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A LOT OF CONDENSED MATTER COMING !A LOT OF CONDENSED MATTER COMING !

(+ HOLOGRAPHIC APPLICATIONS, ISSUES, QUESTIONS ….)(+ HOLOGRAPHIC APPLICATIONS, ISSUES, QUESTIONS ….)

[ I will be sloppy with references, especially mine][ I will be sloppy with references, especially mine]
                                [and with notations … sorry! ][and with notations … sorry! ]

[MB,Arxiv #]



  

SOLIDS, LATTICES & SUPERLATTICES

LIQUIDS & VISCOELASTICITY

QUASICRYSTALS &
INCOMMENSURATE STRUCTURES

LECTURESLECTURES



  



  

SOLIDS, LATTICES & SUPERLATTICES

[Principles of Condensed Matter Physics,
 Chaikin,Lubensky, Cambridge University Press]

[Theory of Elasticity, Volume 7,
Landau- Lifshitz]

[Non-Linear Elastic Deformations,
Ogden, Dover Civil and Mechanical Engineering]



  

What is a solid ?

● Shape & Volume fixed

●Rigid ----> ''elastic''

●Transverse sound (phonons)

●

●



  

Phonons from springs

Hooke's Hooke's 
lawlaw

1d chain1d chain



  

Phonons from springs

PHONONS :PHONONS :



  

Vibrational density of states

Debye modelDebye model

Van- Hove singularitiesVan- Hove singularities



  

Specific heat

DebyeDebye
LawLaw

At low temperature !



  

Reality check

e.g. Nickel titanium (Nitinol) 
   https://www.youtube.com/watch?v=NcwBTn0zWHw



  

Towards a modern approach

Spontaneous symmetry breakingSpontaneous symmetry breaking

SOLID = SYSTEM THAT BREAKS SPONTANEOUSLY TRANSLATIONSSOLID = SYSTEM THAT BREAKS SPONTANEOUSLY TRANSLATIONS

PHONONS = CORRESPONDING GOLDSTONE BOSONSPHONONS = CORRESPONDING GOLDSTONE BOSONS



  

Caveats (1 example)

SPACETIME
SYMMETRIES

Be careful with the
Goldstone Theorem

y

x

How many broken generators ?

And how many phonons (Goldstones) ?
     (other ex. 2D membrane in 3D)

[Inverse
Higgs

constraint]



  

Theory of elasticity



  

Theory of elasticity

+

dynamicsdynamics constitutive equationconstitutive equation

ISOTROPIC SYSTEMISOTROPIC SYSTEM

transverse & tracelesstrace

bulk modulusbulk modulus

shear modulusshear modulus

''shear''
It does not 
change the

volume



  

Theory of elasticity

And finally we get:

● Bulk modulus from thermodynamics

● No attenuation/dissipation

● For relativistic theories

Few commentsFew comments

Momentum
susceptibility

OUROUR
PHONONSPHONONS



  

Some experimental data

Rigidity diminishes
Increasing temperature

1000 Km1000 Km



  

A systematic classification

EE
NN
EE
RR
GG
YY

Relativistic lorentz invarianceRelativistic lorentz invariance

Relativistic lorentz invarianceRelativistic lorentz invariance

Different spontaneousDifferent spontaneous
breaking patternsbreaking patterns

[Nicolis, Penco,
Piazza, Rattazzi,2015]



  

First step to be modern

Build a field theory languageBuild a field theory language

EquilibriumEquilibrium

Set of ''comoving coordinates''

PHONONSPHONONS

Assumptions :Assumptions :

Isotropy and homogeneity
at large scales



  

The effective action

Lowest order :

Most general action Most general action 

For the moment flat space



  

The formalism

SSB patternSSB pattern
Spacetime translations Internal shifts

Diagonal subgroupDiagonal subgroup

Homogeneous stress tensor

homogeneityhomogeneity



  

Some phenomenology

Shear modulusShear modulus

Bulk modulusBulk modulus

Poisson's ratioPoisson's ratio

[MB,1708.08477]



  

The collective excitations (phonons)
and expand the 

action at 2nd order
[MB,1708.08477]



  

Solid VS fluids part I
No shear modulus

No propagating shear waves

IT'S A FLUIDIT'S A FLUID

''A fluid
takes the shape

of the
container …''

SYMMETRIESSYMMETRIES



  

EFT is nice but ...

