INEN

Istituto Nazionale di Fisica Nucleare
Sezione di Catania

a y) Novg-.ﬁ._ Tb,_____
R e Y

Geant4 S|mulat|ons to study the efficiency
and cross-talk probability in the new neutron
correlator NArCoS

G. Santagati’, E.V. Pagano?, C. Boiano?, G. Cardella!, A. Castoldi*3, E. De Filippo?, E. Geraci®?,
B. Gnoffo®>!, C. Guazzoni*?, G. Lanzalone®?, C. Maiolino?, N. S. Martorana?, A. Pagano?, S. Pirrone?,
CHIRONE Coll.  G. politis1, F. Risitano”?, F. Rizzo%28, P. Russotto?, M. Trimarchi’*, and C. Zagami®2#.

YINFN Sezione di Catania, Catania, Italy
2INFN Laboratori Nazionali del Sud, Catania,ltaly

’INFN Sezione di Milano, Catania, Italy
“4Politecnico di Milano, Dip. Elettronica, Informazione e Bioingegneria, Milano, Italy Su pported by
SDipartimento di Fisica e Astronomia, Universita di Catania, Catania, Italy
SUniversita di Enna “Kore”, Enna, Italy PRI N A N C H IS E

"Dipartimento di Scienze MIFT, Universita di Messina, Messina, Italy
8CSFNSM Centro Siciliano di Fisica Nucleare e Struttura della Materia, Catania, Italy (2020 H8YFRE)




The CROSSTEST experiment

* Present calculations are preparatory for the CROSSTEST experiment
Spokepersons: E.V. Pagano, T. Marchi, G. Politi, P. Russotto.

* Neutron beam from p+’Li — > 'Be+n @ 5.5 MeV.

* Two different detector configurations will be tested:
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Matrix configuration Three-cluster configuration
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Matrix configuration: CT estimation

Cross-talk definition: Simulated beam:

* 1075 neutrons in air configuration

* Einc ={1,2,3,4,5,6,10} MeV
* Uniform distribution impinging on the central

9
CT = Detected -) Cell;
i=1

Detected := Integral of the number of

particles detected by the whole Matrix cell _
detector configuration. * Cell detection thresholds: {0.0,0.5,1.0,1.5}
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Matrix configuration: CT contributions

CT DH (1-i) := Double-hits cross-talk from cell 1 to cell i with i = {2,...,9}.

CT DH (i-j) := Double-hits cross-talk from cell i to cell jwithi={2,...,9}and j={2,...,9}and | #]j.
.= Triple-hits cross-talk from cell 1 to cell i to cell j, withi ={2,...,9}and j ={2,...,9}and i #].

.= All other possible cross-talk combinations.

CT contributions CT contributions
No detection threshold Detection threshold = 0.5 MeV
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Matrix configuration: DH CT distributions
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Matrix configuration: Efficiency estimation

Detection efficiency definition: Simulated beam:

* 1076 neutrons in air configuration

* Ein.=1{1,2,3,4,5,6,10} MeV

* Uniform distribution impinging on the entire
Matrix surface

* Cell detection thresholds: {0.0,0.5,1.0,1.5}
MeV

Efficiency = Detected / Total

Detected:= Integral of the number of
particles detected by the whole Matrix
detector configuration.

Total:= Number of neutrons simulated Efficiency[%]
impinging on the entire Matrix detector 70
configuration surface.
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Three-cluster configuration: CT estimation

Cross-talk definition: Simulated beam:

* 1075 neutrons in air configuration

* Einc=1{1,2,3,4,5,6,10} MeV

* Uniform distribution impinging on the
central cell

* Cell detection thresholds
{0.0,0.5,1.0,1.5} MeV

. Cross-talk [%]
Celli:= Number of particles detected ~ ,

by one and only single detector cell i 20 —=— No thr
—&— thr = 0,5 MeV

9
CT = Detected -) Cell;
i=1

Detected:= Integral of the number of
particles detected by the whole three-
cluster detector configuration.
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Three-cluster configuration: CT contributions

CT DH (1-i) := Double-hits cross-talk from cell 1 to cell i with i ={2,...,9}.

CT DH (i-j) := Double-hits cross-talk from cell i to cell j, withi ={2,...,.9}and j={2,...,9}and i #].
.= Triple-hits cross-talk from cell 1 to cell i to cell j, withi ={2,...,9}and j={2,...,9}and i #].

