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Astrospheres are a ubi""‘ ' ' :
LL Orionis quam o 2Rk " et
Visible - Visible . o 1k, . ey, ". v x
Hubble _ , R Casalegno L . l
Astrosphere The region in space mfluenced by the
outflowing stellar wind and embedded magnetlc field.
. .. : ‘“—— m "“
: Mira .
gﬁa&me Hellosphere The Sun's astrosphere .
Parls 3rd Sept 2013 < : L2/L3 workshop | 3 2o




- Introduction - - In situ Investigations of the Legal Interstellar Medium

@ stars with astrospheres @ stars with planets

| | ‘ | . [ |
20 | | | : | g

. ° . | Astrospheresarea .
| ubiquitous phenomenon.

10~ 9- 1 Theyiprotect their stellar
g systems, some with -
z ' | planets, from the
S of . 5 A interstellar medium.
g Alpha Ceztaufi‘ .'?..- — . >
A | s »2 -~ " .| Howdo they form? .
10 - - - ]

How do they work? -

| 7| Need to address three
R0 AR -+ complexes of questions:

Galactic Center: —»

| | | - | |
-0 -10 0 10 <0

Distance (light years)

. Paris, 3rd Sept,, 2013 . - "L2/L3woikshop
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- Introduction -

v

v

1000 pc

Paris, 3rd S_ep,fl_,_'20i13-

How do they form & work?

Heliophysics: How do stellar wind and
Interstellar medium interact to form the
astrosphere and how variable is the universal
phenomenon of the formation of astrospheres?

Astrophysics: What are the properties of the
surrounding ISM and how do they relate to the
typical ISM?

Fundamental Physics: How do plasma, neutral
gas, dust, waves, particles, fields, and radiation
Interact in extremely rarefied, turbulent and
Incompletely ionized plasmas?

Heliosphere is the only accessible astrosphere

“L2/L3 wotkshop
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and the heliosphere's-boundary

. Paris, 3rd S._'epf._,_h20i13' :

13 November 2009 | $10

~ In situ Investigations of the Logal Interstellar Medium

What do we know?

The heliosphere is much more
complicated than we ever
believed:

Shaped by

* Interstellar magnetic field,

* ISM gas/plasma/dust,

* suprathermal particles,

* solar wind, magnetic field
Very complex interaction
between ISM and solar wind

Our understanding is
severely hampered by
Insufficient knowledge of the
ISM boundary conditions.

“Lon3wotkshop .. A T .5
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IBEX Ribbon in ENASs

IBEX-Hi (1.3-2.4 keV)

=z e The ribbon appears to be organized
“, s 2k }‘,‘ by the BLISM as inferred from other
'1..@4 '! i\ measurements.
‘ As BLISM is draped around the
heliosphere,
el Ber=0

Dilferential Flux [ENAs{(um” s st keV)]

IS believed to organize the ribbon.

60 30

Inferred BLISM-strength implies that heliosphere \SCielléwém
has no bow shock. RN
Heliosphere is 'squashed’ by BLISM.

Voyagers don't measure ENA source population

We have no measurements of BLISM s I ;
IMAP highest-ranked mission in US NRC's 2010 decadal review. e S

ENA Eneretlc Neutral Atom BLISM Local interstellar magnetic field

-

Paris,. 3rd Sept 2013 A L2/L3W0rkshop
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Cassini/INCA Ribbon

Cassinl/INCA ENAs are in a
higher energy range.

*Ribbon is tilted w.r.t. IBEX ribbon

*VVoyager measurements of low-
energy ions appear to extend
modeled energy spectrum of
ENAs at V1, V2

Cassini/MIMI/INCA 5.2 — 13.5keV Hydrogen ENA/(cm?-s-sr-keV)

11.0

C 100 :

_ ol TR 1 wew Pressure out there is dominated
|~"=* by suprathermal particles!

%L 1; Jion (V1. V2 heliosheath) 3 . ] ]

§ |7.°. New regime, only occasionally

g --wncs  s@EN IN magnetospheres during

£ 1 —- Max/CS . . . .

Coonp | v highly disturbed time periods.

001 e Need measurements!

Energy (keV)

-

Paris, 3rd Sépil_,_hzo-lB-
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(m? sec sr MeV/nuc)”’

The Termination Shock

Anomalous Cosmic Rays (ACR)
believed to peak at termination
shock.

