Exploring the QCD Phase diagram
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The physics of baryon rich matter




Summary

 Day 1: Flow (barometer)

* Day 2: Cumulants

« Day 3: Dileptons (M > 1 GeV, Thermometer)
 Days 4-6: You tell me

 Day 7: Rest and relax
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Outline

Introduction: Why Fluctuations?
 Some remarks about the phase diagram

First order phase co-existence

- Dynamical treatment
- Observables?

Measuring Fluctuations: Possible pitfalls
Dileptonn
Charm, exotica: You tell me
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The Paradigm

c/T4 RHIC LHC RHIC and LHC look qualitatively similar:
4 l / * Flow

N RAA
e Particle production

>

T

Paradigm seems in good shape
but can we establish that there 1s indeed a transition
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What 1t really means....

“T ” ~ 160 MeV
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Derivatives
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How to measure derivatives

—EIT+ulT N
Z=tre e

AtR=0: )=ty b T = —Cn(2)

<(6E)2>:<E2>_<E>2:(_816/T

Cumulants of Energy measure the derivatives of the EOS
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Fluctuations / Cumulants
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Generic Phase Diagram

G, P 4
T 1 "
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us
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T,u

“Simply” use appropriate combination of T and p

Requires: ((6E)")  ((3Ny)") ((BE)(8N)) Mixed cumulants!
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Comments on Phase diagram

1 2
C‘gas,, Ccliquid,7
U
Liquid-Gas

Water, nuclear matter, ...

1

“hadron gas”

“QGP-liquid”

2

66QCD9)

U
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Liquid-gas vs QCD

QCD: pressure at T=T_and u=0 same as at T=0 and p ~ 2.5 p,
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[f T=0 phase transition happens above 2.5p, — <0

Note: virtually ALL model predicting a QCD critical point have —->0
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Liquid-gas vs QCD

PQM model T =100 MeV

e HQEoS T=100MeV
= . T ; 500 ———— .
L --i Maxwell 1 Rt Maxwell
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Liquid Gas: QCD:
T=0: Liquid co-exists with vacuum  T=0: Liquid co-exists with high
density nuclear matter

Steinheimer et al,
Phys.Rev. C89 (2014) 034901



DOES IT MATTER?



Oh, YES!
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Measure Pressure (gradients) with flow



Co-existence region

System should spent long time
in spinodal region

Spinodal instability:
Mechanical instability

Exponential growth of clumping

Non-equilibrium phenomenon!
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Phase-transition dynamics.: Density clumping

Phase coexistence: surface tension Introduce a gradient term:

_
XA

Phase
transition

=>
Phase separation: instabilities

Insert the modified pressure into existing

ideal finite-density fluid dynamics code to obtain fluctuating initial conditions

Simulate central Pb+Pb collisions at =3 GeV/A beam kinetic energy on fixed target,
using an Equation of State either with a phase transition or without (Maxwell partner):

With phase transition: Without phase transition: Density enhancement:
tr= 2.50fm
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Evolution of density moments

(") = % / p(r)N p(r)d’r

J. Steinheimer & J. Randrup,
PRL 109, 212301(2012)
PRC 87, 054903 (2013)
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p(r) =po(e(r), p(r) @

Use UrQMD for pre-equilibrium stage
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Phase trajectories

(J. Randrup et al )

10 GeV/N Au + Au (b=0): (pg(t),e(t))
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t =160.0 fm

POQM (“liquid-gas”)

o, [p,] | NN
B 1 2 3 4

t=10.0 fm

CCQCD),
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Time evolution

Oscillation of nearly

2x10° ———— e ————rrr
10°| stable droplets for
| “liquid-gas” EoS
A
:’I:Fm":
= | HQEoS
vy [ Unstable
g . Maxwell
<="10°F PaM Eos
3 |~ Unstable
[ Maxwell
L N T T

Time [fm/cl

Higher pressure leads to faster evolution of “QCD” EoS.