1)1)

2)2)

Very hard to include dissipationVery hard to include dissipation
(problem of the field theory formalism)(problem of the field theory formalism)

Fundamental for attenuation, viscous effects, 
Viscoelastic materials, finite T effects, ...

It does not predict any transport coefficientIt does not predict any transport coefficient
(microscopics are needed)(microscopics are needed)

??



  

Holographic counterpart

The key conceptThe key concept

Breaking translationsBreaking translations
Spontaneously !Spontaneously !

OUR GOAL !OUR GOAL !



  

If you are strong & patient (not like me)

[Donos,Krikun,
Andrade, Pantelidou,

Li, Zaanen, Cremonini,
Schalm, ...]



  

How to embed this into Holography

gravitygravity

Asymptotically AdSAsymptotically AdS
ELASTIC black holeELASTIC black hole

(analytic background = easy)

[MB,1411.1003 ,1510.09089 ]



  

Lorentz-Violating Massive gravity

Diffeomorphisms invarianceDiffeomorphisms invariance

From the dictionary :

MomentumMomentum
dissipationdissipation

Caveats: Caveats: 1) Breaking lorentz invariance (energy conserved)1) Breaking lorentz invariance (energy conserved)

2) We want to break it spontaneously !!!2) We want to break it spontaneously !!!

(cf. Drude model)

[MB,1510.09089 ]



  

Explicit VS Spontaneous

How do we do it:How do we do it:

Explicit breakingExplicit breaking Spontaneous breakingSpontaneous breaking

[MB,1711.03100]



  

Where are the phonons

TransverseTransverse
PhononsPhonons

(it is a solid !)(it is a solid !)

[MB,1711.03100]



  

The elastic modulus

KUBO FORMULAKUBO FORMULA

RemarksRemarks 1) the source can also be implemented 
    with the scalars (gauge choice)

2) perturbative
      formula

[useful
 later ]

[MB,1711.03100]



  

How does a holographic solid sound

The formulas for the speeds works perfectly !The formulas for the speeds works perfectly !

+
Conformal
symmetry

[MB,1711.03100,1910.05281]



  

Beyond linear elasticity

(NONLINEAR) STRESS-STRAIN CURVE(NONLINEAR) STRESS-STRAIN CURVE

BULK STRAINBULK STRAIN SHEAR STRAIN SHEAR STRAIN 

[MB,1807.07474,2006.10774 ]



  

Beyond linear elasticity

Phonon speeds 
become  anisotropic

Non-linear large 
Deformations curves

+ breaking

[MB,1807.07474,2006.10774 ]



  

Beyond holographic linear elasticity

Same as before :

+ :

Anistropic black hole with finite background strain (spin 2 hair)

[MB,1807.07474,2006.10774 ]



  

Beyond holographic linear elasticity

A lot of phenomeology to explore
+ a nice example of nonlinear response

   In holography (cf.nonlinear conductivity) !

[MB,2006.10774]



  

More advanced topics
Most famous example: 
twisted bilayer graphene

[MB,''coming soon'']



  

More advanced topics

[MB,2001.05737]



  

More advanced topics

Hydrodynamics &Hydrodynamics &
Strain pressureStrain pressure

[MB,2001.05737]

[Armas, Jain]



  

More advanced topics

Phenomenology IPhenomenology I

[Fradkin,
Emery,
Kivelson]

[Hartnoll,
Gouteraux
et Al.]



  

More advanced topics

Phenomenology IIPhenomenology II

Phonons in the critical regionPhonons in the critical region
              (glassy features ? )(glassy features ? )

Phonons hydrodynamicsPhonons hydrodynamics



  



  



  

LIQUIDS & VISCOELASTICITY

[Fluid Mechanics, Landau & Lifshitz]

[Theory of Viscoelasticity, Christensen]

[Molecular Hydrodynamics, Boon & Yip]



  

What is a liquid ?

● Shape not fixed 
 but volume fixed

●Not Rigid ----> ''viscous''
(response only to shear strain rate)

●Shear diffusion

<x^2> = D t<x^2> = D t



  

Hydrodynamics

GradientGradient
expansionexpansion

PerturbativePerturbative
expansionexpansion



  

Example: diffusion

Transverse sector :
Shear diffusion

Dissipation
Viscosity

Continuity equation : Fick's law :

Example: relativistic hydrodynamics



  

Difficulties with liquids

+ + symmetriessymmetries

Very different from what we discussed for solids !Very different from what we discussed for solids !

