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MOTIVATION « A NEW MEDIUM

(SOME ILLUSTRATIONS)
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mbostock.github.10/d3/talk/20111116/#17
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OUTLINE

> A PHILOSOPHY OF GRAPHICS
- The good, the bad, and the ugly
- Tips and guidelines
* A GRAMMAR OF GRAPHICS
- Elements of theory
- Glimpse of the future
> A VISION FOR GRAPHICS
- Aesthetics and impact

- TOC figures, slides, posters
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PART | « A PHILOSOPHY OF GRAPHICS
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GRAPH ALL THE THINGS?

[

<&

OUR RELATIONSHIP ENTERED
ITs DECLINE AT THIS POINT.

THAT'Ss WHEN YOU
O STARTED GRé\PH\NG
EVERYTHING.
N\ AN
- COINCIPENCE!

xkcd.com
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http://xkcd.com

CONSIDER A TABLE

n Arbitrary precision Double precision

1 (1.351522998772148 +0.0026823278267961) (1.351522998772154  +0.0026823278267914)

2 (0.09475820788633184+0.006563919284008841 ) (0.09475820788633782 +0.006563919284008891)

3 (3.267511781081814 +0.354044762711458i) x 10~ (3.267511780908656  +0.3540447627236043) x 10~
4 (8.234338861126748 +1.36170845538684147) x 10~° (8.234338230741085  +1.3617084461373774) x 1075
5  (15.30077682100172  +3.20759658015824i) x 10~ 7 (15.30004712362165  +3.2074636639992i) x 10~7

6  (23.34600724021963  +6.186419274080092i) x 10~° (25.42872582340277  +5.905966786286297) x 10~°
7 (29.40892160067281  +9.22544630049269i) x 10~ (24.3107199444863 —1.132713313940817) x 10~ ®
8 (3.204531139340317 +1.186184482330857i) x 10~ 2 (177.439991438448 —2.0214735003898:) x 10~

9 (3.038290261597983 +1.2871018197769477) x 10~ 4 (67.0727643316326 +1.570336853367244) x 10~°
10 (2.5674093425467  +1.2408715239886427) x 10~ '° —0.03959069252015016 +0.00071876916602068i

11 (1.94474203713492  +1.0551798861962514) x 10~ '® —10.11371972337842  —0.139255965672561

12 (13.38699265450917  +8.13464528498008:) x 102! | —1132.655389072814 +0.299642890755i

13 (8.417729528036757 +5.6773892176795427) x 10723 | (—86.48807724977711  +1.50271433683522i) x 103
14 (4.876046808254036 +3.6449615649535274) x 10~2° | (—29.88742021522111  +6.65835422187729i) x 10°
15  (2.613375843631903 +2.1548018833083824) x 1027 (34.54711402938201  +8.19472138834448i) x 107
16  (1.303141351977849 +1.184738044986223i) x 10~ >° (45.78317881557951  +9.731545021815603:) x 10°
17 (6.067251546625191 +6.0696995245629454) x 1032 (—3.816711620949946  +1.082670199384622i) x 10'?
18  (2.647391356803932 +2.9168785530032134) x 1073* | (—154.3422495126499 +7.85213753752443) x 103
19  (1.085651390657799 +1.317672507647534i) x 107 °° | (—166.490936601337536  —1.779710476225576i) x 10'°
20  (4.194570626830792 +5.6215077025151214) x 10739 (21.346348083272847360—1.199678065337379840i) x 10'®
21  (1.530005420781641 +2.2696695914351824) x 10~ * (100.285925474474 —3.24478543869117) x 10%°
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h: Tmax: 00101 1 2 3 4 5 6 7 8 10 12 15 20 25 30 40 50 60 70 80
N 5 5 7 9 11 11 13 15 17 17 21 23 27 35 41 47 63 77 95 127 111
.1 N 6 6 6 7 7 8 8 9 9 10 15 15 15 20 25 35 40 40 8 80 1200
ecror - - - - = = - - - = = = = - - - 107210711 10° 1077 104
N 5 5 9 11 11 13 15 15 19 19 23 27 31 37 45 53 69 93 115
13N 9 9 9 9 9 10 15 15 15 15 15 20 20 25 45 30 50 45 500
error — —  — = = = === - - 107121079 107 103
N 5 7 11 13 15 15 19 19 21 23 25 27 33 41 49 61 75 103
2 Ny 20 20 20 20 20 20 20 20 25 25 25 25 30 35 45 35 50 45
error — —  — = = == - = — 10712 10711 1077 104
N 5 7 11 15 17 19 21 23 23 25 29 31 35 45 51 57 59
4 Ng 40 40 40 40 40 7 40 45 45 45 50 50 60 70 70 90 90
error — — — - 1073 — — — — - — 10713 10711 1079 104
N 5 7 11 15 19 19 19 23 25 27 31 35 37 41 47 47
7 N, 70 70 70 70 70 70 80 8 8 8 90 90 100 200 130 130
error —  —  — = = = === - 1011 10-10 10-¢
N 5 7 13 15 19 19 21 25 27 27 31 33 41 45 43 47
10 N, 100 100 90 100 100 100 110 110 110 120 120 130 140 180 180 200
error — — — — — - — — — — - - — 10711 108 10°¢©
N 5 7 13 15 19 21 23 23 27 29 33 37 43 43 49 41
20 Ny 200 200 200 200 200 200 200 220 220 240 260 260 280 300 550 400
error - — — - = = - = - == = 10712 108 104
N 5 7 13 17 19 21 23 25 27 29 33 35 39 45 47 45
50 Ng 500 500 500 500 500 500 550 550 550 600 650 800 700 1100 900 1200
error - - — - - - - - - - - - 1081012 10° 10
N 5 7 13 17 19 21 23 25 27 27 33 35 47 53 47
100 Ny 1000 1100 1000 1100 1000 1100 1100 1100 1100 1100 1300 1500 1400 1600 2000
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THE GOOD, THE BAD, AND THE UGLY

30%

30%
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DYNAMITE PLOT

Treatment Control
Group

emdbolker.wikidot.com/blog:dynamite
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BARPLOT ALTERNATIVES: DOT PLOT, BOXPLOT
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LETTERS NATURE PHOTONICS poi: 10.1038/NPHOTON.2012.300

200 +

150

100

Coincidence counts

50

0 50 100 150
Time delay (ns)

RR RR

Figure 3 | NOON state characterization. a, Density matrix p (magnitudes only) from quantum state tomography, showing large coherence between |LL) and
|RR} components. b, Measured correlation of the filtered CESPDC pairs (no background subtracted). The absence of modulation at the 2 ns cavity roundtrip
time indicates the presence of a single cavity mode.
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PIE CHARTS — LIMITED USE
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THIS IMAGE
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B Sky
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'8 Piel have eaten

