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Introduction to ITEP
Objective

Let D C R be an open bounded set, modeling a scatterer.

Interior Transmission Eigenvalue Problem (ITEP)
Find (k, (u,w)) € C x [HY(D)]?, (u,w) # 0, such that
V- [AVY] + E*nu =0, Aw+k*w=0 (z€D),
with boundary conditions
u=w, O,,u=0w (zredD),
where n € L>®(D) and A € L>(D,R%*9).

Definition: k is a transmission eigenvalue.

Interpretation: w is the total field and w is the incident field.
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Introduction to ITEP
Objective

Let D C R be an open bounded set, modeling a scatterer.

Interior Transmission Eigenvalue Problem (ITEP)
Find (k, (u,w)) € C x [HY(D)]?, (u,w) # 0, such that
V- [AVY] + E*nu =0, Aw+k*w=0 (z€D),
with boundary conditions
u=w, O,,u=0w (zredD),
where n € L>®(D) and A € L>(D,R%*9).

Definition: k is a transmission eigenvalue.

Interpretation: w is the total field and w is the incident field.

Broad objective: Computation of & when A is such that
[H'(D)]? is not the right functional space,

since the problem is not Fredholm.

I Next: basics of ITEP in [H!(D)]? ] 1/20




Introduction to ITEP
°

Motivation: why study transmission eigenvalues?

Transmission eigenvalues (TEs) are useful in inverse scattering.

Theorem. Faber-Krahn type estimate (Cakoni and Haddar 2012, Thm 3.5)

A1 (D)
HO)

If A= 1 and inf,epn(z) > 1, then ||n|p~p) >
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Theorem. Faber-Krahn type estimate (Cakoni and Haddar 2012, Thm 3.5)

A1 (D)
HO)

If A= 1 and inf,epn(z) > 1, then ||n|p~p) >

Definition. Space H of Herglotz wave functions:
w(@) = [ e=Tg,(g)do(g) with g € L*S?).
S
Definition. Far-field operator:
F(k,D): H3u' — ul, € L*(S?),

where u is the far-field pattern of the scattered field u°.
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Introduction to ITEP
°

Motivation: why study transmission eigenvalues?

Transmission eigenvalues (TEs) are useful in inverse scattering.

Theorem. Faber-Krahn type estimate (Cakoni and Haddar 2012, Thm 3.5)

A1 (D)
HO)

If A= 1 and inf,epn(z) > 1, then ||n|p~p) >

Definition. Space H of Herglotz wave functions:
w(@) = [ e=Tg,(g)do(g) with g € L*S?).
S
Definition. Far-field operator:
F(k,D): H3u' — ul, € L*(S?),

where u is the far-field pattern of the scattered field u°.

Theorem. Arbitrarily-small far field (Cakoni, Colton, and Haddar 2021)
If (K, (u,w)) solves the ITEP, then Ve > 0,
Hué ceH: ||u — uéHL2(D) <e and HF(}C,D)U;HLQ(SZ) <e.

» If k is a nonscattering wavenumber, we can achieve € = 0.




Introduction to ITEP
L 1ol

Standard setting

Weak formulation in V = {(u,w) e [HY(D)]® [u—w e H&(D)}
Find (k, (u,w)) € C x V\{0} such that V (., pw) € V,
(AV’LL, v@u)D - (VU}, VQO’LU)D = k2 [(n u, SOU)D - (w’ Sow)D] .

/\ This is a sign-changing problem with complex eigenvalues!
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Introduction to ITEP
L 1ol

Standard setting

Weak formulation in V = {(u,w) € [HY(D)]* |u—w € H}(D) |
Find (k, (u,w)) € C x V\{0} such that V (., pw) € V,
(AVu, v@u)p — (Vuw, v@w)D =K [(nu, SOU)D — (w, pw)D] -

/\ This is a sign-changing problem with complex eigenvalues!