Where is the action ?Where is the action ?
(e.g. action for a diffusive mode)(e.g. action for a diffusive mode)

DISSIPATION                                 HERMITIAN ACTIONDISSIPATION                                 HERMITIAN ACTION



  

Viscoelastic materials

They combine elastic andThey combine elastic and
viscous responseviscous response

Complex dynamicsComplex dynamics



  

Experimental tests 

stress strain

Complex modulusComplex modulus
<Tij Tij><Tij Tij>



  

Solids VS fluids (again) 

Elastic response

static and in phase
Dissipative/viscous response

response to a strain rate, out of phase

Complex  dynamicalComplex  dynamical
modulusmodulus



  

Are liquids and solids really different ?Are liquids and solids really different ?

NOT IFNOT IF

Proved in several experiments !!



  

This is ….

LIQUIDS SUPPORT PROPAGATING SHEAR WAVES ALSO AT LOW FREQUENCIES !!!

LIQUIDS BEHAVE LIKE ELASTIC SOLIDS ALSO AT LOW FREQUENCY !!!

[Noirez et al, J. Phys.: Condens. Matt. 2012]



  

Average time of

rearrengements of

molecules

Average time of

particles jumps

through the potential

barrier

Let us think more about liquids



  

The Maxwell-Frenkel approach

K-gap

Propagating shear mode
at low frequency

Diffusive mode

From the collision of the diffusive mode
and a lower non-hydro mode

[MB,1904.01419]



  

Physical meaning [MB,1904.01419]



  

Molecular dynamic simulations

[C. Yang, M. T. Dove, V. V. Brazhkin, K. Trachenko, PRL 2017]

K-gap observed in molecular dynamical simulations

The K-gap increases with temperature in agreement 
with the idea that tau decreases.



  

Experiments (Ga) [Trachenko et Al, 2020]



  

A field theory toy model

Non-hermitianNon-hermitian
PT symmetricPT symmetric

New dissipative termNew dissipative term

[It needs two scalar fields ...]

[MB,2004.13613]



  

A field theory toy model

Keldysh-Schwinger interpretationKeldysh-Schwinger interpretation

Non-hermitian (= dissipation)Non-hermitian (= dissipation)

PT symmetry (=unitary)PT symmetry (=unitary)

[MB,2004.13613]



  

A field theory toy model

SOLIDSOLID

FLUIDFLUID

[MB,2004.13613]



  

A field theory toy model

InteractionInteraction
potentialpotential

solid-regime hydro-regime

[MB,2004.13613]



  

Relativistic hydrodynamics

SHEAR DIFFUSIONSHEAR DIFFUSION
(linear order)(linear order)

Not a real problem (in my opinion), only issue for simulationsNot a real problem (in my opinion), only issue for simulations

Israel-Stewart formalism Same (telegraph) equation



  

Holographic inputs (step 0)

Schwarzschild Black hole Relativistic hydrodynamics

No k-gap, only crossing of modes ….No k-gap, only crossing of modes ….



  

Holographic inputs
Let us add a scaleLet us add a scale

Example 1: linear axionsExample 1: linear axions
[MB,1807.10530,
1808.05391]



  

Holographic inputs

Coulomb Coulomb 
interactionsinteractions

Hydro theory:Hydro theory:

[MB,1905.00804,
1912.07321 ]



  

''Holographic'' inputs

QUASI-HYDRODYNAMICSQUASI-HYDRODYNAMICS

1 CHARGE NOT CONSERVED BUT SLOWLY RELAXING1 CHARGE NOT CONSERVED BUT SLOWLY RELAXING



  

Another example

GENERALIZED GLOBAL SYMMETRIESGENERALIZED GLOBAL SYMMETRIES
(e.g. two-form dynamics)(e.g. two-form dynamics)



  

Convergenge of Hydrodynamics

Radius of convergenceRadius of convergence Collisions in complex spaceCollisions in complex space

K-gap sets the radius ofK-gap sets the radius of
convergence ofconvergence of
hydrodynamicshydrodynamics

[Grozdanov et Al. ]
[Heller et Al. ]