1 Pie I have not
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Pacman

Not Pacman 22




ENERGY RELEASED IN EARTHQUAKES SINCE 2010

48.99%

16.38%

13.34%

4.73%

2.71%

4.93%
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ellisp.github.do0
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Opera
1%

Safari
9%
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1% 9%

Firefox
20%
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Proportion survived

@Drug A
mDrug B
ODrug C
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OUTLINE

> A PHILOSOPHY OF GRAPHICS

The good, the bad, and the ugly

Tips and guidelines
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TIP #1 « GRAPHIC FORMATS

> VECTOR FORMAT
jf@PhS, schema-+ics
.eps, .svg, .pdf

o 01 02 03 04 05 06 07 08 09 1

> RASTER FORMAT

Jjpg, .tiff, .png
rF 1 1 & T 1T T 1T7/7/7/7T1T77"77™7
¢ 01 02 €3 04 05 0s 07 08 08 l

P'ﬂo-l—os, MaPs
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TIP #2 « IMAGE SIZE: AVOID RESCALING

BIEX tip

Columnwidth: 3.18143in, textwidth: 6.50127in

Include the figures without rescaling,

y axis title

0.25 0.50
X axis title

Figure 1: Nunc sed pede. Praesent vitae lectus.
Praesent neque justo, vehicula eget, interdum id,
facilisis et, nibh. Phasellus at purus et libero
lacinia dictum. Fusce aliquet.
placerat leo semper dictum. Mauris metus. Cur-
abitur lobortis. Curabitur sollicitudin hendrerit

nunc.

Nulla eu ante

\usepackage{layouts}

Lud l.)ldabCldab PCUC. Vivallud uuly duudy, 1iuichuic
ut, ultricies vel, semper in, velit. Ut porttitor.
Praesent in sapien. Lorem ipsum dolor sit amet,
consectetuer adipiscing elit. Duis fringilla tris-
tique neque. Sed interdum libero ut metus. Pel-
lentesque placerat. Nam rutrum augue a leo.
Morbi sed elit sit amet ante lobortis sollicitudin.
Praesent blandit blandit mauris. Praesent lectus
tellus, aliquet aliquam, luctus a, egestas a, turpis.
Mauris lacinia lorem sit amet ipsum. Nunc quis
urna dictum turpis accumsan semper. Lorem ip-
sum dolor sit amet, consectetuer adipiscing elit.
Etiam lobortis facilisis sem. Nullam nec mi et
neque pharetra sollicitudin. Praesent imperdiet
mi nec ante. Donec ullamcorper, felis non sodales
commodo, lectus velit ultrices augue, a dignissim
nibh lectus placerat pede. Vivamus nunc nunc,
molestie ut, ultricies vel, semper in, velit. Ut
porttitor. Praesent in sapien. Lorem ipsum do-
lor sit amet, consectetuer adipiscing elit. Duis
fringilla tristique neque. Sed interdum libero ut
metus. Pellentesque placerat. Nam rutrum augue
a leo. Morbi sed elit sit amet ante lobortis sollici-
tudin. Praesent blandit blandit mauris. Praesent

R

\printinunitsof{in}\prntlen{\columnwidth}

\printinunitsof{in}\prntlen{\textwidth}

30



TIP #3 « ASPECT RATIO
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TIP #3 « ASPECT RATIO

https://xkcd.com/1732/
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TIP #4 « LESS IS MORE

1000 /
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TIP #4 « LESS IS MORE
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Metal thickness /nm

TIP #5 ¢« SMALL MULTIPLES
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TIP #6 « CONTEXTUAL ANNOTATIONS
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Cross—section [1O4nm2]

Cross—section [nm2]

(a) Bare components
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SUMMARY ¢ KEY POINTS

> SHOW THE DATA ‘AS NATURE INTENDED’

Maximise data/ink (no chart junk)
Sort and organise (meaningful order)
Consider transformations (log, difference, ...)

> HELP THE READER

Proximity of things to compare
+ Axes aligned to ease comparisons
Deliberate use of colour and labels

38



PART |l « A GRAMMAR OF GRAPHICS

| 4
Statistics and Computing »
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> A GRAMMAR OF GRAPHICS
- Elements of theory

- Glimpse of the future
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TAXONOMY OF GRAPHICS

Emphasise variations (+/-) from a
fixed reference point. Typically the
reference point is zero but it can also
be a target or a long-term average.
Can also be used to show sentiment
(positive/neutral/negative).

Example FT uses
Trade surplus/deficit, climate change

Diverging bar
A simple standard
bar chart that can
handle both negative
and positive
magnitude values.

Diverging stacked bar

Perfect for

presenting survey

results which involve

sentiment (eg

e  disagree/neutral/
agree).

Spine chart
Splits a single value
into 2 contrasting
components (eg
Male/Female).

Surplus/deficit filled line
The shaded area of
these charts allows a
balance to be shown
- either against a
baseline or between
two series.

ource:

Correlation

Show the relationship between two or
more variables. Be mindful that, unless
you tell them otherwise, many readers
will assume the relationships you
show them to be causal (i.e. one
causes the other).

Example FT uses
Inflation & unemployment, income &
life expectancy

Scatterplot

The standard way to
show the relationship
between two
continuous variables,
each of which has its
own axis.

Line + Column
A good way of
showing the
relationship between
an amount (columns)
and a rate (line).

Connected scatterplot

Usually used fo show

]\ how the relationship
1+ '\ between 2 variables
A
AT has changed over
<\ time.
Bubble

Like a scatterplot, but
adds additional detail
by sizing the circles
according to a third
variable.

A good way of showing
the patterns between 2
categories of data, less
good at showing fine

differences in amounts

Ranking

Use where an item’s position in an
ordered list is more important than its
absolute or relative value. Don't be
afraid to highlight the points of
inferest.

Example FT uses
Wealth, deprivation, league tables,
constituency election results

Ordered bar

Standard bar charts
B ;. the ranks of
B clues much more
- easily when sorted
. into order.
Ordered column

See above.

Ordered proportional symbol

Use when there are big

variations between
values and/or seeing

. fine differences

° between data is not so
important.

Dot strip plot

Dots placed in order
onastriparea
space-efficient
method of laying out
ranks across multiple
categories.

Slope
Perfect for showing
how ranks have
changed over time or
vary between

‘\ categories.

Lollipop chart
——3® anemoniohedus
—e
o value than standard
o bar/column and can
P also show rank and

value effectively.

ft.com/vocabulary

Distribution

Show values in a dataset and how
often they occur. The shape (or ‘skew)
of a distribution can be a memorable
way of highlighting the lack of
uniformity or equality in the data.

