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Simplelinear 2 -order PDEs

|. Scalingmethodfor Helmholtzeigenproblem
waves:elliptic PDE,time-independent
short-wavelengthlimit — numericallyhard
guantumchaosexplainsfastnevw method

Il. Brainimagingwith diffuseopticaltomograply
diffusion: parabolicPDE,time-dependent
ll-posed , messy3D geometry
clinical andfunctionalneuroimaging
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Wantspectrum , eigenfunctions)
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|. Scalingmethod

Domainin >

V + insidedomain
Y boundary Dirichlet

Wantspectrum , eigenfunctions)

Motivation ? Cavities: acousticselectromageptics,

"quantumdots’ (electronsystems)guantumchaos. .
Oftencareabout >

E.g spectraktatisticsas — oo (asympotics).

Forward andinversewaveproblems:Quanturbilliar dsand brain imaging—p.3



Physical examples

’::::::iﬂquummummm i
M

~~~~~ N\
Wi

dielectriclaser
resonatorsureci

Forward andinversewaveproblems:Quanturbilliar dsandbrain imaging— p.4



Physical examples

(mnluf);fﬂﬁﬁ(?;*ll'ﬁ» |

;‘&l‘

,::::::*muummmmmlmm::\:\:\::h

\\\\\\\\\\\\\\ M.
‘:::::::mﬁummummmﬁm‘:::z:'

(LY oy
l!l' "',:‘ﬂﬂ'r’l l?r““‘ ol

dielectriclaser
resonatorsurec liquid surfaces<udroll

Forward andinversewaveproblems:Quanturbilliar dsandbrain imaging— p.4



3 approaches

1. Finite Element(FEM) type

basissize > -sizedpatchesn ).
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3 approaches

1. Finite Element(FEM) type

basissize > -sizedpatchesn ).

2. Boundarylintegral (BIM) type
Greenduncknown  useasbasis

patche®n surfacq.

3. Measuraesonancesf real system
microwavescavities, etc... Q-factor painful!
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Scalingsketch

quadratidunctional F ¢ ¢ 0
IS In thebasis:
)  spatiallyrescaledo samewavenumber .
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Scalingsketch

quadratidunctional F ¢ ¢ 0
IS In thebasis:
)  spatiallyrescaledo samewavenumber .

DiagonalizeF
— basisrepof all ¢/ Inrange O

O N timesfasterthanubiquitousBIM !
(BIM hasto searchfor eadh )

SpecialF' relieson boundaryoverlapof i) 's...
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Quasi-orthogonality sketch
Mo Y P .

Short-time correspondence of dynamics
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Power spectrurtw)
of (weighted)
classical bounces

force

heating rate under periodic deformation

Specialdeformations no heatingas —
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Results(d

plane-vave basis,
speed:100suchy foundperminute
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New basisfor noncorvex

new singularbasis,
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Dir ections
Betterbasissetsfor variety of shapes
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Dir ections
Betterbasissetsfor variety of shapes
Understandasiscompleteness.
Error analysiscreepingsolutions
Applicationto spectralstatistics
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Il. Diffuse Optical Tomography

Imageinside
diffusive media?

scatteringength
absorption

Learnabout ,

depth
m mm few cm
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It' s all about blood

Nearinfrared: small
Hemoglobindominates

atmary 's — mapsof Hb, HbO
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It' s all about blood

Nearinfrared: small
Hemoglobindominates

atmary 's — mapsof Hb, HbO

Clinical: stroke, trauma babiespreastumors...

Neuronalactvation — Hb, HbO changes
Lastdecadeimagingthebrainin action!
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DOT equipment
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DOT equipment

signals:

Many S,D: useall possiblepairs
s light pulse— photoncountvstime

fMRI: 2-4mm, 1-2s, , X ed,Hb only
DOT: 1-2cm, 10-100ms, , portable Hb & HbO.
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Forward model

parametewector expectedsignalvector
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Forward model

parametewector expectedsignalvector

Incoherentvaves— transportequation— diffusion:

——¢ ¢ ¢+
¢ uence, RobinBCs—  ¢.

Finite-Differencelime-Domainin 3D ( mmlattice)
O accurag, for now. ..
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Inverseproblem

< measured
: many ha/e measured
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Inverseproblem

< measured
: many ha/e measured

Statistical:incompletanfo — learnPDF on
Bayesiannference

posterior likelihnood prior

posterior
pKx|y)

Poissormphotonstats

Userealisticnoisemodel:
forwardmodelerror
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Baselinemeas.with MRI help

Usegeometryfrom MR : s

for skull, scalp,brain.
Q: How well canmeasureabsolutebrain ?
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Dir ections
Real-world data
Forwardmodelling: accuracyvsspeed
Adjoint Differentiationfor Jacobean—
cerebrospinaluid clear— diffusionbad
Imagingthe cortex: unknovns

BestS,D placement?
Al / Optimization:explore high-dimPDFs
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