Steinheimer et al,
Phys.Rev. C89 (2014) 034901
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t =160.0 fm

POQM (“liquid-gas”)

Flow

o, [p,] | NN
B 1 2 3 4

t=10.0 fm

CCQCD),
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10°

Coordinate space

Momentum space

E T .. T T T T T T 1 i [ T T T T T T T
- Coordinate space PQM F Momentum space PQM
I - H Unstable I m Unstable
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] # Unstable ; L ® Unstable
E n o Maxwell (? O Manwell
Eyn-2
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Small pressure of liquid:

Weak mapping into momentum space
hardly any effect of instabilities

In case of “QCD” EoS

Coordinate space asymmetries
sensitive to nearly stable droplet
formation in “liquid gas” EoS

" Steinheimer et al,
oo Phys.Rev. C89 (2014) 034901

==

V, sensitive to pressure!!
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Cluster a.k.a. nuclei

Even 1f total baryon number does
not fluctuate the baryon density does

<p(t)°>/<p(t=0)°>

2x10°
10° =

-
<

ey
o
wa

10
Time [fm/cl

Therefore measure production of NUCLEI: d, °He, “He, "Li....

(d)~(p}) ("He)~(py)

Extracts higher moments of the baryon density at freeze out

Nice Idea, but...

("Li)~(py)

100 200



“Cluster’ formation

19 29 0.4r Moo/ Mz |
QCD EOS Unstable
- ---Maxwell |]
0.3+ NA s'wn. ) .
o Unstable
(i) < i 5 -~~~ Maxwell
=
B hadron— gas B OGP—liqud @
>_

Time [fm/c]

Clumping in coordinate space 1s compensated by dilution in
momentum space — tiny effect

Steinheimer et al,
Phys.Rev. C89 (2014) 034901
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Back to
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STAR net-proton cumulants

(Phys.Rev.Lett. 112 (2014) 032302)

L (b) 1.5 GeV (c) 19.6 GeV
[¥]

S B B B Ban
ST L PP [P R T |

i

3 =

1 "r

1 Hi
n

1 ?'.'3
o9

3 R

%

]
]
]
]
]
]
]

(1) 62.4 GeV

Number of Events

IR T T TR S S|

; ; t
Au+Au Collisions 1

0.4<p, <0.8 (GsVic)

i
1 Net-proton
s

1 [¥]<0.5

1

] Skellam Dis. |

[+ 0-5%
b 0 ap-g0 e

| 0 70-80% ssseas.

o
Net-proton (AN,)

-20 0 20

So

KO

1 -2 —I I I Il . I I I I I I I
Au+Au Collisions at RHIC
1.0 o I. """"""""""""""""""""""""""""""""""""""""""""""""""""""""""""""
0sl @ e Skellam Distribution |
06l o @ 70-80%
5 @ 0-5%
041 Net-proton o 5.14}
0.2 0.4<p _<0.8 (GeV/c),|y|<0.5
T 1 -—maa
] : — I {Q
1.2
1,0 [ B
[
08¢}
< p+p data
06| O Au+Au 70-80%
@ Au+Au 0-5%
04l M Au+Au 0-5% (UrQMD)
® Ind. Prod. (0-5%)
105 — : — —

20 30 40 100 200

Colliding Energy \'s,,, (GeV)

L IIIII
5678 10

/Users/vkoch/Documents/talks/2014 CBM_KRAKOV/t

11, - 1.




Things to consider

* Fluctuations of conserved charges 7!

* Higher cumulants probe the tails. Statistics!
* The detector “fluctuates” !

* Net-protons different from net-baryons

- Isospin fluctuations

e Auto-correlations
e Beware of the “Poissonizer”
e “Stopping” Fluctuations
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Auto Correlations

Luo et al, arXiv:1303.2332 A
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part

Strong correlation between multiplicity determination and proton cumulants
Due to baryon resonances

Need to determine multiplicity far away in rapidity from cumulants
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The “Poissonizer’

STAR

acceptance K,/K.=5

(protons)

2—02 04 06 08
p

Fraction of BARYONS
observed

K, /K=1
K,/K =1
1
K,/K, =5

Cumulants

‘() 7.7 GeV g f(b)115GeV  1(c)19.6Gev  |(d)27 Gev

1 L L 1

" A AurAu Collisions

Met-proton

0.4<p 0.8 (GeVic)]
Iyl=0.5

Linear Fit

| .|J..|..I...-

Il L [ | PP RS PP B | EFIFETI B A
0 100 200 300 0O 100 2000 300 O 100 200 300 0 100 200 300
Average Number of Participant Nucleons <:Npan::

NA49: 32 protons per unit
rapidity at top SPS energies!!!
STAR “sees” 8
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“Stopping” Fluctuations

At low energy most of the baryon number (i1sospin) is brought in from
the colliding nuclei.
Need to control the fluctuations to due baryon stopping

JDN/dY N/dY

> >

Y Y

These fluctuations may also be biased by multiplicity selection.
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Dynamics, event selection ...