Example FT uses
Income distribution, population
(age/sex) distribution

Histogram

The standard way fo
show a statistical

distribution - keep the
gaps between columns
I Ill small fo highlight the

‘shape’ of the data.

Boxplot
| Summarise multiple
distributions by
— showing the median
u (centre) and range of
the data

Violin plot
Similar to a box plot
but more effective with
complex distributions
(data that cannot be
summarised with
simple average).

Population pyramid

A standard way for
showing the age and
sex breakdown of a
population distribution;
effectively, back to back
histograms.

Dot strip plot

Good for showing
individual values in a
distribution, can be a
problem when too
many dots have the
same value.

Dot plot

— A simple way of
showing the change
®—®  or range (min/max)
oo ofdataacross
multiple categories.

Barcode plot

Like dot strip plofs,
(1] good for displaying
(LI allthe dataina
table,they work best
m when highlighting
individual values.

Cumulative curve

A good way of
showing how unequal
adistribution is: y axis
is always cumulative
frequency, x axis is
always a measure.

Change over Time

Give emphasis o changing trends,
These can be short (intra-day)
movements or extended series
traversing decades or centuries:
Choosing the correct time period is
important to provide suitable context
for the reader.

Example FT uses
Share price movements, economic
time series

Line
The standard way to
show a changing time
series. If data are
irregular, consider
markers fo represent
data points.

Column

Columns work well

for showing change
over time - but
usually best with only
one series of data at

atime.

Line + column
A good way of
showing the
relationship over time
between an amount
(columns) and a rate
(line).

Stock price

Usually focused on
day-to-day activity,
these charts show

11 11‘ opening/closing and
1l

hiflow points of each

Slope

Good for showing
changing data as long
as the data can be
simplified into 2 or 3

‘\‘ points without missing
a key part of story.

Area chart
Use with care - these
are good at showing
changes to fofal, but
‘ seeing change in
components can be
very difficul.

Fan chart (projections)
Use fo show the
uncertainty in future
projections - usually
this grows the further
forward to projection.

Connected scatterplot

A good way of
showing changing
data for two variables
whenever there is a
relatively clear pattern
of progression.

Calendar heatmap

A great way of
showing temporal
patterns (daily, weekly,
monthly) - at the
expense of showing
precision in quantity.

Priestley timeline
Great when date and
duration are key

L

— elements of the story
B, the data.
—

Circle timeline
Good for showing
B oS- iscrete values of
—8=88  \arying size across
—=@e@e— multiple categories
—@e@ee (egearthquakes by
contintent).

Seismogram
Another alternative
to the circle timeline
for showing series
where there are big
variations in the data.

Part-to-whole

Show how a single entity can be
broken down into its component
elements. If the reader’s interest is
solely in the size of the components,
consider a magnitude-type chart
instead.

Example FT uses
Fiscal budgets, company structures,
national election results

Stacked column

A simple way of
— showing part-to-whole
B clationships but can

be difficult to read with
- more than a few

components.

Proportional stacked bar

A good way of
showing the size and
proportion of data at
the same time - as

long as the data are
not too complicated.

A common way of
showing part-to-whole
data - but be aware

that it's difficult to
accurately compare the
size of the segments.

Donut
Similar to a pie chart —
but the centre can be
a good way of making
space fo include more
information about the
data (eg. total).

Treemap

Use for hierarchical
part-to-whole
relationships; can be
difficult to read when
there are many small
segments.

Away of turning
points into areas —
any point within each
area is closer to the
central point than
any other centroid.

Another way of
visualisaing hierarchical
part-to-whole
relationships. Use
sparingly Gf at all) for
obvious reasons.

Ahemicycle, often
used for visualising
political results in
parliaments.

Gridplot
Good for showing %
information, they
work best when used
on whole numbers
and work well in
multiple layout form.

Venn
Generally only used
for schematic
representation.

Waterfall

Can be useful for
I ] shoving part-to-whole
relationships where
I some of the
l components are
negative.

Magnitude

Show size comparisons. These can be
relative (just being able fo see
larger/biggen) or absolute (need to
see fine differences). Usually these
show a ‘counted’ number (for example,
barrels, dollars or people) rather than
a calculated rate or per cent.

Example FT uses

Commodity production, market
capitalisation

Column
The standard way fo

compare the size of
things. Must always
I start at 0 on the axis.

Bar
See above. Good
B .. the data are not
B time series and labels
- have long category
™ names.

Paired column
As per standard

column but allows for
multiple series. Can
become tricky fo read

' with more than 2
series.

Paired bar

See above.

Proportional stacked bar

A good way of
showing the size and
proportion of data at
the same time - as
long as the data are
not too complicated.

Proportional symbol
Use when there are
big variations between

. values and/or seeing

.. fine differences

between data is not so
important.

Isotype (pictogram)
o o s s Excellentsolutionin
some instances - use
i"'" only with whole
oas numbers (do not slice
L L
represent a decimal).

Lollipop chart

o Lolipop charts draw
more attention to the

—e
o data value than

standard bar/column -

e does not HAVE to start
at zero (but preferable).
Radar chart

A space-efficient way
of showing value pf
multiple variables- but
make sure they are
organised in a way that
makes sense 1o reader.

Parallel coordinates

An alternative to radar
charts - again, the
arrngement of the
variables is important.
Usually benefits from
highlighting values.

Spatial

Used only when precise locations or
geographical patterns in data are
more important fo the reader than
anything else.

Example FT uses

Locator maps, population density,
natural resource locations, natural
disaster risk/impact, catchment areas,
variation in election results

Basic choropleth (rate/ratio)
The standard approach
for putting data ona

% map - should always be

rates rather than totals

and use a sensible base
geography.

Proportional symbol (count/magnitde)

Use for totals rather

than rates - be wary
that small differences
in data will be hard to

Flow map
For showing

3 unambiguous
movement across a

e =

Contour map

For showing areas of
equal value on a map.
Can use deviation
colour schemes for
showing +/- values

Equalised cartogram

Converting each unit on
amap o a regular and
equally-sized shape -
good for representing
voting regions with
equal value.

Scaled cartogram (value)

Stretching and

4 shrinking a map so
“ that each area is

“ . sized according o a
l"‘ particular value.

Dot density

Used fo show the
location of individual
events/locations —
make sure fo annotate
any patterns the
reader should see.

iz

Heat map

Grid-based data values
mapped with an
intensity colour scale.
As choropleth map -
but not snapped fo an
admin/political unit.

(32

Show the reader volumes o intensity
of movement between two or more
states or conditions. These might be
logical sequences or geographical
locations.

Example FT uses

Movement of funds, trade, migrants,
lawsuits, information; relationship
graphs.

Sankey
Shows changes in flows
from one condition to
~ at least one other; good
. for tracing the eventual
outcome of a complex
process.
Waterfall

Designed to show the
l sequencing of data
through a flow
I l process, typically

budgets. Can include
+/- components.

