulsar radiation prevents the emission of
gravitational lensing that can bend the spatial scale.
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*  Accgptegd values for Co bilayer

heiglt 4.0-4.2 Apgstroms [4],
s s and
h

20t October 2018

Bilayer Line Profile:

wastt
alibtation el

g1



nm

@ Cobalt motion g
: D tion ofiC Au(1 ol d over
ours. gpmdliste| e clust] @ s
nds fdlind t stabl | at

ringbone elbows and step edges.
* Au(111)is a noble metal so is unreactive -

103

° molecules are unlikely to ‘stick’ in places outside of
enefetflallfistable flites — so motion is no [ ]
ke efpeded i luster long
erfihgi@ndbefore e Elbow. I
. obn B urlkely td erl gduced el=
1 3K, quantum tunnelling diffusion [16] is more likely.

= A % # - *  Movement of top right cluster from set of five, may

be tip induced. Has been found that ad s
gRRQSIt F rt of regagatructi
raified ti in a chaooll perpefidicul
rihgboge. The low ion endligy

ically favourable

direction of motion [17].
*  Co motion (along herringbone) may be that

ind@ediby fle motifin of substrate dislocagions,@
dgnefiet@ally fa e of th
1 T
. o@m@ht Fong an rd ngbon e

confirms their role as attractive traps for Co atoms
20th October 2018

Mdholay® Colla nMheigh
(0.20+£0.01)nm — agreeing with literature.
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20 20 20 -10 0 10 2

. ed.t i he iggdicated j d gima suggeststipd nd'onict/

* Hence tip induced motion of the islands may have ocdrred, due to the short range
forces between the island and tip. This can occur through:

(i

) aPulling: Atom/mgecule is begind the tip and attracted to it
(ii lidigemlto ecul ngler, ti follogys itgTi st is
Andtimeyetf
1) P g: Bt lecul &g irlifrdiht o thd@iti a repulve u it agay

i
s
(7] )
20 October 2018
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Cleal}STM imaging of the Co/Au(11
stru agpchigve 20,
-500@nV Jd H (EOXS@n

Co was evaporated for 60s at a flux of
20.0nA, taken to correspond to 1ML
(as in manual), at T=3.7K.

o
tion tl g
, enerjietica (o} sit/l.

Discrepancy between experimental vs
literature island height values is
explained by the piezo calibration error

oom-th

20t October 2018
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1ML Co: ~0.2fhm

ond

95

1n ce

e to turr

sle | t hre
me have up to 4 distinct layers

Triangular shape of island
attributed to HCP structure of Co
The first Co I
s is conswten
the others by
uent layers d
expected height ~0.21nm
This is likely due to th
betw

n
Sbs

attice
o and

ngul
symmetry in islands due to HCP
Co structure

in literature. Small

t foun

20t October 2018



i cl
e reflo o
knoggn to findeggo’ ate

Co seen to anchor along rec
form

* The row of clusters was initially taken to be contamination due to their height, ~0.1nm which

ined at @5 kgeft pdatilie 0.4 °
old is a gmate fo le; rogti# Co
trolled on fihe Ju(lL1) hegigb! uc .Ag

struction ridges, causing line/ wire-like shape of mgfferial to

V =-500 mV, =20 pA
* " Demceem T 20t October 2018
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g g a line profile across the row of
a r rs found them to be regular in
t — but only half a Co ML (~100

pm, calibration adjusted)

S0u * The gusters are very regular in size
nm, 3@d qgie
lonfa r herﬁ:m in
ites a ly

o expected of Co

This medi ay be
ec of va
-
a4 [ | Halfa Co ML 1 \ »‘, * Unclear if they are partially embedded

A \ Co or surface contaminants.

CISIOnS d

20 October 2018
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shapes STM irflihg®R:
seen in i f
- Thisis likely to be iron phthalocyanine (FePc) molecules, a material studied in

2: Cr,oss"hke clusters } the cryo-STM system prior to this experiment.
3. Triangular clusters . . A
- Molecule is hard to remove once introduced into the system, so was able to
contaminate tge Au(111) surface.