  

SHAKE OUR

BLACK HOLE

Holographic viscoelasticity

[MB,1903.02859,
1910.06331 ]



  

At large frequencies the 
viscosity goes to zero
= the system is a solid

Well-known fact,
Cf. Frenkel time

The larger the graviton
mass, the more solid

our system

FLUID SOLID

Holographic viscoelasticity

[MB,1903.02859,
1910.06331 ]



  

Holographic viscoelasticity

Nonlinear regime ! LAOS ! Nonlinear regime ! LAOS ! 
[MB,1910.06331 ]



  

Holographic viscoelasticity

STRAIN STIFFENINGSTRAIN STIFFENING

Nonlinear response similar
to polymers and rubbers

(not metals)

In agreement with negative thermal
expansion coefficient

[MB,1910.06331 ]



  

Food for curiosity : glasses

''BOSON'' PEAK (~1 Thz) 
EXCESS OF STATES

Low-T anomalous propertiesLow-T anomalous properties



  

Explanations

Theory 1

Theory 2

Theory ...

Theory 246
DISORDER

BUT ...BUT ...

Same properties observed nowSame properties observed now
in ordered crystals andin ordered crystals and

in incommensurate structures !!in incommensurate structures !!

That cannot be the end of the story
nor the universal explanation



  

Methods (EFT-Hydro again)

DEBYE PHONONSDEBYE PHONONS

NATURE OF COLLECTIVE LOW-ENERGYNATURE OF COLLECTIVE LOW-ENERGY
DEGREES OF FREEDOMDEGREES OF FREEDOM



  

A new paradigm

1) Damping and anharmonicity
    universally induce a boson peak

2) Piling up of soft optical-like
gapped mode induces a boson peak

3) Low-energy diffusive modes (diffusons,
phasons) give a linear in T specific heat

(theory predicts experimental density dependence
 for the 1st time and confirms correlation
Boson peak an Ioffe-Regel frequency )

Confirmed by experiments 
[Moratalla et Al, Cano et Al.]

Confirmed by experiments in quasicrystals 
[Cano et Al.]

[MB,1810.09516,1911.03351]

[MB,1812.07245,2008.01407 ]

[MB,1905.03286,2008.01407 ]



  

More advanced topics/questions

HOLOGRAPHY – HYDROHOLOGRAPHY – HYDRO
WHAT CAN WE LEARN MORE?WHAT CAN WE LEARN MORE?

K-GAP IS EVERYWHERE !K-GAP IS EVERYWHERE !
LOTS OF OPEN QUESTIONS ...LOTS OF OPEN QUESTIONS ...

● VISCOELASTICITY
● BROKEN SYMMETRIES
● ACTION FOR HYDRO
● DISSIPATIVE-OPEN SYSTEMS



  

More advanced topics/questions

WHAT IS A GLASS AND ARE THOSE PROPERTIESWHAT IS A GLASS AND ARE THOSE PROPERTIES
REALLY ANOMALOUS?REALLY ANOMALOUS?

WHAT ABOUT THERMAL CONDUCTIVITY ?WHAT ABOUT THERMAL CONDUCTIVITY ?

HHOLOGRAPHIC GLASSES ?OLOGRAPHIC GLASSES ?
GRAVITY AND GLASSES (see gravity ensemble)GRAVITY AND GLASSES (see gravity ensemble)



  



  



  

QUASICRYSTALS & INCOMMENSURATE

Quasicrystals: A Primer, Christian Janot



  

What brought me hereWhat brought me here

Longitudinal sound

[MB,1905.09164 ,
1905.09488 ]



  

Longitudinal sound

WHAT IS 
THIS MODE ?

What brought me hereWhat brought me here

[MB,1905.09164 ,
1905.09488 ] [Some people

simply say it
is mass 

diffusion or
vacancy diffusion]

I will explain
why that

cannot be.



  

Longitudinal diffusive mode

1 - It does not come from the breaking of translations

2 - It comes from the SSB of the global internal symmetry

3 - It is a diffusive Goldstone boson

[Donos,Martin,Pantelidou,Ziogas,2019]

[Amoretti, Arean, Gouteraux, Musso,2018]

Important pointsImportant points



  

Other considerations 

Translations are not broken to a discrete subgroup.
There is no unit cell. The systems are not periodic.
(e.g. Incommensurate CDW)

The mode does not come from the conservation of
any local U1 current (e.g. mass diffusion, charge diffusion)

The are no commensurability effects.