*'recycled’ pickup ions
*no substantial enhancement of
ACRS seen at termination shock

Termination shock is quite
different from all expectations

Shock
N\ Acceleration

N\ Model
(=) \
® \
® \
L C] \
® \
TSPs
Wy
é T
1 10 100 1 10 100

-

MeV/nuc MeV/nuc

Paris, 3rd S_ep,fl_,_'20i13-

“L2/L3 wotkshop



- Introduction © - Insitu Investigations of the Leeal Interstellar Medium

_ mw . The Termination Shock
- - w ; :
£ 200FVS) e . 1 Anomalous Cosmic Rays (ACR)
~ #ﬁ“*ﬁwﬂ TN . L
oo vinepune)/13 oo+ 1 pelleved to peak at termination
%%‘W&@%ooo S
of: , o shock.
[ N(Neptune)/5. + » ] | L .
<~ 0.006] . . 1 *'recycled' pickup ions
| el o .o o.0 1 eno substantial enhancement of
€ 0.004f S8 O L
= i q° KB 45o s ACRs seen at termination shock
Z 0.002 el e

+
o+ + #
P i g W _ _ - -
TSTyeer T T %" %1 Termination shock is quite

0.000 , 1
1O6§_T(Neptme P — M different from all expectations
3 maé_““) ﬂ@ﬁﬁtﬁﬁ@é Solar wind did not turn subsonic at
o é:% s % ++ the terr_nlna_ltlo_n sho_ck. But all other
3P0 ¢ o’ | +1  properties indicate it is a shock.
12 14 16 18 Suprathermal particles mediate the
rlours shock.

V1, V2 not equipped to measure such particles and weak fields.

-

Paris, 3rd _Sfepf_,_hzo-l?{
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Parls,3rd Sept;, 2013 . . “L2i3woikshop . N < a0

The Very Local ISM

Ulysses GAS experiment and
studies of pickup ions show inflow
direction of gas disagrees with
relative flow direction between
heliosphere and local cloud:

* Heliosphere close to edge of LIC

* VLISM may change 'soon’

* BLISM orientation not in galactic
plane

* Interstellar flow highly turbulent

* Implications for GCR modulation

* Was GCR constant as assumed in
climate studies?

Need to measure outer boundary

conditions of the heliosphere!
VLISM: Very Local ISM, GCR: Galactic Cosmic Rays




- Introduction -
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Theoretical Distribution of Matter amon
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Pars, 3rd Sept,, 2013

dust, neutrals

55 P 5 Ar Ca Fe

P 5 Ar Ca Fe

~ In situ Investigations of the Logal Interstellar Medium

The Very Local ISM

Compositional studies hampered
by unknown dust/gas/ions ratio.
* Properties of small dust
particles unknown
* Carbon abundance >2 times
higher than solar
* Implications for galactic
chemical evolution

Need measurements!

1= ¢ i E
£ 0 ] Mg 3
FeN Fe
] T o e it
Fere
E £
2 -1E s . -
Q E [ &
o —2F =
B LIC %
g WPIM
_3E |eCNM e -
°
74_I 1 Il 1
0 500 1000 1500

Condensation Temperature (K)
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In situ Investigations of the Local Interstellar Medium

Science Objectives:

Heliophysics: How do solar wind and interstellar
medium interact to form the heliosphere and how
does this relate to the universal phenomenon of
the formation of astrospheres?

Astrophysics: What are the properties of the
very local ISM and how do they relate to the
typical ISM?

Fundamental Physics: How do plasma, neutral
gas, dust, waves, particles, fields, and radiation
Interact in extremely rarefied, turbulent and
Incompletely ionized plasmas?

This requires an interstellar probe (IP)
Bonus Science: Extragalactic background light,

soft X ray background multi- spacecraft studles

Parls 3rd Sept 2013

L2/L3 woikshop
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Relation to Cosmic Vision 2015 - 2025 Themes

CV 2015-2025 Theme

What are the conditions
for planet formation and
the emergence of life?

Relevance

Shielding of GCR, dust,

and neutrals: dust-plasma
Interactions

How does the solar
system work?

Structure and dynamics of
the heliosphere

What are the
fundamental physical
laws of the universe?

Fundamental plasma
physics, extremely rarefied
plasmas

How did the universe
originate and what is it
made of?