:= All other possible cross-talk combinations.

CT contributions CT contributions
No detection threshold Detection threshold = 0.5 MeV
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Three-cluster conf.: CT DH (1-i) distributions

CT DH (1-i) distributions
No detection threshold

14
12
10

CT [%]
O N MO @©
o NN
~ [l W1

CT DH (1-i) distributions
Detection threshold = 1 MeV

2.5

15

CT [%]

0.5

0 —
1 2

b

Sezione di Catania

CT1-9
ECT1-8
CT1-7
BCT1-6
ECT1-5
CT1-4
ECT1-3
ECT1-2

N RN
S 11
N )
1)
o 11

Neutron energy [MeV]

CT1-9
ECT1-8
CT1-7
BCT1-6
ECT1-5
CT1-4
ECT1-3
BECT1-2

- NN
- [l
- [l
sl N

< NN

Neutron energy [MeV]

Gianluca Santagati INFN-CT WPCF-Resonance Workshop 2023, Catania, 07/11/2023

CT [%]

CT [%]

1.6

1.2

0.8

0.4

CT DH (1-i) distributions

Detection threshold = 0.5 MeV

5 6

]
3

4
Neutron energy [MeV]

CT DH (1-i) distributions

Detection threshold = 1.5 MeV

O

i

]
5

~ 1NN

2 3
Neutron energy [MeV]

- N

=Y

-
= [l

CT 19
ECT 1-8
CT 1-7
BCT 1-6
BCT1-5
CT1-4
ECT1-3
BCT1-2

CT1-9
ECT1-8
CT1-7
ECT1-6
ECT1-5
CT1-4
ECT1-3
ECT1-2



Three-cluster conf.: CT DH (2-i) distributions

CT DH (i) distributions
Detection threshold =0.5 MeV
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Three-cluster configuration: Efficiency estimation
Detection efficiency definition: Simulated beam:

* 1076 neutrons in air configuration

* Einc.=1{1,2,3,4,5,6,10} MeV

* Uniform distribution impinging on the entire
three-cluster surface

* Cells detection thresholds:
{0.0,0.5,1.0,1.5} MeV

Total:= Number of neutrons simulated =™eteney®!

Impinging on the entire three-cluster —=— Nothr

90

detector configuration surface. —— thr= 05 Mev

80 thr =1 MeV

70 —a&— thr = 1,5 MeV

Efficiency = Detected / Total

Detected:= Integral of the number of
particles detected by the whole three-
cluster detector configuration
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Future calculations

-~ Particle tracking code implementation (event by event information).
> Volume and edge effects estimations.
> Mechanical structure effects.

- Background estimation (Cosmic-Rays and environmental
contributions)

- Extension to higher energy neutron distributions.

- Attenuator material (or veto detectors) between cells (possible
solution for charged particles cross-talk).

> Final detector configuration (64 elementary cells).

......... armermeee Gjanluca Santagati INFN-CT  WPCF-Resonance Workshop 2023, Catania, 07/11/2023
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Conclusions & Outlook
According to the simulations

* Due to high cross-talk probabilities it is not possible to work with
very low detection thresholds.

* Reasonable cross-talk probabilities (~1-4%) in both geometrical
configurations were found with 1-1.5 MeV detection thresholds.

* Higher detection efficiency (~33-40%) were found for the three-
cluster configuration respect to the matrix configuration (~11-
15%) with 1-1.5 MeV detection threshold.

“ A prototype test will be performed at the end of November 2023
at LNL using a neutron beam and the experimental results will
be compared with simulations.

......... armermeee Gjanluca Santagati INFN-CT  WPCF-Resonance Workshop 2023, Catania, 07/11/2023
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Thanks for your attention!
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EJ276-G elementary cell

Each elementary cell of EJ276-G scintillator cell dimension:
EJ276G (3x3x3 cm3) is * 3x3x3 cm3
equipped with a matrix of 25

SIPM (6x6 mm?) of 30 am of SIS

thickness (= 40k microcells). * 30.7 X 30.7 Xx 0.96 mm3
The SIPM matrix is coupled PCB board dimension:
with the plastic having theirs * 40.8 x40.8 x 1.6 mm?
PAC and bias/temperature

compensation circuit * GEANT4 Libraries used:

<iNER QGSP _BIC_HP

Sezione di Catania




Attenuation stuady tor the CROSSTEST
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Physics cases and application