Chord
A complex but
powerful diagram
which can illustrate
2-way flows (and net
winner) in a matrix.
Network

Used for showing
the strength and
inter-connectdness
of relationships of
varying types.
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ANATOMY OF A PLOT

plot title
6 -
@
= 4-
Vg
E
©
>
2 -
O -
0.00 0.25

0.50
X axis title

0.75
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ANATOMY OF A PLOT « PLOT PANEL

plot title
6
2
s 4 guide
.% tg
>

N

0.00 0.25 0.50 0.75 1.00
X axis title




ANATOMY OF A PLOT ¢ THE DATA

plot title
6 - A
@
= 4-
2
x
©
>
2 -
O -
0.00 0.25 0.50

X axis title

0.75
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ANATOMY OF A PLOT ¢ GUIDES

plot title

y axis title

0.00 0.25 0.50 0.75 1.00
X axis title

45



ANATOMY OF A PLOT ¢ ANNOTATIONS

y axis title

plot title

0.50
x axis title

guide
® 3

A b
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A GRAMMAR OF GRAPHICS — MAPPING DATA

> POSITION .
» LENGTH - \
> ANGLE ‘
> AREA ‘
» COLOUR
+ O
» SHAPE AL

> LINE TYPE, SIZE, TIME, ...
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EXPRESSIVITY AND LEGIBILITY

> POINT N’ CLICK > GRAMMAR OF GRAPHICS
Yeah but, no but, yeah but, no but!!! plot(data, map(x, y)) +
yeah but ... lswear**x*xxxx 11171 layer(point, map(colour = z)) +
... butyeah\_(*/)_/ COMPUTER SAYS NoO layer(line, map(linetype = t)) +
theme(fontsize = 12)
Ctrl-Z
plot title
Pure Nonsense 6 - A
E i
S 4. guide
R ® 3
X A b
S 2-
O_ | |

0.00 0.25 0.50 0.75 1.00

X axis title
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MAPPING DATA TO GLYPHS

plot(data = d,
mapping = map(x = age,
y = circumference)) +
layer (type = "point",
mapping = map(shape = Tree,
colour = Tree)) +
layer (type = "line",

Tree3 1372 174

Tree3 1004 125 0 500 1000 1500
Age

mapping = map(colour = Tree))
Tree age circ. ‘

1 Treel 1582 214 —_— Y 200 - 74
c

2 Treel 118 32 O 1oy o Tree

3 Tree2 118 33 & Treel
& + Tree2

4 Tree2 1372 203 = 100 - Tree3
— A

5 Tree3 484 49 S so-

6

[/
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GRAPHICAL EXPLORATIONS

last_plot() + 200 -

facet_grid(Tree ~ .) + =N\ 100-

theme_publication 0

200
100 -

200
100 -

: “
° > Tree

o4

) X e )
= 5 . 200 -~

»'f N +1
100 - / & 3 100 ~

0

/"‘ 200 -

o 100 -+

Circumference (mm)

Circumference (mm)
S

o

0 500 1000 1500 0 500 1000 1500
Age (days) Age (days) 50



SMALL MULTIPLES REVISITED

Transmittance

1.00

Au-coated substrate

Au-coated DBR

0.75 7

0.50 -

0.25 =/

0.00

--- humid
— dry

juawiliadx3

1.00

0.75

0.50 -

0.25 -

A1o0ay|

0.00

I
400

500

600

| | | | | |
700 800 900 400 500 600 700 800 900
Wavelength /nm
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We

_3 —
1 O : Fixed structure

Photon & structure limited

Relative noise, ¢
5.
N
|

WMM‘WW«MWM
10‘5—

Photon I|m|ted
10'6 e

1o° 10 10 10° 10* 10° 10°
Number of spectra, N
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0.04
0.03

0.02

0.01

0.00
0.04

0.03
0.02

0.01

0.00
0.04

0.03
0.02
0.01
0.00

even spacing

pseudo-random

- -

480

520

560

600

- -

480

520 560
Wavelength /nm

600

480

520

560

600

homogeneous shell

isotropic
LYY 7
Q\\\M\ V",
NN | 1
= -, .= radial
/,Z’/ ' \\\\\'Q:
7 VAN
4/, AW
/ i l"uh\\\\\\\\
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COORDINATE TRANSFORMATIONS

plot(data, map(x, y)) +

layer(line, map(linetype

coord_polar(theta = x) +

t)) +

Dipole — parallel ---- perpendicular
orientation ~ :
0
102 i . .
1 —45 Air side 45
10
10° -
107" -
1072 --90

7
-45 Glass side 45

0




D.R.Y. PRINCIPLE

200
100 -

200
100 -

N

o

o
I
>

200 -
100 -

|
o p Tree
-4
N X e )
= 5
% N -+ 1
100 - + 3
: £ 200-
/ 100 A

200 -

Circumference (mm)

0 500 1000 1500
Age (days) 100 -

Circumference (mm)
S

o

0 500 1000 1500
Age (days)
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BENEFITS OF SCRIPTING GRAPHICS

> EXPLORE MORE POSSIBILITIES

Save time

Try multiple variations

> CONSISTENCY

Re
Se

oroducible code & aesthetics

f-documenting analysis
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OUTLINE

> A VISION FOR GRAPHICS

- Aesthetics and impact

- TOC figures, slides, posters

inconvergent.net


http://inconvergent.net

(Use colour fo exPlair\, never- J'us+ +o
decorete. Do not nicke some+L.iné
Pr‘e#y For '/'L.e scke of Pr‘e'/"/'iness

or because colour- IS available.

Jan V\/L.hLe



TL.e +emP+a+ion of +L.e

aveailable m'c_L.es s irresistible

\.)a'\ V\/L.hLe



CHOOSING COLOUR PALETTES

wesandersonpalettes.tumblr.com

61


http://wesandersonpalettes.tumblr.com

WHY USE COLOUR?

> USE COLOUR TO SYMBOLISE
Be logical & follow conventions
> USE COLOUR TO PRIORITISE INFORMATION

Smaller areas brighter, larger areas lighter
> USE COLOUR TO IDENTIFY A RECURRING THEME

Be consistent
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CHOOSING COLOUR PALETTES

“rainbow” IIBAD CHO | CEIEE

“viridis”

g | B
Sequence | IR ]
Continuous [N I N IS S
Diverging -- --

Note: ~8% of males, 0.5% of females, are colour blind

“cubehelix”




COLOUR AND CONTEXT

Absorbance [102 cm™]

Crystal Violet (10nM)

a ~N,. . -
N
|\
=
ot
\&4 = N/
| |
)
502 588
4 - ; 4
3_
2_
1_
0_,—

450 500 550 600 650 700

Wavelength [nm]

Nile Blue A (10nM)

Rhodamine 6G (2.5nM)

0.5

0.4 -

0.3 -

0.2 -

0.1 -

0.0

------

0.8

41 0.0 -

|
500

| |
600 700
Wavelength [nm]

800
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526 538
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|
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1.00

o

~

o1
|

Absorbance
()
(@)
o
|

(a)

varying
#DBR pairs

0.25 -
0.00 - I I |
1000 1010 1020 1030
Wavelength /nm
1.00 735700
40 (b)
45 varying
0.757 Au thick.