Would accounfifor the irregular/ upexpected nature of island distrittio

Co on Au(111): 100x100nm I=20pA, V=-500mV, T=3K 22" October 2018
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or |/Zr Wi
utigt ecry ST

chamber in 2017
Pc molecules have a characteristic
cross-like structure, seen in the

SEM image [9], whllsttrla ular
SCI
Sithila Iu

image of Co/Au(111)
Co has not been shown to look like

thls in literaturt
e use
ber, and b cul
Iy Ove, sufge at usters

seen on Au(111) are remnants.
FePc remnants, or other

contgmingllion, |smoreI| ly than
“@yesﬁ



- Single Layer: ((0.20 - 0.21) £ 0.01)nm
- Bilayer: ((0.30-0.37) +0.01)nm

Accounting for cglibration error:

SPRe Lger] 0 - 0280+ 0.
- lager 0.3+ O.J1)

2. Au(111) step edge height;
(0.24-0.25 + 0.01)nm

d wh

Literature/Theory:

ba d Heighl:
enﬂr: (0.2 tooan},ll\ I I
0]

- Bilayer: (0.41£0.02)nm [Chang], 4A [10]

2. Au(111) step edge height; O.ZSnn‘ll]

am pin

ammtji l l
- asufed i ngiﬂtepabergfmconﬁm 2/ srghan

accepted values. It was found that, in the z-direction, there was a piezo calibration error
(~30%) and this was taken to be the reason for the discrepancies between experimental and

ted values for island heigh® Aggounting for calibration ggror, island heigfiks fere in
a GGWith lstpel t O u t a t

100



mmary and Comments

\nd. hoW.shou

* The expected growth pattern of the islands was observed:
— Small clusters of roughly round shape in herringbone bend sites, confirming them as

energetically f@gorablggnucledgion sites.

Si digaglustefiheight se Wwhifh 4 domi

Cqllislajjd4 mobil@acrosgsurffic C;V;%one) SEH
ites. IStand"mdtion toWards tMe h&rri eamwnga ction perp culdt to

was also seen. Confirms role of fault lines as attractive and energetically favorable
sites for Co islands.

AanMtl ingle bltahlarﬁhtwaere
SoMeline®ected s obt in el ca s

— Row of sub-ML height clusters along a herringbone edge

— High, uneven ridges along herringbone dire

jon
L@ ;
ngylar ss-like lo sters eig
ﬁv esdiardibelieve@tofpe cllused Hif thdiCo @a n. H@ve ndgear
g o js Co ghdjvhaimight Qgec@htargin
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sam;ﬁfr
) wa

imaged at room
temperature

Cle pgdges
witflflarfE, fRt
terf@ceqanjpe
seen

0

Clean Cu(111): g 00x100) nm, V=-500mV,

|1=20pA droonfliiemperature l I i
E e s Stepeige heighto:

[ (0.2240.01) nm was

Clean Cu(111): (80x80) nm at room

[ ey measured, in agreement
| | Cusingle step ige ith aglepted galue
22
l I .21n1[4, 12t

19th November 2018
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Cobalt on Cu(111

Coe ra
form iaflgul
layermffe [@we

into the Cu(111) substrate.
Two island orientations, rotated at

180 degrees with regpect to each
other, can befgeen
I3 d types #e clasgfiedlin t of
tti or unjgulted ftac
u

res.

Co was egaporated f@#r five minutes at a f}
c r
S a nécat| izOV
seen across the image

* Smooth and clean Cu terraces seen in the top right of
the STMgimage

d Queep gdges d a
ufr i s seefl- is@ind h@lsange as
s in @terre for @balljis|@d

J * This image if#analysed in the following slides

oise li

00

= @ = 7th September 2018
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210 nm - single Cu step

420 nm - double step

2. aCros

ki ing ile a e sh h C e
ipIlR, d@uit d single st@o hffig pectj
e Ti idRerM® pikes ot Meal’ sed urtsta i iz8ntal®hoi

lines can be seen across entire image
* Away from the triangular features the Cu terraces are flat

Sharp but fainter lines are algo sefn at 60/120 degrd angf@s. These are Cu
S QN N gy k a e e onc ac
Smoothe
Hdle re a to ap®ra

7th September 2018
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Upper Island Set

I re ‘are visibly
l ro herth u“strate.

tu double « Rough shape and texture
stepedge jpgicates that islands formed

‘ '1
as a result of Co migrgtion
b 3 Ohdas¥, irllagr ment
’ expected height of bilayer

AcH““bf
.| after

‘the:stren
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