Energy of interest: 2 MeV < E, < 50 MeV (having particular attention for
Fermi energy regime)

Nuclear fundamental physics
In medium nuclear interaction
Intensity interferometry (HBT effect)
n-n, n-p, n-LCP, n-IMF, n-TLF, n-PLF
Studies on nuclear symmetry energy (EOS) and its
dependence on the nuclear density
Neutron stars
Reaction mechanism
Reaction times
Clustering and nuclear structure of unbound exotic nuclei
Validation of nuclear dynamics model (BUU,QMD)
Measurements of the neutron signal in the n-rich RIBs (SPES,
SPIRALZ2, FRIB, FAIR)

Some applications
Radioprotection
Measurement of neutron flux (single measurement, cross section)
Validation of MC based code(GEANT4, MCNPX)
Homeland security
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Purpose of the project:

fundamental nuclear physics examples

Intensity interferometry (HBT effect)

Correlation functions

1+

Y 'nc(q)
- C o
A9) Yineor (Q)

Space-time characterization of the emitting source ‘

| N. Colonna et al., PRL 75, 23 (1295) 4190-4193 ‘

] :" ‘_ T T T T T T 51 T T T r 1 T ™TTr ]' T T T |
l: Pewy > 160 MeV/c 1
1.2 \ !

| v = 700 fm/c i
| K\ T 1200 fm/c
r %
1.1} .*\ - |
e !
= ] L) j ]
h 9
1.0 — -
» a) - . + 1
G, | | |
— 0.8 p—=p—=+ } e a =t + 4 [ ] =4 }
z 0° K ! : AARE
i \ Pew < 140 MeV/c
— 1.2 L { \.
" LY T T00 fm/e
® r = 1200 fm/c
1.1 - .
AN |
.
e ® 4 f .
1.0 — —
b) 3 +
{} ‘i A i i L - i i i i JI i 4 L L A k i k i | i i ! | i
i 10 20 30 40 50
q (MeV/c)

FIG. 3.  Angle-integrated correlation functions for two cuts on
the total neutron pair momentum in the compound nucleus
frame. The solid and dashed curves are results of theoretical
calculations with the indicated emission time scales.
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FIG. 2. Experimental ungated np correlation function C(g),
from the E/A = 45 MeV ®Ni + Al reaction [solid dots in
panels (a),(b)] compared to panel (a), open circles: C,(g),
constructed from pairs of type E, > E,, and panel (b), open
squares: C,(g), constructed from pairs of type E, < E,. The
ratio C,/C,, is shown in panel (c).



Purpose of the project:

fundamental nuclear physics examples
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Purpose of the project application

examples

Anti-cancer therapy:
Risk of secondary radio-induced cancers

In proton therapy, in particular in the pediatric one (but not only), the “damage”
caused from the neutron to the healthy cells is one of the principal causes of the so
called “ secondary radio-induced tumors” in particular if there are used degraders

or collimators (passive technique)[1].
[1] Hall, E. J (2006) Intensity-modulated radiation therapy, protons,
and the risk of second cancers.
Int J Radiat Oncol Biol Phys 65: 1-7.

Validation of Monte Carlo codes

Measurement of cross sections (d2o0/d6dE) have a huge interest for the validations of
Monte Carlo code like GEANT4 in particular for neutrons in the Fermi energy regime

Neutron Camera

Possible device for homeland security and health safety to be installed in
airports, ports, efc...

aohgl by,
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Purpose of the project:

fundamental nuclear physics

examples

‘ Intensity interferometry (HBT effect)‘

| N. Colonna et al., PRL 75, 23 (1895) 4190-4183 ‘
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FIG. 3. Angle-integrated correlation functions for two cuts on

the total neutron pair momentum in the compound nucleus
frame. The solid and dashed curves are results of theoretical
calculations with the indicated emission time scales.
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Cross-talk

E un problema poco rilevante in misure in singola mentre non si puo sottovalutare per

misure in coincidenza e soprattutto a piccoli impulsi relativi!

