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SUMMARY

® Plasmon response with the current setup of the optical system

® Barycenter shift with Carbon Ion samples

Study of brightness stability after the microscope optimization

V. Gentile






PLASMON ANALYSIS UPDATES

Microscope optimization in terms of brightness response for each
polarization angle (T. Asada, A. Alexandrov)

2017 20]—8 - May Enties 1612202

Entries 967874
Mean 3.521 Mean 4.001

Std Dev 2.429 Std Dev 2.312
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Number of clusters for each polarization angle (NP40nm)
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PLASMON ANALYSIS UPDATES

The current setup on the other side shows now a very large anisotropy

The source of this anisotropy has not been studied yet

2017 - Dec Enties 3045 2018 - May

Mean  —0.03985 Entries 5952

Std Dev 0.9061 C Mean -0.08647
B Sid Dev 0.7715
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¢ [rad]

Phi angle distribution — Expected isotropic (INP40nm)
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PLASMON ANALYSIS UPDATES

Anisotropy affects mainly rotating grains, i.e. static grains without any
preferred direction

AD is the maximum angular

distance between two polarizations
of the same collection

AD versus O
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PLASMON ANALYSIS UPDATES

Entries 344

Mean -0.02791

Std Dev  0.8586

AD is the maximum angular

distance between two polarizations

fL of the same collection
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Reduction of the anisotropy
with A® <1

Only 5.7% of dataset survives
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C 100 keV




PLASMON ANALYSIS UPDATES

Signal is mainly contained in the 0 < A® <1 region

Entries 19834

Mean 1.64

Std Dev  0.8313

A®D versus P Phi angle distribution
V. Gentile
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PLASMON ANALYSIS UPDATES

No barshift cuts
Barshift > 30nm
Barshift < 30nm

No cut on AP

Entries 19834
Mean 1.64
Std Dev  0.8313
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Phi angle distribution
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PLASMON ANALYSIS UPDATES

Signal is mainly contained in the 0 < A® < 1 region

Entries 11805
Mean 1.613
Std Dev  0.878

&

A®D versus P Phi angle distribution
V. Gentile




PLASMON ANALYSIS UPDATES

No barshift cuts

Barshift > 30nm
No cut on AD Barshift < 30nm Cuton AD <1

; Entri 6427 ies 37 -
Entries 11805 niries Entries 5378 Entries 2099 Entries 1600

Mean 1.613 Mean 1.583 Mean 1.65
Std Dev 0.878 Std Dev 0.8512 Std Dev 0.9075

Mean 1.565 Mean 1.553
Std Dev  0.768 Std Dev 0.7262

Entries 499

Mean 1.601

Std Dev  0.888
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Phi angle distribution
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PLASMON ANALYSIS UPDATES

Microtracks

C 100 keV

Nanotracks

|I\I|1[I|III]III|II]|III|I]I]

Entries 6884
Mean 1.612
Std Dev 0.6846

C 60 keV

Entries 12474
Mean 1.609
Std Dev 0.581

0.5
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Entries 1600
Mean 1.554
Std Dev  0.7256

Entries 1547
Mean 1.625
Std Dev  0.7577

0.5

Phi angle distribution
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C 30 keV

Vertical




PLASMON ANALYSIS UPDATES

No signal expected in the 0 < A® <1 region

A clear instrumental peak is present around 0 rad

Entries 99233

Mean 1.618

Std Dev  0.9842

CJO

AD versus @ Phi angle distribution
V. Gentile




PLASMON ANALYSIS UPDATES

No barshift cuts

Barshift > 30nm
No cut on AD Barshift < 30nm Cuton AD <1

Entries 99233 | | Entries 51548 || Entries 47685 Entrias 2654 | | Entries 4943 | | Entries 7597

Mean 1619 Mean 1622 | | Mean 1615 Mean 1.591 Mean 1.543 Mean 1.56

3 ey 0979
Std Dev  0.9842 Std Dev 09598 || std Dev 1.01 Std Dev 0.9793 Std Dev  0.9837 Std Dev  0.9824
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Phi angle distribution — Instrumental peak still present
V. Gentile