(or why a symmetric detectors are good)

Konchakovski et al. nucl-th/0511083

10| all charged Tob by All
T '
5 6| LS
s, }/ |5|!I: *| ] Backward
21 | i
ul: "Ill "I"I ]'Iq.l li“l
h N h Forward (like data)

Fluctuations are sensitive to dynamics (mixing of projectile and target material?)

Event selection/trigger affects fluctuations — large Acceptance!
Need backward and forward multiplicity detectors!

Need Backward and forward particle ID (protons) !
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Dileptons

 Low mass ( done deal...— Chronometer)
* |[ntermediate mass: Interesting (Thermometer)

S\. 1 T TT | | T T I- T | T 1T | T 1T | T 1T T 1T | T 1T | T 17T T I__
3 '%°E min. bias Au+Au at \[Syy = 200 GeV e
(\Jo JIRHIRIRIR Lo R yee JJ':I‘ = B8 _
=102 .. n— yee 4~ ee =
2 ; g ssees CC— €€ 3
£ C —n yee sum .
O 102 il g ccpTree c?:ir ee (random correlation) 7
% . w—>ee & nee 2 3
= i $ — ee & nee .
< . E
7. E
SR S ~
: ' | 3
N 1 ]

NG S - Thanks to

VA 1 , 3 .

RN TRy .JLL‘-..J-J‘.,-\L..J..-'... ekt .J...L...J.--L.L:.I.ZL!'r..J-..i R RO .. T. UllI’lCh
0 0.5 1 2 1.5 2 2.5 . 3 3.5 4 4.
I . di . My (GeV/CY)

' Intermediate
Low mass :
mass
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The Dilepton production

landscape
Momentum A
1 GeV 1~
Chiral and hagiil
4 dynamics
QCD| 4
CP
L : ——
0 (1 GeV)? ;
Space-like Time-like Mass

e-¢' scattering dilepton production



VIRTUAL PHOTON RADIATION FROM HOT AND DENSE
QCD MATTER

5 I Aususy=200ev

Model: Ralf Rapp

STAR: QM2014,

NAG60: EPJC 59 (2009) 607,

 Nagl —— CERES: Phys. Lett. B 666 (2006) 425,

no baryons ——

e e HADES: Phys.Rev.C84 (2011) 014902
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o
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<

? 1, ® comp. subtracted

108 L L L0 PR | B
0.2 0.4 0.6 0.8 1
M, [GeV/c?]

T. Galatyuk, QM 14



Low mass

- - 1’ > e*ey — Cocktail w/o p
> i = — n-oe'ey -+ Medium
S ook In-In" aN_ /dn>30 — 5 DIAoe*e © 19.6 GeV x 0.0002
= E Y : 102 - n >e'ey @ 27 GeV x 0.01 ]
8 g 1’* ' v excess dimuons ‘ - Jy o e'e © 39GeVx0.5
= = * Renk/Ruppert — 0o ete’(n) © 62.4GeVx15
& 107} 1’; * Hees/Rapp 0 — ee’(m) © 200 GeV x 200
25 B * Dusling/Zahed |_______T_-___1
S | - 100 ) | STAR Preliminary |
= 10°F _ |
§ E - ‘I_/-\
© 107 > 102
- O
- | 1 1 1 1 | 1 1 1 1 | 1 1 1 1 | 1 1 1 1 I 1 1 %ﬁ‘#‘h 8
107 0.5 1 15 2 2.5 =
2 a8 -4
=10 Ar + KCI @ 1.76 GeV UrGMD gg 10
g 3 UFQMD (x + 1 + ©) and In-medium Spectral . T¢ 5
; 10 Function from Coarse-Graining (p) ..., }l %_g
3 - Rapp Wambach <
2 10* in-medium p ~ 10°
= For comparison:
= o] === p With no baryon effects
10.6 £ 10'8
107
-8 p ! '10 1 1 —J 1 \ M_l_
10 01 02 03 04 05 0.6 g 10
M [GeV] 0 0.5 1 1.5 2 2.5 3 3.5
H. van Hees, BNL 14 invariant dielectron mass, Mg, (GeV/c?)