N. Colonna et al., NIM A 381 (1996) 472-480

i ff

E = EI _%rn’-dmin ’fﬂr)z

E, & lenergia del neutroni piu veloce
D, & laminima distanza tra due rivelatori colpiti

At e la differenza temporale tra i due rivelatori colpiti
E, rappresenta |'energia persa dal neutrone le primo detector

Se E, ;<0 la coincidenza e reale
Se E4 > 0 ulteriori analisi statistiche sono necessarie

L'energia minima che
dovrebbe possedere il
neutrone scatterato
dal primo detector per
raggiungere il
secondo detector nel
tempo At




Digitalized signal
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Expected performances
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Matrix detector configuration

Typical numerical example:
Cross-talk probability distributions for Einc = 5 MeV

CT [%] CT [%] all
Threshold Tot ID=1 CT CT CT CT CT CT CT CT double (l)\its other Total
[MeV] - 1-2 1-3 1-4 1-5 1-6 1-7 1-8 1-9 from ID=1 possible CT[%]

combinations

313 710 321 736 318 723 345 767
0.0 35588 | 30692 11.94 1.62 13.56
0.88 1.99 0.91 2.07 0.89 2.03 0.97 2.15

121 305 116 277 115 297 129 300
0.5 27139 | 25259 6.12 0.22 6.34
0.45 1.12 0.43 1.02 0.42 1.09 0.47 1.11

31 79 18 82 31 98 38 106
1.0 21987 | 20848 2.01 0.06 2.07
0.14 0.36 0.08 0.37 0.14 0.41 0.09 0.42

15 17574 | 16822 0.82 0.03 0.85
0.02 0.13 0.05 0.13 0.07 0.19 0.06 0.18




Matrix configuration: DH CT distribution

CT DH (1-) distributions for the matrix con- CT DH (1-i) distributions for the matrix con-
flgu_ratlon figuration
18 No detection threshold Detection threshold=0.5 MeV CT 1-9
16 )
14 mCT 18
12 B mm CT17
= 10 - - ECT 1-6
- 8 _— B CT1-5
- _ || I
-2 B HEB
CT 1-4
4 l . . N - B = B . ®CT1-3
2 ||
0 H E B Em - m=m B . . . . mCT 12
1 2 3 4 5 6 1 2 3 4 5 6 10
Neutron energy [MeV] Neutron energy [MeV]
CT DH (1-i) distributions for the matrix con- CT DH (1-)) distributions for the matrix con-
figuration . figuration
3.5 Detection threshold= 1 MeV Detection threshold=1.5 MeV CT 1.9
3 a : mCT 18
25 — Bl cT17
s 2 ECT 16 g 08 MCT 16
= 15 o mCT 15 E 06 . MCT 15
B ®CT1-3 — [ | mCT1-3
0.5 = o= 0.2 . L .
0 == m BN mCT1-2 0 e etz
L 5 3 4 . 6 10 1 2 3 4 5 6 10

Neutron energy [MeV] Neutron energy [MeV]
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Project’s motivations

The advent of new facilities for Radioactive lon Beams (RIBs), in particular
for the n-rich ones, supports the idea of realizing a prototype able to detect

charged particles and neutrons with high energy and angular resolution for

From: M. Lewitowicz EURISOL-DEeZI.?-EgII\gOZ§$;J 9:!‘.?0?1 aw‘émw%an |mp0rtant Opportunlty

(C. Horovitz)
FAIR/Super-FRS l
F:’A-;‘ p AR a&‘
Facility for Antiproton
rpmme FRIB

Energy, MeV/u

; & SPES /.
EU RHSOL exotic beams for science\

20 40 60 80 100 QRIHEHFRAISE@L@

Element number
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Idea

To realize a prototype of detector able to detect
at the same time charged particles and neutrons
with high energy and angular resolution for
+ Candidate: Meaqtien studies: anpdaApRHCIRIONS: E)299-33)

(3x3x3cm?3)
1 cluster: 4 consecutively cubes -> 3x3x12 cm?3
Reading the light signal: SiPM and digitalization

Neutron detection efficiency = 50% for the prototype (16 clusters)
Modular, reconﬁgurable (in mechanlc and electronlc)

Discrm- =~~~ /7= rticles)
o =12cm
E n e rg y DSS55D 32x32 NAFC?% N 5 m )
* TOF me soum == "7" "MCP (low
| it CP __—--"T{ _
Intensit R \—— S
&’ @
““““ n
® - ==t __ >
< 50/75 cm >  Tm=—al___
< >
100/150 cm
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Expected performances