Theorem (Bonnet-Ben Dhia, Chesnel, and Haddar 2011, Thm.5.1)

Let A € L™ (D, R3>*3) symmetric p.d. and n € L> (D, R).
If there is a neighborhood N of 9D s.t.:

m15{[([ — A(x)) >0 and xlg{/(l —n(x)) >0,

then oytep = {kn }n>1 with co as the only possible accumulation point.
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Let A € L™ (D, R3>*3) symmetric p.d. and n € L> (D, R).
If there is a neighborhood N of 9D s.t.:

m15{[([ — A(x)) >0 and xlg{/(l —n(x)) >0,

then oytep = {kn }n>1 with co as the only possible accumulation point.
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Standard setting

Weak formulation in V = {(u,w) € [HY(D)]* |u—w € H}(D) |
Find (k, (u,w)) € C x V\{0} such that V (., pw) € V,
(AVu, v@u)p — (Vuw, v@w)D =K [(nu, SOU)D — (w, pw)D] -

/\ This is a sign-changing problem with complex eigenvalues!

Theorem (Bonnet-Ben Dhia, Chesnel, and Haddar 2011, Thm.5.1)

Let A € L™ (D, R3>*3) symmetric p.d. and n € L> (D, R).
If there is a neighborhood N of 0D s.t.:

m15{[([ — A(x)) >0 and xlg{/(l —n(x)) >0,
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L 1ol

Standard setting

Weak formulation in V = {(u,w) € [HY(D)]* |u—w € H}(D) |
Find (k, (u,w)) € C x V\{0} such that V (., pw) € V,
(AVu, v@u)p — (Vuw, v@w)D =K [(nu, SOU)D — (w, pw)D] -

/\ This is a sign-changing problem with complex eigenvalues!

Theorem (Bonnet-Ben Dhia, Chesnel, and Haddar 2011, Thm.5.1)

Let A € L™ (D, R3>*3) symmetric p.d. and n € L> (D, R).
If there is a neighborhood N of 0D s.t.:

m15{[([ — A(x)) >0 and xlg{/(l —n(x)) >0,

then oytep = {kn }n>1 with co as the only possible accumulation point.

Proof: Bilinear form ay : V xV — C:
ar(U, ®) = (AVu, Vou) p— (Vw, Vou) p + S(k)? [(nu, o) p— (w, puw) D] + bk (U, ®),
———

T'-coercive compact

with T'(u, w) = (u, —w) + Rar(u, w) where Rar(u, w) = xn (—2w, 0).




Introduction to ITEP
oe

Numerical results

Approximation space: V;, C V = H'(Q) x H}(Q), isoparametric
Lagrange elements of degree p.
Implementation: gmsh / fenicsx / PETSc / SLEPc.

Disc-1 L-Shape
0.20
0.84 O (Colton et al. 2010, Tab. 1) O (Xie Wu 2017, Tab. 5)
+ Sl1-bis (N=18902) 0.154 * Sl-bis (N=2962)
0.6 @ + +
0.10
0.4 1 ®
0.2 0.05 +
% 0.0 + o0 00MmD OWO-HO-q % 0.00 T o O o0 H+HH+
—02 7 _0.05 <
— i @
04 —0.10 A
—0.6 1 ® +
~0.15 A t
_08 4
T T T —0.20 T T
0 2 4 6 8 0 2 4 6
R(k) R(k)

(a) Disc-1 (p = 2). (b) L-shape (p = 1). 4/20



Introduction to ITEP
°
Outline

Objective: Computation of transmission eigenvalues k when
I — A(x) changes sign around x; € 9D,

leading to a non-Fredholm problem in H'(D).

Outline

© Strongly-oscillating singularities in ITEP
Why do we lose Fredholmness?
Can we recover it in an extended space?

© Corner complex scaling
How can we approximate this extended space?

@ Numerical results
Does this actually works?

5/20
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Singularities in ITEP
°

Problem setting
Find (k, (u,w)) : V- [AVu] + E*nu =0, Aw+k*w=0 (z¢€ D),

u=w, Oy, u = 0w (x € OD).
Case of interest
1 Tt
A(z) = o1lp, (z) + o2l p,(z), | (o
n(x) > 1, 3 Dy D,
where o; > 0. l P
| zy

/\ Nature of spectrum depends upon (o1, 02):
02

0 1 01
[ Next: singularity analysis around x; ;. ] 6/20




Singularities in ITEP

Local singularity analysis (1/2)

Local interior transmission problem

V - [AVu] + #2770 = 0
Aw + 10 =0
u—w =0, O, u—Ohw=0

where A(H) = 01]1[)1 + 0’2]1[)2.
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Singularities in ITEP

Local singularity analysis (1/2)

Local interior transmission problem
V- [AVu] + k21 =0
Aw + k0 = 0
u—w =0, O, u—Ohw=0

where A(H) = 01]1[)1 + 0’2]1[)2.