Absorbance
o
@)
o
|

o

N

&
|

0.00

I
980

I
960

I
1000

Wavelength /nm

|
1020

Linewidth /nm
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) =
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L] =
© ke
3 %
© £
c ]
o
prd
=
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<
O
3
16 pairs <
]
= . | |
1000 1010 1020 1030

Wavelength /nm

)
- \(d)
e
4 - \\.Frad
o [diss \'\,.\13
o o

| 1 |
8 10 12 14 16

number of DBR pairs

Fdiss

I I I
10 20 30 40 o0

Au thickness /nm

(f)

Fdiss

134

Frad

|
0 100

200
ydrude/ THz

300
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CLUSTER MATERIAL INCIDENCE CDA SYSTEM A
positions A
X
y I3
Z ______________________________________
sizes N aij .
a < e
b 3N
C
0 angles Incidence
0 B
v \ :
Nr N ——
(M) ora(\) a 3N,
POLARISABILITY / DIPOLE MOMENTS
Alpha AlphaBlocks
Rotation \
(o, 6, ¢)
(5) o v O polarisability
RTE® R = tensors
Oy
3N,
3
3 (not actually
o expanded)
0{{{(/\) /

Ei

in
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TABLE OF CONTENTS ARTWORK

air a a toluene

ance

{t

e 2 - S .
— 2

-y o 5 Rl

N~

: 2 o

[ ST i fE L
o [ s v
fv z -AeAs
i

A {

Transmi

SSseo

R S 400 600 800 1000
solvent g Wavelength /nm
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T
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Raman cross—section /1072 ¢cm? sr’

N
-
()

100|

()

Nile Blue in water

1647 cm™’

595 cm™’

500

|
550 600
Wavelength /nm

|
650

700
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SCHEMATICS: MINIMAL & ANNOTATED

laser

polarisation

control

BFP
lens

A

y

BFP

fluorescence
Rayleigh,
SERS A

NPs

llaser

objective
lens

spectro.

beam [[1] T
L] \ A
splitter '~

-/

> > - —

slanted A
glass cube A A

microscope
objective =t

oil —

N
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Cell

Lens

N2 plate

~ lens

Laser

Fluorescence
+ Raman

Lens

Second stage

Glan-Thompson

Spectrometer

polariser |

_________

obe3s 15414

abe1s piiy |
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beam
expander

}

beam size (D)

BFP lens

slanted
glass cube

______ BFP

objective

spot size (S)
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GRAPHICS FOR PRESENTATION SLIDES

PARTICLE ARRAYS CHIRAL NANO-STRUCTURE

®

. “
v
N \ ) L°
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GRAPHICS FOR SLIDES — MINIMALIST

EXPERIMENTS THEORY

2.0 -
T'E ) continous shell
S (Mie theory)
S
g 1.0 -
-
(q0)
Q _
3
0 dipoles

0.0 : : ! | &

550 600 650 700 Mie theory

Wavelength [nm]
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SLIDES — MINIMALIST

Subtracted-Shifted RS

flat-field-corrected Continuously-Shifted RS

e, AN WW’\
4 A4

T i
SpectrumZ

Aot WM%A‘“
leference J\r

CCD pixels

Differences

(50 spectra)

(505h/ft5) 5
Average (Flat-Field) Average
; A, NW“\M A
= RAYA .
CCD pixels Wavenumbers

74




Transition Matrix

Einc = Eo Z anmMW) (kir) + bymN (Kyr)

electric-electric
magnetic-electric
electric-magnetic
magnetic-magnetic




ROSIERS

T ell +Lhern o work on a better
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WHAT ARE POSTERS FOR?
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DEVIL’S ADVOCATE

> POSTERS CAN BE GOOD FOR

Lab advertisement (appealing, introductory)
Discussing our research less formally
Showing the “big picture” - e.g. xkcd.com/980

> A SPECTRUM OF USES

Interactive discussion vs individual viewing
Serious vs introductory - consider your audience
;A lesser oral presentation?
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GUIDELINES FOR POSTERS

> TELL A COMPELLING STORY

Focus on main points
- Attract the viewer’s attention
Use few words, lists

> TEST FOR EFFECTIVENESS
> POSTERS ARE A HYBRID MEDIUM

Complement with discussion (prepare it)
Consider other supports (tablet, 3D model, ...)
Be original, but not distracting (message first)
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POSTER TIPS

> BE MINIMALIST

Use only what’s required for your story
Find a beautiful illustration
Be consistent and structured

> FACILITATE THE COMMUNICATION

Choose meaningful colours and illustrations
Design with balance, think of negative space
Be ready to present

81



POSTER TIPS

>~ FONTS
Few styles, consistent
24pt minimum

- Appropriate (e.g. Helvetica, not %or Comic Sans)

> STRUCTURE
Not an abstract: be concise
Results first: get the attention

Good flow: reading order must be obvious
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Plasmonic Optical Activity

. 7

Baptiste Auguié

Co-workers:
Quimica Fisica
Andrés Guerrero-Martinez
Luis M. Liz-Marzan
(0,9 o) Quimica Orgdnica
oo José Lorenzo Alonso-Gémez
UniversidagVigo M. Magdalena Cid

MorTIVATION

A natural pairing with stereochemistry and biological applications, conjointly
with the pursuit of negative refraction, have triggered an intense activity in the
design of chiral metamaterials, from microwave frequencies to the visible. In the
vast array of proposed designs, the focus has been largely on pericdic, often 2D
structures. In contrast, colloidal synthesis offers the perspective of producing
truly 3D chiral and isotropic structures en masse, with a versatile and comple-
mentary manufacturing process.

Minimal CD model

N

\

200 nm

Highly-symmetric shapes such as nanorods do not generally produce optical
activity, and an average ensemble of such particles freely moving in solution
is intrinsically achiral. A rapidly expanding number of studies [1-3] (and refs.
therein) have put forward the development of strong optical activity via a chiral
conformation of aggregates ordered onto a suitable template.