Low Mass region is understood:  Baryon resonances plus
broadening through mixing
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Intermediate Mass

In-In dN_/dn>30

; 2 s v excess dimuons
J*
* * Renk/Ruppert

107 y, HeesiRapo Intermediate mass sensitive to “QGP”

+ Dusling/Zahed

radiation. NA60: T ~200 MeV

What to expect at lower energies?
Should we see any radiation 1f no QGP? YES!

Will we see simply a lower temperature? (Hopefully !)
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10-8

Duality

T | T | I
— inel. p(1700) in ma,
— — excl. p(1700) in na,

..... - DMZ PWA
— — —- Lee—Yamagishi—Zahed

1077

e Leonidov—Ruuskanen
10-8 & 9%, o Huang

T=150 MeV

]_D—ll

10—12

Gale et al. !

Rate(QGP) = Rate(Hadrons)

If quarks radiate so do hadrons!

— We will see dileptons above

M>1GeV
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d°R 2 ¢

E.E = [pipi+pipE—g“v(p+-p_+mf)]ImH§v(k>

T dp,dp. (2n)° K

q-gbar cut  n-pion cut

Duality

1
efo—1

X

Extract from e*e or

tau-decay data
(Z. Huang PLB 95)

LT « T (v, 1=h)v, ALEPH |

as 0 e parton model prediction —
L perturbative QCD (massless) 7
— mo i

-

= 1:?7:0‘ ?‘J!:TI:O‘ 67T

e @R (corr.), NAR° (carr.), KK® (MC)

15 e KK-bar T (MC) -
- emmem KK -bar T (MC)
: % = _
[ gt T
- e
.5 ; ------------------'\ R
N\

Mass® (GeV/c®)

Location of break
in p -slopes
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— |
=
— |

R~e e =e¢
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— |
=
— |

R~e e =e¢

v (e'e’) = 2 n v (quark)

n>?2

v (e'e’) =2 v (quark)
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Test the low mass enhancement

Me+e- ~ 1,nrho
v |
e'e v (e'e) =2 v (pion)
if p1on annihilation
1s dominant
pions
—
P,
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Intermediate masses:
QGP radiation?

-

P,

QGP radiation Multi pion processes

—

Increase of M
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Partonic collectivity’?
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Dilepton v,

» Test the present understanding of low mass
enhancement

- v,(e'e)= 2 v (pion)

» Potential investigate the source for intermediate
mass dileptons

» Explore the p, scale for partonic collectivity
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Channels not controlled by e*e-

e*e- data

KE-bar T (MC) ;

emmmm KK-bar mw (MC)
L Lo 1

I
W e
. L = e -
s N N -
! N

LR T T T ]
e T v, 1=)v, ALEPH |
------ parton model prediction .
perturbative QCD (massless) ]

o
=/ WX

[s] [s]
=== ®W3T , 3x% , 6T

Ez==n R (corr), NER° (corr.), KK® (MC)

n-hadrons

AVAVA

Mass® (GeV/c?)”

n-hadrons

e*e” + hadrons 1n 1nitial/final state
are NOT accounted for
examples: N'-Dalitz, a -Dalitz, etc

This will be relevant for CBM!
I don't think 1t will change the
argument but needs to be
Investigated.
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Summary

* Phase structure requires measurement of fluctuations

 Dynamical treatment of first order phase transition including
instabilities within fluid dynamics

» Good tool for testing observables

e So far no good observable for instabilities and droplet
formation

e Higher order cumulants: Not so easy but important.

* Need to see ALL thermal particles (“Poissonizer”)
« Auto correlations
« Stopping fluctuations.
e Dileptons
e Low mass are understood
* Intermediate mass as thermometer
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Summary

e Charm: Not clear what to learn from it. Open to
suggestions

e Day one physics:
* Flow (if better than AGS)

Rihan Haque, Mo, 15:00
Phys. Rev. C 88, 014902 (2013)
0.1 7.7 Gev 11.5 GeV '
[ Au+Au, 0-80% 1
[ w-sub EP

................................................................