LISM composition and
galactic chemical evolution

Paris, 3rd _Séapf_,_'ZO-lB- i

: “L2/L3 wotkshop
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Sunspot-based model W h y N OW?

—— Geomagnetic reconstruction
Cosmogenic isotope (140)

Gosmogenic sotope ("°ge) The Sun appears to be exiting its
'‘Grand Solar Maximum'’:
* Leads to a smaller heliosphere
* Leads to shorter travel time
e Catch dynamics 'in the act'

Voyagers are not likely to last
beyond 2020 and don't measure
1650 1700 1750 1800 1850 1900 1950 2000 relevant part|C|e pOpU|atlon-

Total heliospheric flux [x10'* Wb]

Only new, innovative instruments on an interstellar
probe will provide required measurements.

bzl “That is the SHP panel’s final major science goal ...,
& | to discover how the Sun interacts with the local
(% g galactic medium and protects Earth.”

Philosophical: Prepare interstellar exploration

Paris,. 3rd S_epf._,_h2_013' il “L2/L3 wotkshop
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Measurement Requirements

SCIENCE GOAL

‘ SCIENCE QUESTION

Heliospheric Science (H)

‘ REQUIRED MEASUREMENTS

H1: How does the heliosphere shield against
cosmic rays and neutral particles and what
role does it play in the interstellar-terrestrial
relations?

GCR, energetic particles,
ENAs, plasma, B-field,
waves

How do solar wind and
Interstellar medium
Interact to form the

H2: How do the magnetic field and its dynamics

evolve in the outer solar system?

energetic particles, ENAs,
plasma, B-field, waves

heliosphere and how
does this relate to the

H3: How do heliospheric structures respond to

varying boundary conditions?

Plasma, B-field, ENAs,
Ly-alpha

universal phenomenon
of the formation of
astrospheres?

H4: How do the boundary regions in the
heliosphere modify the intensities of the

various particle populations?

GCR, energetic particles,
ENAs, plasma, B-field,
waves, dust

H5: How does the interstellar medium affect the

outer solar system?

GCR, energetic particles,
ENAs, plasma, B-field,
waves, dust

- “L2/L3 wotkshop

Pars, 3rd Sept,, 2013
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Measurement Requirements

SCIENCE GOAL

SCIENCE QUESTION

Astronomy and Astrophysics (A)

‘ REQUIRED MEASUREMENTS

A1l:

What is state and origin of the local interstellar
medium?

Charge-state and element
composition, waves, B-field,
Ly-alpha, ENAs

A2:

What is the composition of the local interstellar
medium?

Composition

What are the properties
of the very local
interstellar medium

A3:

What is the interstellar spectrum of the GCR
beyond the heliopause?

GCR

and how do they relate
to the typical ISM?

Ab:

What are the properties of the interstellar
magnetic field?

B-field, waves, plasma

Ab:

What are the properties and dynamics of the
interstellar neutral component?

ENAs, dust, plasma

Ab:

What are the properties and dynamics of
interstellar dust?

Dust, B-field, plasma

Pars, 3rd Sept,, 2013

- “L2/L3 wotkshop
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SCIENCE GOAL

‘ SCIENCE QUESTION
Fundamental Physics (F)

Measurement Requirements

REQUIRED MEASUREMENTS

How do plasma,
neutral gas, dust,
waves, particles,
fields, and radiation
interact in extremely
rarefied, turbulent,
and incompletely
lonized plasmas?

F1: What is the nature of wave-particle interaction
in the extremely rarefied heliospheric plasma?

Distribution functions,
energetic particles

F2: How do the multiple components contribute
to the definition of the local plasma properties
within the heliospheric boundary regions?

Plasma, ENAs, energetic
particles, composition,
waves, B-field

F3: What processes determine the transport of
charged energetic particles across a turbulent
magnetic field?

Plasma, ENAs, energetic
particles, composition,
waves, B-field

Bonus (B)

- Extragalactic Background Light
- Soft X-ray background
- Multispacecraft studies

IR/Vis wide-field imaging
soft X-ray measurement
time series

Pars, 3rd Sept,, 2013

- “L2/L3 wotkshop
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* In situ Investigations of the Logal Interstellar Medium

Strawman Payload

Acronym |Instrument Mass Power |Telemetry |Volume Measurements
kg] W] [bps] [cm?]