[Andrade,Krikun, 2015]

Most of the systems are metastable.
Actually there is NO known Q-lattice or axion model (with SSB)
which is  stable in all senses (thermodynamics and dynamics)



  

Aperiodic crystals 

QUASICRYSTAL

Periodic crystal Amorphous system
(e.g. glasses)

LONG RANGE ORDER BUT NO PERIODICITY

Real ! (cf. Nobel Prize)

(e.g. Penrose tilings , incommensurate CDWs)



  

Bragg peaks

Sharp bragg peaksSharp bragg peaks
but not periodicbut not periodic

( + modulated intensity)( + modulated intensity)



  

Penrose tilings & art

We need to change
the tiles of the
kitchen floor....

But, I do not want
them periodic!
They are boring.

Siri, call 
Roger
Penrose.



  

Lattice structures

Point in the crystal

Aperiodic structure needs more vectors than d

Alternatively the additional
vectors can be recasted

into phases
( = modulation)



  

Phasons

New hydrodynamic low-energy excitationNew hydrodynamic low-energy excitation

And propagating at large wave-vector ...



  

The superspace formalism



  

Where do phasons come from ?

Rigid translations in the internal spaceRigid translations in the internal space

Phason jumps (only at finite T)



  

Why they are diffusive

Find a formal &Find a formal &
satisfactory explanationsatisfactory explanation

from symmetriesfrom symmetries



  

Incommensurate structures

Free energy invariant under phase shifts

Hydro-massless mode: phasonHydro-massless mode: phason



  

Phasons (2nd point of view)

IONIC LATTICEIONIC LATTICE

SPONTANEOUS STRUCTURESPONTANEOUS STRUCTURE

PHASON =  free sliding of the spontaneous structurePHASON =  free sliding of the spontaneous structure



  

Back to holography

Holographic spontaneous latticesHolographic spontaneous lattices
(e.g. Charge density waves)(e.g. Charge density waves)

Spontaneous inhomogeneous structuresSpontaneous inhomogeneous structures

 [Donos, Gauntlett, Ooguri, Park, Lippert, Jokela, Li, Zaanen, Krikun, Andrade + …..]



  

Use a global symmetry in the bulk to Use a global symmetry in the bulk to 
break translations in a homogeneous waybreak translations in a homogeneous way

Axions-like models Axions-like models 
[Andrade,Withers][Andrade,Withers]

Q-lattices Q-lattices 
[Donos,Gauntlett][Donos,Gauntlett]

Shift symmetry
(goldstones)

Global U(1)

Geometry homogeneous but translations are broken !

Analysis of homogeneous models



  
PHONONS PHASONS

Spacetime directions Internal directions

Analysis of homogeneous models

[MB,2001.06228 ]



  

Analysis of homogeneous models
They are They are NOTNOT the gravity dual of solids EFTs the gravity dual of solids EFTs

[MB,2008.05339]



  

Phase relaxation

PINNED STRUCTUREPINNED STRUCTURE

Phase is relaxed with rate OmegaPhase is relaxed with rate Omega

Now you cant just slide freely



  

The phase relaxation mistery

Induced by explicit breaking !Induced by explicit breaking !

Different from the 
standard phase relaxation

induced by defects
(e.g. dislocations)

Common to many
holographic models

[I would say all]

[MB,1904.05785]



  

A universal relation
[Gouteraux et Al.]

Phason diffusion

Phonon pinning frequency

Complete 
formal

proof still
absent

Confirmed in several models
with numerics and

perturbative methods

[MB,1904.05785]



  

Inhomogeneous models

Those are toy models, 
not real lattices !!

They are missing a lot of real physics
(and probably introducing a lot of 

fake one ...)

Let us check in ''real'' lattices !Let us check in ''real'' lattices ! [MB,''coming soon'']



  

Inhomogeneous models

This is what we get !This is what we get ! [MB,
''coming soon'']



  

What did we learn ?

Below Tc the hydro spectrum of homogeneous models Below Tc the hydro spectrum of homogeneous models 
and the inhomogeneous ones and the inhomogeneous ones ARE IDENTICALARE IDENTICAL ! !