CouprLED-DipoLE MoODEL

Aj
) d '
)
/ { N
n)

Chiral dimer of nanorods Exciton-coupling
Minimal model of plasmonic opti- Original theory of coupled-dipoles,
cal activity [2-4]. Coupling between recently revisited in the context of
the plasmon mades + chirality. plasmon hybridisation

The intense CD signals coincide with the excitation of localised plasmon reso-
nances, and offer a promising avenue of research at the interface between nano-
optics, plasmonics, and stereochemistry. The characteristic bisignated lineshape
of the CD spectra is reminiscent of a parent mechanism known as exciton-cou-
pling in organic chemistry.

ExPERIMENTAL RESULTS

Different scales of metallic building blocks

The coupled-dipole approximation provides an intuitive PP
and encompassing framework to describe optical Py~
activity arising in dissymmetric (chiral) structures. . @
g - ™™ &
y o @
Au,, € P G o
& elee”
e &f
@
— — ‘ —
~1nm ~10nm ® ~100nm

Atomic cluster Nanoparticle Collection of NPs

Absorption bands Plasmonic response Plasmon hybridisation

Plasmonic nanostructures from colloidal chemistry can enrich the emerging
field of metamaterials and widen its spread of applications with hybrid designs.

Calculated spectra Experimental spectra
107 100
Esa0 Monodisper a0
$ :
Z610° =
£ §
£a Polydisperse -
3 %
s w

D (milidegrees)
o
o o

D (milidegrees)

-20
~100- Fipres /
40
")
-60 20

-200
400 500 600 700 800 900 400 500 600 700 800 S00 1000
Wavelength (nm) Wavelength (nm)

The data reported above were obtained from assemblies of gold nanorods onto
helical fibres [1]. The difference in extinction for left-handed and right-handed
circularly polarised light, defined as circular dichroism (CD), presents a mirror-
image spectrum for the two fibre enantiomorphs. Modelling suggests such op-
tical activity results from electromagnetic interaction between nanorods.

OutLook
Beyond what we know — 506 - g-factor
Building on these rich analogies, & o 2700 | ncrease
assemblies of plasmonic particles 803 o aom] ©TCDA
provide new perspectives into the go2 — | break-
mechanisms of optical activity and its £ g-}) * / down?
relation to chirality at the nanoscale. 1w 15 20 25
Aspect ratio

With regards to nano-optics and plasmonics, we propose:

- T-matrix modelling, beyond the coupled-dipole approximation (CDA)

- Contribution of higher-order modes; influence of scattering/absorption ratio

- EE(G|L)S / Cathodoluminescence mapping of a single chiral cluster

- CD spectroscopy as a tool to investigate the symmetry of plasmonic assemblies
- Large-scale numerical optimisation of optical activity in nanoparticle clusters

Rererences

[1] A. Guerrero-Martinez et al. Angew. Chem. 50 (2011)

[2] B. Auguié et al. J. Phys. Chem. Lett. 2 (2011)

[3] A. Guerrero-Martinez et al. Nano Today 6 (Review, 2011)
[4] http://cran.r-project.org/web/packages/cda (open-source)
Thanks: Javier Garcia de Abajo (CSIC, Madrid)
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RaDIATIVE CORRECTION FOR
ELECTROMAGNETIC SCATTERING

Eric Le Ru, Walter Somerville, Baptiste Auguié

The MacDiarmid Institute for Advanced Materials and Nanotechnology

School of Chemical and Physical Sciences

Victoria University, Wellington, New Zealand

Motivation— With the recent increased interest in the optical proper-
ties of nano-particles, there has been a strong incentive to develop sim-
ple methods to solve the electromagnetic (EM) scattering problem for sub-
wavelength objects of general shape and composition. The quasi-static
approximation is particularly well suited for the rapid and accurate mod-
elling of such small scatterers. However, because this approximation in-
trinsically neglects radiation, it cannot satisfy the conservation of energy.
The recurring issue of defining a rigorous self-reaction correction has
thus resurfaced in this particular context. To date, this correction has
been introduced only heuristically, and only for the simplest cases.
We propose a formalism in which such radiative corrections (RC) to
EM scattering can be justified rigorously and generalized to any oth-
er cases, including point or body scatterers, and to any multipolar order.

— THe Case oF A PoinT DipoLE —
+ Power extracted by such a dipole from the EM field is Pexy = %@IM(a0)|Einc]?
« Also the power absorbed, P,ps, in the electrostatics approximation

+ Energy conservation Peyt = Paps + Psca is violated for optical properties

Self-field corrected polarizability

« Enforces energy conservation, but G is infinite. ..
« Common prescription: use the finite, imaginary part
ao

a= T
1- l,,s“lao

— T-MATRIX FOR LIGHT SCATTERING —

Relates field expansions of incident and scattered fields in a basis of vector
spherical wavefunctions,

(

Einc(r) =Eo ) ayMD(k1r) + by NP (kyr),
v

Esco(r) =EoZPvM9)(k1l’) + NP (k1)

Link with S-matrix: S=1+2T
Cayleigh transform
We define a reactance matrix, K

K=iI-S)(I+S)!

Energy conservation

T+T=2T"Tess =1oKk=K'

ﬂffgﬁc inpreggion J‘lﬁ-fﬂcﬁﬂl
— Ricorous RC IN THE T-MATRIX FRAMEWORK —

« Energy conservation is expressed as K=K' (non-absorbing)

« Absorbing particles: iK-iK' is Hermitian positive semi-definite (K is dissipative)
(generalizes Im(K) = 0 for a response function K, to matrices)

« Given an (truncated, approximate...) expression for K, we obtain a radiation-
corrected T-matrix, automatically satisfying energy conservation,

Example of a point dipole

3,
Using the approximate T-matrix from electrostatics, Kf,o) = -in,o) = é‘%

We justify . ao
o 43
1- ‘xso =1 %0

Recent examples scattered in the literature

i(n + 1)k20+1 =
n2n-Dh@n+nu"| o

ik3 €0 0
3\ 0 l/uo)

General multipole correction
from Mie theory [5] an

Bianosotropic lossless scatterers [6] =1 —15F
also [7] with magnetoelectric coupling &~ ~ (@) =-
Outlook— Using this formalism, radiative corrections to EM scattering can be
justified rigorously and directly generalized to point or body scatterers, and to
any multipolar order. Notably, these results trivially reproduce, and make a con-
nection to, several independent results for special cases that were scattered in
the recent literature.

Remarkably, the use of the K-matrix avoids the appearance of any infinities in
the derivation of the radiative corrections, which we believe may have implica-
tions beyond EM theory.