Magnetometer 1 Hz magnetic fields
PA Plasma Analyzer |3.5(2) [3.5(2) |60 (20] 2 x 25x25x25 |Plasma composition
NA Neutral Analyzer |2.5 3.9 o0 25x25%x25 Neutrals, limited composition
PW Plasma Waves 5 4 30 25%x295x25 Radio and Plasma waves
DA Dust Analyzer 1 1 10 25x25x30 Dust mass, velocity, composition
EP Energetic Particles [4.5(2) |5(2) |60 2 x 25x25x25 |H: 4 keV - 300 MeV
ions: 5 keV/n - 400 Mev/n
e-: 2keV - 20 MeV
ENA Energetic Neutrals |5 0 50 60x60x20 Hydrogen ENAs: 0.05 - 5 keV
Key elemental composition
LA Ly-alpha 1.2 1.5 50 thd Ly-alpha broad-band photometry
IRV IR/VIS imager (5) (5] (50]) thd Wide-field infrared and visible imaging
SXR Soft-X-Ray (5) (5] (50]) tbd Soft X-ray background, solar wind -
planet interactions
Total 24.7 25 360

Payload provided by member states.

Paris, 3rd Sépil_,_hzo-lB-

L2/L3 wotkshop
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Mission Requirements

*M1 spacecraft to arrive within a ~25° cone of the heliospheric
'nose’ (+7°, 252° Earth ecliptic coordinates) or a similarly
Interesting region (based on IBEX results). This aims at the
scientifically most compelling region and minimizes travel time.

*M2 Provide data from ~5 AU out to at least 200 AU
*M3 Arrive at 200 AU 'as fast as possible', ideally within 25-30 years

This is challenging in various aspects:

*Long duration, high reliability (done with Voyagers, Ulysses)

*Propulsion, mass, and power are all critical to mission success

*Near-term planned demonstrator missions, e.g., Sunjammer and
ESTCube-1, will retire perceived risk.

.Par'ls,.Srd _Séepf_,_'ZO-lB- i -""ITZII__B-WO'r.kshop
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Critical Technology and TRL

System Test
Lamch 3
operations

SystemSubsystem
Develspment

Technology
Demenstraticn

Technology
Develdpment

Reseadarch to Prove
Feasiblliity

Basic Technology
Research

Technology Readiness Levels ( TRLs)

Actual system “flight proven” through successatful
mission operations

Actual system completed and“flight qualified ™
through test and demonstration (Ground or Flight)

System prototype demonstration in a space
environment

System/zubsystem model or prototype demonstration
in a relevant environment (Ground or Space)

Component andfor breadboard validation in relevant
environment

Component and/or breadboard validation in laboratory
environment

Analytical and experimental critical function and/or
characteristic proof-of-concept

Technology concept and/or application formulated

Basic principles observed and reported

Pars, 3rd Sept,, 2013

ESA TRL Handbook

“L2/L3 wotkshop
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Payload TRL

Examples for improvement in resource performance

Solar Orbiter SWA/PAS covers Solar Orbiter EPT/HET covers
protons/alphas from 0.2 to 20 electrons (protons) from 20 keV to
keV/gq, SWA/HIS ionic composition. 30 (100) MeV, also covering the
SWA preparing for CDR end 2013. crucial suprathermal part of energy
spectrum. CDR end 2013

Paris, 3rd Sept, 2013 . 'L2/L3 wotkshop
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Payload TRL

Further example for improvement
In resource performance

* Payload generally has high TRL
(TRL =6)

* Miniaturization can achieve major
mass and power savings

* Payload TRL is not a mission
driver

Miniaturized magnetometer:
MAGIC on CINEMA: 200 mW
TRL 9 (launched 2012)

TEL & Syestem/subsystem model or prototype demonstration
: in a relevant environment {(Ground or Space)
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* Solar Sall

* Electric Sall

* Radioisotope Electric
* Heavy Launcher

DISTANCE Ry [AL]

P I [ |
3 _
1 PERIHELION: 0.51 AU
2 —
2™ PERIHELION: 0.25 AU
1 _ 1
-
”
— F4
I §
0 — |
LY
- .
oy
_'1 _ |
. LAUNCH
SAIL
-2 — JETTISON
— ,‘
_3 _ |
-4 — ODYSSEE Simulation
_ M. Leipold, KT, 2004
-5 1 —7r —7r 1 1 v 7 T 17 T ]
-3 -2 -1 0 1 2 3 q 5

DISTANCE Rx [AU]

Pars, 3rd Sept,, 2013
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Solar Salil

IKAROS was launched by the H-IIA F17 from the Tanegashima
Space Center at 6:58:22AM (JST) on May 21 2010. After the
Initial operation check, IKAROS started the missions for the
World s first demonstratlon of solar power sail.