C 30 keV
Horizontal

90°




PLASMON ANALYSIS UPDATES

Signal expected in the 0 < A® <1 region

A clear instrumental peak is present around 0 rad

Entries 76335

3 B
10 Mean 1643
Std Dev  0.9546

AD versus @ Phi angle distribution
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PLASMON ANALYSIS UPDATES

No barshift cuts

Barshift > 30nm
No cut on A®P BarcHitt="30%m Cuton A® <1

Entries 50617 || Entries 25718 || Entries 76335 Entries 8077 Entries 3930 Entries 4147

Mean 1.655 || Mean 1.618 || Mean 1.643 Mean 1.565 | Mean 1599 | | Mean 1.533
Std Dev  0.9513 || Std Dev  0.9607 || Std Dev  0.9546 ‘|_|-L|-F'-|_|J Std Dev 0.9183 Std Dev 0.9568 Std Dev  0.8791
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Phi angle distribution — Instrumental peak still present

Signal peak evident after cut
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C 30 keV
Horizontal

135°




PLASMON ANALYSIS UPDATES

Signal expected in the 0 < A® <1 region

A clear instrumental peak is present around 0 rad

Entries 73569

Mean 1.661

Std Dev  0.9716

AD versus @ Phi angle distribution
V. Gentile




PLASMON ANALYSIS UPDATES

No cut on AP

No barshift cuts
Barshift > 30nm

Barshift < 30nm Cuton AD < 1

Entries 27012

Mean 1.69

Std Dev  0.9963

Entries 46557 Entries 6510 Entries 3775

1.644 1.757 Mean 1.805

Std Dev  0.9608

Mean Mean

Std Dev  0.9565 Std Dev  0.9563
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Std Dev  0.9716
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Phi angle distribution — Instrumental peak still present

Signal excess visible after cut
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PLASMON ANALYSIS UPDATES

PDF Ratio between C 30 keV ion horizontal samples and vertical sample

Expected: 90° - Measured: 90° Expected: 135° - Measured: 136°

Entries 1807
Mean 1.828
Std Dev 0.8707
%2 / ndf 4714/ 42
po 1.964 + 0.149
p1 2.373 + 0.037
p2 0.4838 + 0.0348
p3 1.298 + 0.052

Entries 1911
Mean 1.572
Std Dev 0.8051
%2/ ndf 41.57 /40
p0 1.869 + 0.161
p1 1.564 + 0.034
p2 0.4158 + 0.0392
p3 1.432 + 0.064
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Preliminary

study on brightness




PLASMON ANALYSIS UPDATES

NP 40 nm

5852

eClustMaxPeak-eClustMeanBkg

Entries
Mean 0.3689
Std Dev  0.1387
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Brightness of the clusters over Maximum variation of the
the mean background background for each collection
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PLASMON ANALYSIS UPDATES

10g Test sample

Entries 7460
Mean 0.4986
Std Dev  0.2005
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Brightness of the clusters over Maximum variation of the
the mean background background for each collection
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PLASMON ANALYSIS UPDATES

C 60 keV

SClus xR aak ol s kean Bk 1 &5 ofS0nclons A& elraiiine 100 85 oFuks

Entries 11805
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Brightness of the clusters over Maximum variation of the
the mean background background for each collection
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PLASMON ANALYSIS UPDATES

Preliminary investigation of new variables to exploit the brightness

information

Entries 11805

C 60 keV
Test Sampe
NP 40 nm

brightness

Maximum value of brightness
Average brightness of the bkg
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Mean 9.216
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polarization angle max of (eClusMaxPeak - eClustMeanBkg)

Brightness versus polarization Distribution of maximum of the

Example of a C 60 keV collection brightness over the mean background

V. Gentile




CONCLUSIONS

The optimization of microscope in terms of brightness stability

makes it possible to include the brightness in the plasmon analysis

On the other side, the new setup produces a new source of
anisotropy that needs to be reduced since it affects the efficiency of
the signal observation

The amplitude of phi angle of the collection was used to reduce the
anisotropy

A signal observation for C30keV has been achieved

PERSPECTIVES

Study of the brightness information (any ideas?)