— REFERENCES —

[1] P.de Vries et al, Rev. Mod. Phys. 70, 447 (1998)

[2] A. Wokaun et al, Phys. Rev. Lett. 48, 957 (1982)

[3] M. I. Mishchenko, L. D. Travis, and A. A. Lacis, Scattering, absorption and
emission of light by small particles, 3rd ed. (Cambridge Univ. Press, 2002)

[4] R. G. Newton, Scattering theory of waves and particles
(McGraw-Hill, New York, 1966)

[5] G. Colas des Francs, Int. J. Mol. Sci. 10, 3931 (2009)

[6] P. A. Belov et al, Tech. Phys. Lett. 29, 718 (2003)

[711. Sersic et al, Phys. Rev. B 83, 245102 (2011)




EETERI Surface Plasmon-Polaritons

Baptiste Auguié =
Prof. Bill Barnes

Thin Film Photonics Gmup
School of Physics, University of xeter
Exeter, Devon — EX4 4QL- UK

" Attogram Sensitivity Project

k7: Attogram project, in collaboration between the Universities of Nottingham and Exeter intends to |
find the most sensitive technique to detect optically a few biological molecules in solution. Classical '

methods make use of Attenuated Total Reflection of light as a very sensitive probe of any change in
refractive index on the surface of a glass prism (see "What is a SPP?’).

This scanning method is being used and improved in Exeter with an ultra-sensitive differential surface i
plasmon (d-SPR) ellipsometry technique designed by Dr. |. Hooper, leading to sensitivity as accurate as |

a 10°° change in refractive index of the solution under study.

Another topic of interest is the design of arrays of nanoparticles, which support so-called Particle Plas-
mons when they are excited optically. These structures are expected to be even more sensitive to the |
presence of molecules near the surface, as the electromagnetic field is greatly confined in some hot |

. spots where any change in refractive index may strongly change the plasmon resonance.

n Blosensmg

W’hat 15 a SPP? A

urface Plasmon-Polaritons are electro-
gnetic waves which propagate along
ms interface between a conductor (gold, :

), and a dne!ec‘mc (air, water, ...). The rwem
eedric field characterizing such waves exhib-
{its an exponential decay in both media. For SPP pro |ng on planar
' surfaces, this decay length is typically 200 nm in the dielectric, and about
times shorter in the metal.

| Optical excitation of SPPs
' SPPs have a shorter wavelength than light in free

uency. Because of that, di-
SPPs is not possible. Using the electric field of a

for example using a #
pnsmssshownbeb 29

Ahsevbeamhhsmes.rfaee and

" Differential SPR ellipsometry

z ooking at intensity reflected from a planar surface as  The sstup makes use

a function of lnc:denl angie ls not the most accurate  of a poarnization duh-
technique one can use. I as been shown that a enng at a angnven

ization-sensitive dlffenetmal teeh syn-

by ord chvu\ws detection at

states of polarization, only one of them bemg affected by
! the plasmon resonance.
| Polarization of a wave describes the
| direction of oscillation of the electric ge P
| fleld: } . centation of tho analte is
. gmemlly rotates in time, drawing g£;¢ sean as a changa in the signal.
I

-twoelgensmtes sand p. Onlyp * sensitiity of 10 RIU have

light couple been demonstrated
PPs, the ov?msr smtag remains unallected

« the azlmum is characteristic of the phase difference
between thi

* Particle Plasmons

( } hen making noble metal particles at a nanometer scale,
. SPPs become localised and the structure exhibits a resonant
. oscillation of the conduction electrons. This results in dramatic
. changes in extinction of light (absorption and scattering being
« strongly related to the particle size, spacing, and surrounding
. medium). The sensing volume is reduced down to a few tens

¢ of nanometers, around some very sensitive ‘hot spots’.

! Different metheds are being used to s
make these particles, such as,

| » Nanosphere lithography

| »anarray of nanospheres acting as a
mask

. »metal depaosition

| »lift-off, leaving triangular particles in|

+ an hexagonal array

. = e-beam lithography
»exposing a photoresist
»developing, coating, and lift-off

« »large variety of shapes and sizes

« Colloidal particles
| »growth in solution
g 5"9'5°VVSEJS

Comluslonb

SPPs have been proved to provide an efficient technique for sensing.

Here we intend to further increase sensitivity, and probe biolegical processes in real tme.
Different techniques are being explored,

Differential SPR elhpsomotry

By locking at i 1 rather than i and using a differential technique, one
can increase sensttivity by a factor of 2 at least. A two channel system is being developed to
normalized out for thermal and pressure variations.

Localised SPPs

With many different production techniques available, and a wide variety of sizes and shapes,
particle plasmons give us the opportunity to carry out many expariments and modeling. Good
sensitivity is expected as a result of a much smaller sensing volume.

(2) receptor molecules are added, carefully distributed on the
nanoparticles. This layer causes a change in extinction
spectrum, due to a change in refractive index.
finally, i i , some target molecul " S P

ﬁ)w':% ',mmﬁ:m seen as a minor change: ¥ Automation for pharmaceutical industry, via an array |

| undergoes total internal reflection when the incident angle is above a critical |
‘ angle. If we go further in angle, we may match the resonance condition with |
| SPPs propagating at the metal/air interface. This results in a sharp dip in |
 reflectivity for this particular angle. Here we plot reflectivity curves for two
« different schemes, '
bare metal coating,
adding an overtayer on the surface. A shift in the rescnance position Is
characteristic of the change in refractive index close to the surface.

¢ !nteresﬂn biosensing

« = optical probing — non-intrusive method

+» can achleve great sensithvity: any change in refractive index in the few hun

| dreds of nanometers to the surface leads to & huge change in the excitation
of these waves (rescrance condition).

- To go further

. » differental technique: increase signal to noise ratio giving two orders of
magnituce greater sensitivity (see "Cifferential SPR ellipscmetry’)

. ;‘naln limits ars nti';e from temperature and oressure | o two channal fuid call, to subtract the nolse due 1o tharmal fluctuations, pres-

uct channgl experiment (ore being a + |
e two orthogonal states of polarization p relerencej s beng deveiopad, 1o cancel of.n thesa vgre- b

L e reducng the sensing volume, using localised plasmon rasonance n nanc-
:\ partcle arrays (see ‘Particle Plasmons”) K

» shape of the particles
» array pitch
» materials

» wavelength,...

v Observation techniques
» dark field spectroscopy
» fluorescence
o » reflection and transmission

L e
(7)a bare gold particle is characterized (e.9. measuring extinc- v Experiments on biology,
tion spectrum)

» BSA (Bovine Serum albumin) binding on gold
+ protein folding (Ca?* / calmodulin)
» gene expression monitored by RNA loading

printer to label thousands of molecules in a row.
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Attogram Sensitivity

he Attogram project, in collaboration b
find the most sensitive technique to det
methods make use of Attenuated Total R
refractive index on the surface of a glass p

ettt e

both media. For SPP propagating on planar
is typically 200 nm in the dielectric, and about

. Because of that, di-

s is not possible. Using the electric field of a
requires a External angle (° )
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CRITICAL COUPLING OF LIGHT

to TAMM SURFACESELAS , 0% (critical coupling), and optical energy is re-
Baptiste Auguié, Viviana Villafane, Axel B dro Fainstein

Centro Atémico Bariloche e Instituto Balse > Negro, Argentina dIStrIbUted In transm|55|0n and absorpt|0n [4]'
] I I I I I l I 20 nm Au, 12 pairs, inc. DBR 50 nm Au, 10 pairs, inc. DBR

Introduction

Tamm plasmons [1] (TPs) are electromagnetic
modes confined between a Distributed Bragg
Reflector (DBR) and a noble metal (e.g. gold); in
contrast to surface-plasmons, they may be ex-
cited at normal incidence, and present a high-
quality factor, making them promising candi-
dates for enhanced light-matter interaction,

non-linear optics, optomechanical coupling
[2,3]. Upon excitation of TPs, a dip in reflectivity
is observed, which may be optimised to reach
0% (critical coupling), and optical energy is re-
distributed in transmission and absorption [4].