Approaching Venus

Inltlal separatlon

TEL O Actual system “flight proven” through succeasiul
migsion operations

.Par'ls,.Srd _Séepf_,_'ZO-lB- e -“*ITZII__B-WO'r.kshop
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Solar Salil

Sunjammer launch foreseen on Falcon 9 November 2014 (NASA,
L'Garde). - TRL 6 now, TRL 7 by end of 2014

European commitment

TEL 6 System/subsystem model or prototype demonstration Call readily be I’eVived.
et in a relevant environment (Ground or Space)

TRL 7 System prototype demonstration in a space
S environment

Paris, 3rd Sept, 2013 = . - “L2/L3 woikshop
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Electric Sall

* Deflect solar wind protons with charged
wires
e HV penetration depth ~ 10 r

~100m @ 1 AU
* Requires HV (20-40 kV) and ~700 W
* ESTCube-1 launched May 2013
* Tether deployment Sept. 2013

Debye’ l.e.,

TRL ~ 4-5

Component andfor breadboard validation in laboratory
environment

TELS Component andfor breadboard validation in relevant
environment

Paris, 3rd Sept, 2013 = . - “L2/L3 woikshop
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Radioisotope Electric

* Radioisotope — See power

* Electric: ESA's Smart-1 used solar generator

* Requires large mass (~400 kg) of Xe-propellant
* Requires significant power (~900 W)

* Smart-1 — TRL 7 for electric propulsion

System TRL 5 (combination of nuclear & electric)

Component andfor breadboard validation in relevant

TRLS
. environment

Paris, 3rd Sept, 2013 = . - “L2/L3 woikshop
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Propulsion TRL

* Solar Sail: currently TRL 5-6, TRL 7 by end of 2014
* Electric Sall: currently TRL 4, TRL 5 by end of Sepit.
* Radioisotope electric: TRL 5

* Heavy Launcher: TRL 9

The Third International Symposium on

SOLAR
SAILING

Component and/or breadboard validation in laboratory 2
=n u i ru n m cnt University of Strathclyde | McCance Building | 16 Richmond Street | Glasgow | G1 1XQ gg:eaesﬂh!Clyde

Rolled up TRL is 4-5

Component andfor breadboard validation in relevant
environment

Paris, 3rd Sept, 2013 = . - “L2/L3 woikshop
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Power Mars Science Laboratory
MMRTG delivers 115 We

and weighs 45 kg: ~2.6 W/kg
Voyagers had ~4.2 W/kg

[ S\
A 72
e
§\::\\\ S < ‘\];’{/
A
f’;{' ’  iw
. Paris, 3rd Sept., 2013 - “L2/L3 woikshop .
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Table 3-8. Current Performance Parameters of the MMRTG and SRG [52, 59, 60]

RPS Parameters MMRTG SRG Expanding Frontiers with Standard

General Characteristics Radioisotope Power Systems

Dimensions 66 cm (L) x 64 cm (W) x 104 ecm (L) x 29 em (W) x

64 cm (H) 38 cm (H)