0 05 1 ‘ 20 0.5 ;
2
(mT-rno)/nCI (GeV/c)
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Summary

 Day 1: Flow (barometer)

 Day 2: Cumulants ("Phaseometer”)

* Day 3: Dileptons (M> 1 GeV, Thermometer)
 Days 4-6: You tell me

e Day 7: Rest
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BACKUP



Dilepton and the QCD CP

e Massless “modes” at CP since it is a second order
phase transition

* Mode is mixture of “sigma” amd “omega”
 However these may likely be space-like modes

— MZ_)O'
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Nambu model
p-h excitations

W=(q

o 4

/A

Fig. 3. Spectral function in the spacelike mo-

mentum region with |g|/A = 0.1, T = T,

and m/A = 0.01 for several p (see text). 1
q

critical fluctuations
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Nambu model
(Fuiji et al, hep-ph/0401028,0403039)

Sigma remains massive at CP; CP driven by spacelike p-h exitations

(b)
10 | o T
[ ]
< 1
a -
01 ¢
0.01 | o
[ d
0 2.5
/A g
Fig. 2. (a) Spectral function in the scalar channel (solid) with |g|/A1 = 0.1 at a CEP with
miA = 0.01. The free gas spectrum (dashed) is also shown for reference. (b) Tvpical pro-

cesses contributing to the spectrum.
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dN/dp,
10|
0.8
0.6/
0.4}
0.2

0.5 1.0 1.5 20
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Pressure P (MeV/im®)

x

Spinodal Multifragmentation

=

0.0 f&

—Nuclear EoS:

=0,5,10,15,20
=17 MeV

0.05 010 0.1

Nucleon density p (fm's)

Highly non-statistical

0.20

1st order phase transtion

|

Spinodal instability

Density undulations
may be amplified

18.0

MeV)
=5

~

reT
o 8
o o o

Temperatu
»

o
o O

0.08
£ 0.07
5 0.06
= 0.05
2 0.04
©
£ 003
= 0.02
(]
& 0.01
0.00

Spinodal region:

“12.0

L b b b b bl

1

/A R W .
"0.0 o041 02 03 04 05 06 07

Relative relative density p/ps

Growth rates:

0 02 04 06 038 1 12 14
Wave number k (frri)

Ph Chomaz, M Colonna, J Randrup
Nuclear Spinodal Fragmentation
Physics Reports 389 (2004) 263

Fragments
= equal!

CLUMPING of Baryon Density

=> (Good candidate signature

J. Randrup



Input required for realistic estimate of
conservation effects

Note: This 1s likely only to work at lower energies where we
have baryon stopping

Note: at low energies anti-protons likely to be irrelevant

Need:

*Total number of protons and (anti-protons) (4 Pi)

Number of protons and (anti-protons) actually measured
*Total number of charged particles

Big Question: Over what rapidity range are the various charges conserved?
e Balance Functions? Only averages!



QCD vs HRG

SE"

0.25}

0.20F

QCD 0.15F
0.10F

0.05F

— - = T [GeV
0.12 N6 0.2 024 L ]

SE°®

0.015}

“HRG” 0.010 ¢

0.005}

: : : L T [GeV]
0.12 0.16 0.2 0.24
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Liquid-gas vs QCD

P(T=0) =0

co-exist

Droplets are stable in vacuum

AP
20
dr

T {

P(T=0) > 0!

co-exist

FI—
B hadron— gas

OGP —liquid

No stable droplets in vacuum

a0



Difference between Liquid Gas
and QCD PT

Dexheimer et al, arXiv:1302.2835

Pressure A A :
Liquid-gas Pressure “QGP-liquid”
1 1
cc 2 2 cchadron gas” “QCD”
“liquid”
> >
Temperature Temperature

dap _S,/B,—S,/B,
dr  1/p,—1/p,

Clausius-Clapeyron: p,>p, [l/p,—1/p,>0

d—P>O »>S,/B,>S,/B,

dT
( ) g )
B gas B liquid

dP
d_T>O —)SI/B1<S2/Bz
B hadron— gas B

OGP — liquid
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[Lattice to the rescue?