20 nm Aw, 12 pairs, inc. DBR 50 nm Au, 10 pairs, inc. DBR

800 900 1000 1100 800 900 1000 1100
wavelength /nm

) ‘ / ,‘ » ( | L 57 A . 141
o 0 i 0 y In this work, we describe the conditions that

In this work, we describe the conditions that Au-DBR structure

yield vanishing reflectivity at the TP resonance, & o
and further discriminate the regime of total Au-9x(GaAs/AlAs)-GaAs

absorption.

. o . o A . . .

Py : » optimal TP excitation requires different 4 . | n C | d e n Ce. A U S | d e
C"t,ca’ coup hng parameters for either side Tun'ng

» transparency, T=1, only in a dissipationless » from DBR: ~13 pairs, and thick Au layer » The TP mode shifts with the dielectric layer

symmetric resonator » from Au: ~35nm, and s DBR pairs thlckness next to the Au layer

R (Qdiss anlﬂ il lekz) 100,Incidence: DBRside __ incidence: Au side
(Quiss + Queak2 + leu) 75
» R=0 (critical coupling) when
Qaiss = Qieak
»if Q) , = 0: complete absorption

Absorbance

1.00 incidence: DBR side 1.00 incidence: Au side

~ 1000 1050 S50 1000  105C
wavelength /nm

Conclusions
» The theory of open resonators and critical

coupling sheds light on some counter-intui-
tive features of Tamm modes

» A regime of complete absorption can be
reached, with optimal field enhancement

» Applications may include thermal emitters,
optical communications, and sensing.
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201000 'ﬁv‘e‘i‘e‘ﬁ,;&" 010401040 [4] Rev Mod Phys 80(4), 2008
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C S RS — CONTINUOUSLY-SHIFTED RAMAN SPECTROSCOPY

Needles in a haystack: recovering tiny
signals in bright-lit CCD detectors

Baptiste Auguié, Antoine Reigue, Eric Le Ru, Pablo Etchegoin

The MacDiarmid Institute for Nanotechnology
School of Chemical and Physical Sciences
Victoria University, Wellington, New Zealand
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— MOTIVATION —

In many important applications, excitation of a

dye near an absorption line conjointly produces

intense fluorescence that overwhelms the Raman

peaks [1]. This practical difficulty is commonly re-

garded as an obstacle for conventional spectro-
1072~

\ Total noise
107

Fixed structure

Relative noise, ¢

10-6 o ..-....' . ..-....I x ..-....l A .......I ‘. .......l . .”.,..‘
0 ' 10* 10° w* 10°
Number of spectra, Ng

If a flat-field correction scheme can be devised to
eliminate the fixed-structure contribution from
the CCD counts [1,2], the acquisition of multi-
ple spectra will regain photon-limited statistics,

—

scopic tools. The general issue we seek to address
is how to retrieve comparatively small features in
a large background using a standard spectrom-
eter equipped with a CCD detector.

#spectra 10 100 1000 10000

A o
e

Beating the average — The signal-to-noise ratio
that limits the detection level of Raman peaks in
the fluorescence background can be improved
by averaging many spectra. However, this proce-
dure rapidly meets a major obstacle [1,2], a fixed-
structure noise that is insensitive to the photon
counts, limiting detectable Raman signals to Ra-
man-to-fluorescence ratios below 10-.

photon
noise

whereby the relative rms noise, and therefore
the detectable Raman- to-fluorescence ratio, can
reach e~ 107,

— METHODOLOGY —

Using a standard CCD-based spectrometer, we
present a practical method that enables routine
resonant Raman measurements of dyes with high

quantum yield. With multiple shifts of the diffrac-
tion gratings the pixel-dependent noise structure
is captured and used as a flat-field correction.

Fluorescence ~ Glan-Thompson

- - ; i Spectrometer
Experimental setup — Schematic representation  cell +Raman palaliser E
of the triple-subtractive spectrometer (T64000, I
Honf)a Jobm'-Yvon), and .the 90° scattering config- Lot - zf“
uration usedin ourexperiments. A Glan-Thompson M2 plate B
. . . Iy )
polariser is used at the entrance of the spectrom- Baiis gl
eter, the incident linear polarisation is selected by gl
aA/2-waveplate. b
In a typical experiment, multiple spectra are ac- Laser :
quired for ~50 positions of the gratings, each to- &
talling ~10° counts at the central wavelength. o ”
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CSRS flat-field correction — Peak-retrieval meth-
odology on simulated data. (a) 11 shifts of 5cm™’
each. (b) Fixed-structure noise after removal of a
4th-order polynomial. A black arrow indicates the
position ofthe Raman peak. (c) Sameasin (a), plot-

—

Raman shift [cm™]

I 1 T T I I
600 650 700 500 550 600 650 700

Raman shift [cm™]

ted against CCD pixels. The black curve is the aver-
age of all spectra (flat-field). (d) Recovered spec-
tra after flat-field correction. (e) Average spectrum
from (d), plotted against wavenumbers. (f) Second
background subtraction and original Lorentzian .
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ADDITIONAL LINKS

v

https://github.com/kbroman/Talk_Graphs

~ http://www.perceptualedge.com/examples.php

v

http://colinpurrington.com/2012/example-of-bad-scientific-poster/

v

http://tools.medialab.sciences-po.fr/iwanthue/

v

Aspect ratio: http://vis.berkeley.edu/papers/banking/

v

http://earthobservatory.nasa.gov/blogs/elegantfigures/

2013/08/06/subtleties-of-color-part-2-of-6/
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SUGGESTED SOFTWARE

> PLOTS

Python, R (static)
D3, plot.ly (interactive)
- Tableau (expensive)

» SCHEMATICS & LAYOUT

Inkscape (open-source)
+ Adobe Illustrator, Indesign (expensive)
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http://plot.ly