Mass', kg 43 34

Number of GPHS Modules 8 2

Reference Thermal Inven‘cory2 at BOM, Wt 1984 496

Teois at BOM, °C 208°/ 189" 42°/18°

oM

Deep Space

[ Electrical power, We 125 116
Conversion Efficiency, (%) 6.3% 23.4%

Specific Power, We/kg I 2.9 I 3.4

Mars Surface

Electrical power, We 123 103
Conversion Efficiency, (%) 6.2% 20.7%
Specific Power, We/kg 29 3.0
14 Years past BOM
Deep Space
ectrical power, We 100 101
Conversion Efficiency, (%) 5.5%° 22uR%r
Specific Power, We/kg 2.3 3.0 .
_Specifc Poy Power: TRL 9 for low
Electrical power, We 98 90 - I
Conversion Efficiency, (%) 5.4%° 20.2%’ power denSIty RTGS’
Specific Power, We/kg 2.3 2.6 ( |)
- 4.2 W/kg on Voyagers!
1. Current estimates from Boeing and Lockheed Martin.
2. Reference thermal power numbers used to calculate system efficiencies for each RPS type.
3. Temperature at the MMRTG thermoelectric cold junction [52] E u ropean teCh n O | Ogy
4. Temperature at the MMRTG fin root [52] .
5. Temperature of the SRG SCA cold end [59] be I ng deve|0ped , TR |_ 3 ,
6. Temperature of the SRG SCA alternator [59]
7. Data provided by [60] "
8. Computed from MMRTG thermal inventory of 1805 Wt and indicated electrical output at 14 years. and |Ower power denSIty

due to use of Am-4.
— T __._30

-
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Summary & Conclusions

Science:

Interstellar Probe addresses key
problems in three major fields:
Heliosphysics: Complex
dynamics of the heliosphere

Astrophysics: In situ
Investigation of the local ISM

Fundamental Physics: Physics
of truly complex plasmas

IP addresses all four CV 2015-
2025 science themes.

Technology:

Propulsion:

* Solar or electric sails

* Nuclear electric

* Commercial launcher?

Power:
*European development
*Use US RTGS?

Whichever is chosen, it will be
enabling technology for other
missions.

Interstellar Probe Team is ready to go!
Thanks to the IBEX Voyager, Cassini & IPteams

Parls 3rd Sept 2013
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IBEX A\

and the heliosphere'stboundary.

Heliophysics:

How do solar wind and interstellar medium interact
to form the heliosphere and how does this relate to
the universal phenomenon of the formation of
astrospheres?

H1: How does the heliosphere shield against
cosmic rays and neutral particles and what
role does it play in the interstellar-terrestrial
relations?

H2: How do the magnetic field and its dynamics
evolve in the outer solar system?

H3: How do heliospheric structures respond to
varying boundary conditions?

H4: How do the boundary regions in the
heliosphere modify the intensities of the
various particle populations?

H5: How does the interstellar medium affect the
outer solar system?

Pars, 3rd Sept,, 2013
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Astrophysics:

What are the properties of the very local ISM and
how do they relate to the typical ISM?

A1: What is state and origin of the local interstellar
medium?

A2: What is the composition of the local interstellar
medium?

A3: What is the interstellar spectrum of the GCR
beyond the heliopause?

A4: What are the properties of the interstellar
magnetic field?

Ab5: What are the properties and dynamics of the
interstellar neutral component?

Ab: What are the properties and dynamics of
interstellar dust?

Paris, 3rd S._'epf._,_h2_0i13' il “L2/L3 wotkshop
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10
Energy (keV)

Paris, 3rd _Séep,ﬁ_,_'ZOiB-

Fundamental Physics:

How do plasma, neutral gas, dust, waves,
particles, fields, and radiation interact in extremely
rarefied, turbulent and incompletely ionized
plasmas?

F1: What is the nature of wave-particle interaction
In the extremely rarefied heliospheric plasma?

F2: How do the multiple components contribute
to the definition of the local plasma properties
within the heliospheric boundary regions?

F3: What processes determine the transport of
charged energetic particles across a turbulent

magnetic field?

- “L2/L3 wotkshop
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situ __I_nveStig'atiohs of the Loeal Interstellar Medium
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ltem ____|Mass lkg] ___[Power [W]

platform 170 70
Propulsion 200 70/900
system [sail/electric)
S/C adaptor 45

payload 20 40

margin 90 20

Launch 530 200/1030

Paris, 3rd _Séepf_,_'ZOiB- ;
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Telemetry

* Low bit rate is ok since changes are also slow

* 500 bps baseline

* 2x8 hours weekly passes

* 5.8 kbps also at 200 AU

* 35m antenna initially, but 70m antenna needed in later mission
stages.

* Of course, the more the better...

* Has been done with Pioneers, Voyagers

Telemetry TRLIs 9

Paris, 3rd _Sfep,ﬁ_,_'LZOiB- i -""ITZ/I__S-Wo'r.kshop



	Slide 1
	Slide 2
	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
	Slide 17
	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
	Slide 38
	Slide 39
	Slide 40