Time of NArCo . ~ 12 R
- gbght . DSSSD s Y
AT=0.5 ns ===
l'lm - -
o -=— 7 Solid angle = 7 msr (0.07%) .
T - —9“' Angular resolution DSSSD =~ 0.15° ;EFF 25
- =5 Angular resolution NArCos = 1.25° °
=g _ For one
T~ = cluster
. LDSSSD=75 R T - -~ - o
)l cm g - -

Lyarcos=150

AM/M (AT=0,5ns) (150 cm)
14 8
12 7
10 ® p (6 Mev Th) 6
* d (8 MeV Th) 5
8 | |
< t (10 MeV Th) < 4
6 , ® a (25 MeV Th) 5
4 \ 2
2 1
0 0
0 5 10 15 20 25 30 35 40 45 50 55 60 0 15 30 45 60
Energy (MeV) Energy (MeV)
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Mean value for one detection cell (3x3x3 cm3) = 9%

Expected performances

Neutrons detection efficiency for one cell (3x3x3 cm®)

40
- —=— threshold: O MeV
asl EJ 276(3' = threshald: 0.5 MeV
E . threshold: 1.5 MaV
3ol . thrashold: 4.0 Ma'V
25| .
- .
.‘0‘9" 20 B T -
- .
- -
1 5 _— B - - -
- ——_ - .
1of - P - .
i § —— - ) -
S5 - -
ok | | | | — |
10 20 30 40

Mean value for a 36-cell array (9x9x12 cm3) = 33%

@ Threshold: 0 MeV
80% 4 Threshold: 0,5 MeV
r Threshold: 1,5 MeV
g O Threshold: 4 MeV
S 63%
2
&
M 45%
o
@
k=
E 28%
[
10%
0 14 28 41

5
MeV (neutron e

Neutron Energy (MeV)
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Mean value for one detection cluster (3x3x12 cms3) = 25%

60

Neutrons detection efficiency for one cluster (3x3x12 cm®)
—s— thrashaold: 0 MeV

EJ 276G —=— threshold: 0.5 MeV

50 —e— threshold: 1.5 MeV
threshald: 4.0 MeV

e

J _

B s, [ L
- T . - - - e,
- o - . -
- ) . .
- ..q_\____@-_ .
e
0 | | | | I 1 A | | A | | | | | L | | | | | | |
10 20 30 40 50

MeV (neutron energy)

Scheme of Simulation Geometry:
36 (3 x 3 x 4) cell array
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Fontal View

Lateral View




1itest resuls: tests by using the SiPNM

~ Detector Configurations:
> EJ-276G + PMT

> EJ-276 + i-Spector E.V.Pagano, G. Politi, A. Simancas, G. Santagati et
» EJ-276G + i-Spector V\\NIM in BERRALAEIMBSIONSPECTRUM
> Lab. measurements with radioactive sources: \ E]276})! T o
» Vacuum Chamber G A I \ T
> Pb shield [\
» Gamma sources: 133Ba, 137Cs, €°Co, 152Eu 504 / \
» Alpha source: 241Am 0.2 ‘\
» Digitizer from CAEN 0.0

375 400 425 450 475 500 525 550 575 60O
WAVELENGTH (nm)

» Data analysis of heavy ion reactions:
» CHIMERA scattering chamber (LNS)
» Detector at 11° in lab frame

> Beam: 24Sn at 20 MeV/A (CHIFAR experime
» Mavoata: 647n and 64N

Wavefarm ChO

1000 (1) Input
(2) Baseline —
900 (4) Long Gate —
(6) Short Gate
a00 ﬁ
. |
R B SR .
500 i-Spector from
CAEN (3x3 cm
xample of signal and integration windows SiPM an
N E N electronics)

- CATANIA
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Gamma spectra

Gamma Spectra Energy Calibration
% ; HIlll”lll”l””l””llHlllllul 'I"'\'; 1100
© i ["°Ba Ee] f(x) = 0.358226118422516 x + 38. 28617267‘564 43
3 D1STCS R2 = 0.999568053096457 o
: | ®Co E ~ 825
1 3 q)
| . [«D)
! 1 >
O
102 - /\» 50% E X 550
Pagano E.V. etlal., Nucl. Instr.. Methods A, 889 g3 R
(2018) 83- 88, ] B '
_ | | =
10 ' ! % 5 275 ....-
‘ | ‘\ || | .
L ‘ “ EVTIEN 0
| \IIIII\HI\I M TV 0 750 1500 2250 3000
0 500 1000 1500 2000 2500 3000 3500 4000 4500 5000
Qtot (Channels) Channel at 50% of Compton Edge
EJ-276G + i-
Spector