Pressure [MeV/fm’]

Slope of pressure
along pseudo-critical line

Lattice data from Wuppertal/Budapest:

400

300

200

100

t | IHadruln-Dualrk EuIS g
- ---_ —— PQM model
3 .“*\ --O--POM + @
RS —— PQM model x 50
B .g —-0--PQM 4w x50 |
== Muclear L-G x 50
o "
R \
T Muclear L-G x 50 S "-‘
S .
B {:}f 3 i
. 9,
G"_,.--'/ POM x 50
- ..'--""g
l.“'-.-pc--' B O T ral s ) ] ) ]
0 30 60 a0 120 150 180
Temperature [MeV]
o7 Poc(li 1 =0)lr=r, = s(Tx,n = 0)

T3
= 2_>< X2(T><) .
&Y
(18)

Sign depends on definition of

pseudo-critical line



Higher moments (cumulants) and &

® Consider probability distribution for the order-parameter field:
Plo] ~ exp{—Q[o]/T} ,

2
Q:/ [ (Vo) + ”; UQ-{-}:; ‘;—I—%Jil-i- } . =

® Moments (connected) of ¢ = 0 mode ov = [d’z o(x):

Ko — (f}fx} = Lngz; k3 — (G’E«f} — QVTJ /\;; &ﬁ;

Ka = (0v)c = (0v) — 3{ov)” = 6VT*[2(As€)" — M €.

® Tree graphs. Each propagator gives ¢2.

e S R A

® Scaling requires “running”: Az = A3T(T°€) %2 and Ay = M\ (T€) 7L,

K3y = (J:ij’> = QVT:UZ i:; E'lj 7 kK4 = ﬁsz [2(5\;5)2 - 314 ] E? ;

Mon-gausaian fluctuations at the QCD critical point — p. 714
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Flow

-

v, NCQ Scaling of Particles

Rihan Haque, Mo, 15:00

[ Au+Au, 0-80% A OK' |
L n-sub EP " @KQ

PNZo

Particles
1 15 20
(m_-mg)/n_ (GeV/c?)

« NCQ-scaling holds for particles and  High m_ -m not measured at lower
antl-par ticles separ ately at all energies energies
— Partonic degrees of freedom? Do d)-mes()ns deviate?

NCQ = Number of Constituent Quark




Particle and Anti-particle flow

Steinheimer et al Phys.Rev. C86 (2012) 044903 :

« Excitation function of v,
 Centrality dependence of freeze out

parameters

Both agree with STAR measurement

Essential: stopping of baryon number
Explains difference in elliptic flow
between protons and anti-protons.

Not yet included:
Stopping of isospin.

Qualitatively explains the trend seen for pions

Strangeness conservation: strangeness chemical

v (part.) - v,(anti-part.)

Potential same sign as baryon chemical potential:

Flow difference of kaons same sign as protons

0.04

MB Au + Au Collisions

at RHIC
T | T

0.01 -

(=]

[ ! T
135

M0 E24 B9 2 195
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Exp. data  Hydro mod

» p P
A A nm K

OF K ieiam
¥ =z
\
o
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\\“‘\'i Q
L'y

T, IG)

T b

el Exp. data
A A
O K

‘\$llllllll ¥y LLLAL

o nt

L
! 7 200 &24 39 ! ol 195

NJL model
LI IT ]
i
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' |
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Figure courtesy N. Xu
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Another way

F=F(r), r=VT’+au’ a~ curvature of critical line

82F<T’M>M:0:%8TF(T’O)

u
...... 2

~~~ 84F<T’M>u=0:3a—

Baryon number cumulants give same
info. Less problem with flow etc.

=V
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The sources for v,

0.2 :; ?

> 54?#

AFARCY i %___*___“_ |

0.05 {; 1";
AR

o| 2 4 & 8 10 12 |
P1(GeV) 44 2
“Hydro” Jets

/Users/vkoch/Documents/talks/2014 CBM_KRAKOV/t



	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
	Slide 41
	Slide 42
	Slide 43
	Slide 44
	Slide 45
	Slide 46
	Slide 47
	Slide 48
	Slide 49
	Slide 50
	Slide 51
	Slide 52
	Slide 53
	Slide 54
	Slide 55
	Slide 56
	Slide 57
	Slide 58
	Slide 59
	Slide 60
	Slide 61
	Slide 62
	Slide 63
	Slide 64
	Slide 65