Comparison of brightness for candidates after ellipticity cut (TestSample)
with Carbon ion sample

Estimation of plasmon analysis power discrimination
V. Gentile
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PLASMON ANALYSIS OVERVIEW

NEWSdm analysis strategy consists of a two-step approach:

1. Elliptical shape analysis for candidate selections (currently done in Nagoya)

2. Plasmon analysis for validation of candidates (currently done in Napoli)

Grains with track length about the optical resolution limit (~200 nm)
appear like a single cluster.

A single cluster therefore may consist of:
* one grain and would appear like spherical (fog-like)
* two grains inside and would have an elliptical shape (signal-like)

Elliptical shape analysis makes a selection exploiting the ellipticity of the clusters

Plasmon analysis validates the candidates looking at the cluster properties when observed
with different polarization of incident light

V. Gentile



PLASMON ANALYSIS IN NAPOLI

View dimension: 61 x 48 um?
Pixel size: ~ 27.6 nm

Bfcl (2D)

e Cluster (2D)
© Grain (3D)

The best focus cluster frame
(bfc-fr) is the frame containing
the brightest cluster.

It is calculated for each
polarization angle

For each candidate
8 measurement with different Graining process
polarization angle

Max dist between
(0°,22.5°, 45°, 67.5°, 90°, 112.5°, 135°, 157.5°) clusters (XY) ~ 300nm

V. Gentile



PLASMON VARIABLES

® (lusters (2D objects within the frame) — different polarization angles

&> Grains (3D objects) — (obtained from linked clusters) :

X 8 o Clusters > ® Best focus clusters »  Best focus cluster frames

List of variables:
* Npol — Number of polarizations linked to the grain
* lpeak — Grains with one brightness peak in the bfc-fr
* Npeaks — Grains with two or more brightness peaks in the bfc-fr
* Barshift -— Max displacement of the barycenter over all the best focus clusters

Npol = 8 (total number of polarization angles) is needed for a full and reliable analysis

‘ ) Best focus cluster
)
1peak frame Npeaks G’

V. Gentile




PLASMON VARIABLES

1peak e
|

v

Look at the max shift
of the barycenter
(nanotracks)

ipol 0 ¢l 8008 in frame 12 at xyz: 2.40 20.98 0.15

" Npeaks G

30
Two clusters very close
* and linked in one
unique grain

* Tagged as microtracks
5

Exploiting the resonance effect of polarized light:
* brightness variation;

Useful to find clusters with two (or more) brightness peak

* displacement of the barycenter of the cluster;
A large displacement means the presence of two or more grains within the cluster

V. Gentile

ipol 0 ¢l 8030 in frame 12 at xyz: 1.06 22.34 0.15




TOPOLOGICAL VARIABLES

List of variables:
* Npol — Number of polarizations linked to the grain

* Ipeak — Grains with one brightness peak in the bfc-fr
* Npeaks — Grains with two or more brightness peaks in the bfc-fr
* Barshift — Displacement of the barycenter over all the best focus clusters

New topological variables:
* PathLen — Path length of the barycenter from polarization 0° %

* MaxAmp — Max distance from the Barshift line p

Barshift threshold is not enoul%h to distinguish
signal-like from fog-like events

These new variables could improve the
characterization of 1peak clusters

_ MaxAmp
7 07 BarShift

-10 0 10

V. Gentile




PLASMON ANALYSIS IN NAPOLI

* BarShift — Displacement of the barycenter over all the best focus clusters
* PathLen — Path length of the barycenter from polarization 0°

* MaxAmp — Max distance from the Barshift line

PathlLen
BarShift

Regularity index:

ipol 0 cl 7994 in frame 12 at xyz: 11.29 19.93 0.15

BarShift = 53 nm

V. Gentile



PLASMON ANALYSIS IN NAPOLI

* BarShift — Displacement of the barycenter over all the best focus clusters
* PathLen — Path length of the barycenter from polarization 0°