N




Particle Identification Paramenter

PIP=1- Qfast — Qslow

PSD studies USIRy €6UItes

Sources **Am + ¥Cs. Setup: EJ276 +
SiPM (I-spector). EJ276G + SiPM (I-

spector
tot Qtot p )
Comparison between the two plastic
PIP vs. Energy of 2'Am+'*"Cs 002 versions: the frdingyerghbtte Agrettics 001
o OSpTTTTTTTTTITTTIIT EAARRRRS 'j £ shifteg” RARRSAMANRY R R A RN CAERC ERARRRARRARRRRS
=L . 3 * osl ' -
0.5 — B ]
B 4 ] 107 - ) |
C " '-»"= 0g 0.4 o -
041~ roM (,a'V),. 0',98—__ - FoM (a,y) = 1,47 |
i 5 03— -
0.3— — L o
E 00P_IP Histogram of 2“1;\m+:°7c§ | " ; ‘ 7
0.2 o] a 02
o = o
B Y ' -
0_| Pt L L | L 8.2 025 0.3 035 04 045 05 O.SSPIF?.S 0 [ J_‘ L | ) i | ki I v 15 02 025 03 035 04 045 O,SP"gJ,_»S
0 100 200 300 400 500 600 700 800 0 100 200 300 400 500 600 700 800 900
Energy (keVee) Energy (keVee)
EJ-276 + i- EJ-276G + i-
Spector Spector
Detector FoM
i-Spector + EJ-276  0.98
i-Spector + EJ-276G  1.47
INEFN PMT + EJ-276G  1.03
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PSD studies using beams

AR eXx

est wi

EJ-276 + i-
ngctoer;Q

“47n @ 20 AMeV
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or '#sn + %zn
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Q 2}
c S
% 45018
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S 4
- 00
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S 350
300 %26 40 60 80 100120 140 160 180 2_0
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200

100
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E‘ T ——r T .g
- 110 3
(o]
E
'_
z
&
Q
50670007500 2000, 2500 3000 3500 4000 4500 2000
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E. V. Pagano et al. NIM A 905 (2018) 47-52



Some spectra with sources

E. V. Pagano et al. NIM A 889 (2018) 83-88
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me spectra: “*Mg+°°°Zr @71 MeV<E<81 MeV reactic
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E. V. Pagano et al. NIM

A 905 (2018) 47-52

1400/ : Total Component -
r = > ]

1200 | a i
o0 ’ 1
- L i
s _ |
= 800 — i
E" - -
= - ]

O E'UUF— - A
Zz 1
= B i i
A 400~ . J
B 1 | 10
200 Fast h l
CFI_l |—|—E:l Ll 1 Ll L L |. e ES T II!ILIJI[l!II.I L e
0 100 200 300 400 500 600
Time (ns) |
1
=T T r T rrTrrrrrrrrrrrr? 10
80— _ — Total Component (MeVee)
- FOM(v.p) = 1.31 Total Comp. Slice: i
_FOMT,p . 3.7 - 4.2 MeVee : —_—————— =
60 [ (p)=1. N - Total Comp. Slice:
L M s 0.5 - 1.0 MeVee ]
2 | _ s Y FOM(y,HI) = 0.52
= o p - 600[~ .
i ] o B i
| | = I ]
20— | 400F— -
) ¥ - - HI+LCP 1
i € ] 200~ .
. L el A Ak ad B h) T
% 50 60 70 80 %0 i 1 1 1 Rl
Decay Time (ns) % 50 60 70 90

Decay Time (ns)



	Geant4 simulations to study the efficiency and cross-talk proba
	Matrix configuration T
	Slide 3
	Slide 4
	Slide 5
	Slide 6
	Slide 7
	Slide 8
	Slide 9
	Slide 10
	Slide 11
	Slide 12
	Slide 13
	Slide 14
	Slide 15
	Slide 16
	2
	Slide 18
	Slide 19
	Slide 20
	Slide 21
	Slide 22
	Slide 23
	Slide 24
	Slide 25
	Slide 26
	Slide 27
	Slide 28
	Slide 29
	Slide 30
	Slide 31
	Slide 32
	Slide 33
	Slide 34
	Slide 35
	Slide 36
	Slide 37