& in perfect agreement with hydrodynamics& in perfect agreement with hydrodynamics

1) No matter if the system is inhomogeneous at large scale 
    physics is always homogeneous [Nicolis et Al.]

2) Homogeneous models capture well (almost) everything

[MB,''coming soon'']



  

What did we learn ?

1) Physics of the model can be understood perfectly
from ''amplitude equation'' and theory of pattern formation

2) Omega can be really understood as phase relaxation
    and identified also above Tc

3) The Omega dependence
     is confirmed

[MB,''coming soon'']



  

EFT with dissipation

Classical field
(VEV of quantum fields)

Thermal and quantum
fluctuations (dissipation)



  

EFT for quasicrystals

Superspace fields

Quasicrystal part 

[MB,2008.05339]



  

EFT for quasicrystals

Dissipative coefficient
(non hermitian part of the action)

Phason elasticity

[MB,2008.05339]



  

EFT for quasicrystals

Only allowed at finite T (with dissipation)Only allowed at finite T (with dissipation)

PHASON SHIFT = PHASON SHIFT = 
Symmetry with no associated conserved Noether current !Symmetry with no associated conserved Noether current !

Cf. DIFFUSIVE Goldstone modes in dissipative systems [Hidaka et Al.]

[MB,2008.05339]



  

Light on the (no longer) mistery

Let us introduce explicit breaking

But let us retain diagonal symmetry
(as in the holographic models)

PHONONSPHONONS 1) damped

2) pinned

[MB,2008.05339]



  

Light on the (no longer) mistery

PHASONSPHASONS

PHASE
RELAXATION

EXACTLY WHAT WE FIND IN HOLOGRAPHY !EXACTLY WHAT WE FIND IN HOLOGRAPHY !
IT IS SIMPLY THE SYMMETRY BREAKING PATTERNIT IS SIMPLY THE SYMMETRY BREAKING PATTERN

(equivalent of GMOR relation for mass)(equivalent of GMOR relation for mass)

[MB,2008.05339]



  

More advanced topics/questions

Role for phenomenology !

Linear in T?

High Tc ?

Optical conductivity ?

[Hartnoll et Al.]



  

More advanced topics/questions

INCOMMENSURATEINCOMMENSURATE COMMENSURATE

What happens to the phason ?
Properties of the phase transition ?

Holographic implementation



  

More advanced topics/questions

ORDER <-----------> SUPERCONDUCTIVITY

Other orders: nematicity, pair density waves, spin wavesOther orders: nematicity, pair density waves, spin waves

[Holography + hydrodynamics + EFT- field theory ]



  



  

CONCLUSIONS

A lot of interesting and cool physicsA lot of interesting and cool physics



  

CONCLUSIONS

Organizing principle: symmetriesOrganizing principle: symmetries



  

AcknowledgmentsAcknowledgments

and many more ...and many more ...



  

Thanks a lotThanks a lot

(looking forward to coming(looking forward to coming
back to Korea)back to Korea)



  

If you are interested (or you know some good candidate) please
contact me at : mbaggioli@ifae.es (and share the info)

Several positions available for next year !!Several positions available for next year !!

mailto:mbaggioli@ifae.es


  

For any questions: mbaggioli@ifae.es



  


	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
	Slide 66
	Slide 67
	Slide 68
	Slide 69
	Slide 70
	Slide 71
	Slide 72
	Slide 73
	Slide 74
	Slide 75
	Slide 76
	Slide 77
	Slide 78
	Slide 79
	Slide 80
	Slide 81
	Slide 82
	Slide 83
	Slide 84
	Slide 85
	Slide 86
	Slide 87
	Slide 88
	Slide 89
	Slide 90
	Slide 91
	Slide 92
	Slide 93
	Slide 94
	Slide 95
	Slide 96
	Slide 97
	Slide 98
	Slide 99
	Slide 100
	Slide 101
	Slide 102
	Slide 103
	Slide 104
	Slide 105
	Slide 106
	Slide 107
	Slide 108
	Slide 109
	Slide 110
	Slide 111
	Slide 112
	Slide 113
	Slide 114
	Slide 115
	Slide 116
	Slide 117
	Slide 118
	Slide 119
	Slide 120
	Slide 121
	Slide 122
	Slide 123
	Slide 124
	Slide 125
	Slide 126
	Slide 127
	Slide 128