* MaxAmp — Max distance from the Barshift line

MaxAmp
BarShift

Spread:

ipol 0 cl 1266 in frame 22 at xyz: -22.04 9.45 -19.65

MaxAmp
-5 DBarShift
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PLASMON ANALYSIS IN NAPOLI

PathLen MaxAmp
. Spread: :
BarShift BarShift

Regularity index:

C100keV _ hC100
Entries 15966 Entries 8820
Mean 2.481 Mean 0.1851
RMS 0.466 RMS 0.1181

[ [
NP40nm hN40
Entries 2124 Entries 662
Mean  3.056 Mean 0.3199
RMS  0.5959 RMS 0|.1348

[
C10keV hC10
Entries 38025 Entries 977
Mean 0.2787

Mean 2.94
AMS  0.5903 RMS 0.1414

o
(=]
o
=
=y
(8]
Mo

25 3 35 4 45 5 01 02 03 04 05 06 07 08
Regularity Index

Signal-like events have a Regularity Index peaked at2 — Very regular path
Signal-like events have a Spread peaked around 0.1 — Deviations from BarShift direction are small

V. Gentile



LIST OF SAMPLES

NP 40nm — Nanoparticles
Cl10keV — Carbon vertical ions

C30 keV

C60 keV = .
C100 keV Carbon horizontal ions

C150keV — Carbon vertical ions

10gTS — 10g test sample

V. Gentile

Background studies

Signal-like
events

Gelatine layer on top surface

Rejection power of plasmon
analysis on candidates




NP 40nm

1Peak clusters

BarShift > 30nm : 11.72 %

Displacement of the barycenter

Mean
RMS

Entries 2124

19.44
10.11

OQ

Mean BarShift ~ 20nm

80 100
BarShift [nm]

V. Gentile

Phi angle distribution

Entries

BarShift < 30nm
BarShift > 30nm

RMS

2124

Mean -0.05604

0.8579

-1.5 -1 -0.5 0

0.5

Not-physical anisotropy




C10keV

1Peak clusters

BarShift > 30nm : 21.14 %

Displacement of the barycenter

Entries

Mean
RMS

37838

22.94
10.99

II|IIII|IIII|IIII|IIII|IIII "lJlllll
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Barshift [nm]

Mean BarShift ~ 23nm
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Phi angle distribution

Entries

RMS

38025

Mean -0.04146

0.8848

BarShift < 30nm
BarShift > 30nm

ﬁ

-1.5 -1 -0.5 0 0.5

Not-physical anisotropy




POSITION ACCURACY

NP40nm

Entries 2124

{3 e 3 o B e o e e = e e e

I r——

Mean -1.908
RMS 729
%2 / ndf 69.63/18
Constant 458.8 + 14.1
Mean -1.837 £ 0.142
Sigma 6.431+0.138

C10keV

Entries

950 -40 -30

N EE U R
-20 -10 0 2
x displacement [nm]

Entries 2121

Mean -2.035
RMS 6.316
#2 [ ndf 50.33/ 14
Constant 618.9+18.4
Mean -2.017 £ 0.123
Sigma 5.606 + 0.113

B

0 40
y displacement [nm]

Mean
RMS

37948
—0.891
5.58

2 { ndf 968.3 /38
‘Gonstant 6438 + 46.1
Mean —0.9248 + 0.0262
Sigma. 5.041+ 0.0256

20 40
x displacement [nm]

Entries

Mean
RMS

37976
1.428
6.259

%2 / ndf 1764 / 42
Constant 6161+ 46.8
Mean 1.426 + 0.027
Sigma 5.158 + 0.028

V. Gentile

0
y displacement [nm]

Improvements in the
position accuracy

The accuracy achieved
in the position of the
grains is ~ bnm




C100keV

1Peak clusters
BarShift > 30nm : 55.24 %

Displacement of the barycenter Phi angle distribution

Entries 14640 B sarsnit > 30nm
Mean 35.38
RMS 1951

— BarShift < 30nm

FROM SRIM
Mean track length ~ 275nm

0 \I|II\I‘IIII‘I\II|I\II‘I\I\‘I\I\ll\l\llll\llll\

0 10 20 30 40 50 60 70 80 90 100
displacement [nm)]

Mean BarShift ~ 35nm Peak at 0° degrees
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Co60keV

1Peak clusters
BarShift > 30nm : 46.67 %

Displacement of the barycenter Phi angle distribution

Entries 6117 . BarShift < 30nm
Mean 31.25

RMS 16.34 —— BarShift < 30nm

FROM SRIM
Mean track length ~ 170nm

1111 | | | | | | | | ‘ 1111 | I 1
30 40 50 60 70 80 90 100
BarShift [nm]

OO
—_
fe=]

Mean BarShift ~ 31nm Peak at 0° degrees
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C30keV

1Peak clusters
BarShift > 30nm : 39.90 %

Displacement of the barycenter Phi angle distribution

Entries 1908 —— BarShift < 30nm

B casstit > 30nm

Mean 29.91
RMS 14.99

FROM SRIM
Mean track length ~ 86nm

BERRRA RN R RN

11 | L1l ‘ 1111 | L1l | L1l ‘ 1111 ‘ | 11
10 20 30 40 50 60 70 80 90 100 . . . 1 15
BarShift [nm] ¢ [rad]

o

Mean BarShift ~ 31nm Small peak around 0° degrees
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NANOTRACKS VS MICROTRACKS

Nanotracks (BarShift > 30nm)
Microtracks

C100keV C60keV

. Npeaks Entries 148

Mean 0.05544
RMS 0.8564

Entries 786

. Npeaks Entries 5299 Enties 495 . Kook

Mean 0.05392 Mean -0.00831

RMS  0.5854 RMS 0.7117

S R
Entries 8820

1peak && BarShift > 30nm 1peak &8& BarShift > 30nm 1peak &8 BarShift > 30nm

htemp
Entries 2855
Mean -0.01196
RMS 0.7033

Mean 0.09362
RMS  0.6359

Mean 0.05647
RMS 0.7429

lo
[4;]

1 1.5 . ; 15
¢ [rad] ¢ [rad]

A larger fraction of microtracks is found for C100keV sample while the contribution of microtracks is not
visible for C30keV sample, where the tracks are expected to be made of one grain only

V. Gentile




Test SamrLe 10g

1Peak clusters
BarShift > 30nm : 16.66 %

Displacement of the barycenter Phi angle distribution

Entries 7199 . BarShift > 30nm

Mean 22

RMS 11.43 —— BarShift < 30nm

11 | Llrd ‘ Ll | L1l ‘ Ll 11 PN BN
10 20 30 40 50 60 70 80 90 100 . . . 1.5
BarShift [nm] o [rad]

OO

Mean BarShift ~ 22nm Not-physical anisotropy
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SIGNAL SELECTION (C30keV)

Regularity index and Spread cuts have been used to reduce the anisotropy

Regularity Index < 2.3
Spread < 0.18

Sample Orientation: 0° Sample Orientation: 45°

BarShift > 30nm

- BarShift > 30nm && Rl <2.3 && Spread <1.8 E - BarShift > 30nm && Rl < 2.3 && Spread < 1.8

BarShift > 30nm

0

05 1 15 : . . 15
¢ rad] ¢ [rad]

Clear peak around 0° Small peak around 45° ?

Sample Orientation: 90°

BarShift > 30nm

- BarShift> 30nm && Rl < 2.3 && Spread < 1.8

1200

100}

gof

60

40f
0

0 05 1 15 2 2.5

No peak

A signal can be observed in the 0° orientation and barely in the 45° orientation
At 90° the signal disappear — Anisotropy effect? , Low contrast?

V. Gentile




SIGNAL SELECTION

Regularity Index < 2.3
Spread < 0.18

Test Sample NP40nm C10keV vertical ions

BarShift > 30nm BarShift > 30nm BarShift > 30nm

- BarShift > 30nm &8 Rl <2.3 && Spread < 0.18 r - BarShift > 30nm && Rl < 2.3 && Spread <0.18
L - BarShift > 30nm && Rl < 2.3 && Spread < 0.18

Anisotropy seems to be reduced after cuts on the topological variables

V. Gentile



Regularity Index

e

REGULARITY VS BARSHIFT

Test Sample

Entries 7193
Meanx 22.07
Meany 3.153
RMSx 11.43
RMSy 0.6491

80 90 100
BarShift [nm]

Reg ulgpty Index

o

NP40nm

C10keV vertical ions

Entries
Mean x
Meany
RMS x
RMSy

2124 Entries 37953
19.44 Meanx 22.98
3.059 Meany 2944
9.926 RMSx  10.97
0.5949 RMSy 0.5889

Regul_aJ&rlty Index

80 90 100 43 70 80 90 100
BarShift [nm] BarShift [nm]

SIGNAL REGION

In order to reduce the background contamination several cuts should be applied

For example, in addition to BarShift > 30nm an upper cut at 2.5 on Regularity Index improve the

background rejection
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REGULARITY VS BARSHIFT

C30keV C60keV C100keV

Entries 1919 Entries 6275 Entries 15796
Meanx 29.97 [ Meanx 31.28 Mean x 35.39
Meany 2707 Meany 2.669 Mean y 21315 31
RMSx 14.99 RMSx 16.34 Emg; 047.06
RMSy 05226 RMSy 05313 '

o
T

o
T

»
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o
T T

b
o
T

Regularity Index

S
Regularity Index
S
T T T 1T

Regularity Index
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o
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s '*F'H'F} ol

0 10 20 30 40 50 60 70 80 90 100 20 10 20 30 40 50 60 0 80 90 100 0 540 50 60 70 80 90 100
BarShift [nm] BarShift [nm] BarShift [nm]

w
w
T T 1T

g
o
T

SIGNAL REGION

In order to reduce the background contamination several cuts should be applied
For example, in addition to BarShift > 30nm an upper cut at 2.5 on Regularity Index improve the
background rejection
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SPRED VS PHI ANGLE

Entres 1147 Test Sample Eies 217 NP40nm Eries 042 C10keV
4 ean x 0.

Mean x —0.07983 Mean x -0.007866
Meany 0.2888 Meany  0.3981

RMSx  0.8563 Mean y 0.2875
RMSx 08372 RMS y

RMSy  0.1383

0.146 RMSx 07918
RMS y 0.136

‘ | | ‘ ] I | ‘ I
e

15 .
¢ [rad] o [rad]

1

Samples with grains with preferred direction have a smaller Spread (~0.2)

C30keV Entries Entries 2653 C60keV Entries 7494 Cl OOkeV
Mean x Mean x -0.01481 Mean x 0.09795
WS X weany 02360 RS 05800
RMS X .

RMS ; gmg ; 001721; u RMSy 0.1174
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* Gelatine layer on top
‘ I 5 O e s 2 surface
* Vertical ions exposure

1Peak clusters
BarShift > 30nm : 58.71 %

Displacement of the barycenter Phi angle distribution

Entries 3316 Entries 1369

Mean 36.58 Mean 0.02814
RMS 18.7 RMS  0.8905

80

60

40

20

0 \‘Illlll\\\‘\II\‘\\\\lll\\‘\\\Illll\‘\\\\ll\\\

0 10 20 30 40 50 60 70 80 90 100
BarShift [nm]

Mean BarShift ~ 37nm
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C150keV Marcuine

Entries 47
Mean 0.06149
RMS 0.03973

I I
1

Japanese predictions allow to find the

candidates from elliptical shape

selection in Napoli scanning data with
an accuracy less than 200 nm

0.1 0.2 0.3 0.4 0.5 0.6
distance from JP prediction and Napoli position [um]

o

B mmsdi g o Lr s o e e e MR ey e



CONCLUSIONS

® Position accuracy of 5 nm achieved with plasmon analysis

® Signal directional peak detected for C60keV

Small directional peak observed also in C30keV

PERSPECTIVES

Analysis of C40keV and C50keV useful to evaluate the detection track
length threshold

Study of topological variables for signal / background discrimination
Identification of new topological variables
Larger sample of candidates needed to test the different selection cuts

Use of electronic microscope needed to find the correlation between the
shift of the barycenter and the real track length

V. Gentile




THANK YOU
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