Proposition (Dispersion relation).
Local solutions have the form
u oy (0) i | an®(0)
(7“,9)2[3; ]ﬂL > TW["ZZ ;
[ w ] oY (0) weB o 02) by @3 (0)
where (9%, @) € [Hye (—m,m)]? and H (o1, 09) is:

/N 1) € R* & strongly-oscillating singularities ®,,(0) ¢ [H(D)]?.
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Singularities in ITEP

Local singularity analysis (1/2)

Local interior transmission problem
V- [AVu] + k21 =0
Aw + k0 = 0
u—w =0, O, u—Ohw=0

where A(H) = 01]1[)1 + 0’2]1[)2.

Proposition (Dispersion relation).
Local solutions have the form
u oy (0) i | an®(0)
(7“,9)2[3; ]ﬂL > TW["ZZ ;
[ w ] oY (0) weB o 02) by @3 (0)
where (9%, @) € [Hye (—m,m)]? and H (o1, 09) is:

H(oy,09) :=={n € C*| det M(n, 01,02) = 0},
with 9t € €86,

/N 1) € R* & strongly-oscillating singularities ®,,(0) ¢ [H(D)]?.
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Singularities in ITEP

Local singularity analysis (2/2)

A\ Ty e R*: det (1, 01,02) = 0 & strongly-oscillating singularity:
' @y (0) € [L2(D)\H'(D)]*.

Euler coordinates (z,0) :== (Inr,0)
_ L 0=¢
0= R | Sy = W(Dy) 2
N ! E 0=¢1
9 = ¢2 3 E Sl — qj(Dl)
0= 03 E 0=0
Tt 2 'z — —00 z=In R
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Singularities in ITEP

Local singularity analysis (2/2)

A\ Ty e R*: det (1, 01,02) = 0 & strongly-oscillating singularity:
' @y (0) € [L2(D)\H'(D)]*.

Euler coordinates (z,0) :== (Inr,0)
_ o =9
0= R | Sy = W(Dy) 2
N ! E 0=¢1
9 = ¢2 3 E Sl — qj(Dl)
0= 03 E 0=0
Tt 2 'z — —00 z=In R

Plot of singularity for (¢1, ¢2) = (7/2/) and (o1,02) = (1.01,0.5):

R(u) R(w)

n 1.0 n 1.0
0.5 0.5
@ ¢ 0.0 @ $ 0.0
-0.5 -0.5
. Lo o R e e u |
In(Rrg) = -9.2e+00 In(R) = 0.0e+00 In(R7r) In(R)
z z

8/20



Singularities in ITEP
°

New functional settings for I T EP (gonnet-Ben Dhia and Chesnel 2013)

The local analysis suggests defining the singularity region:

X = {(01,02) S Rz | 377 cR*: det9ﬁ¢1,¢2(n,01,02) = 0} .

A\ (01,02) € # < strongly-oscillating 7 ®,(0) € [L*(D)\H'(D)]2.
& Fredholmness is lost in H'(D).

9/20
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Singularities in ITEP
°

New functional settings for I T EP (gonnet-Ben Dhia and Chesnel 2013)

The local analysis suggests defining the singularity region:

X = {(01,0'2) S R2|E|?7 cR*: det9ﬁ¢1,¢2(77,01,02) = 0} .

A\ (01,02) € # < strongly-oscillating 7 ®,(0) € [L*(D)\H'(D)]2.
& Fredholmness is lost in H1(D).

Functional spaces that achieves Fredholmness
- O ezs sy 3 For any v € R,
o | X(D) = span{r®y +yr TR}
. | ®
N £
X,(D) v iwhere V c HY(D) is a Kondratiev
oo wm S space.

Next: can we use H'-FEM when (o1, 02) € %7 ] 9/20



Singularities in ITEP
°

Numericalillustration of lack of convergence

Computation using H'-FEM for increasing N (# of DoF):

Fredholm in H'(D) Fredholm in X, (D)
(01,02)=(0.25,0.9) (¢,6)=(90°,126°)
10.0 -
s ¥ 8
7.5 1 &
5.0 L
2.5
<
2 00+ & =
_2.5_
~5.0 -
—7.5 1 ®
®
® ®
-10.0 8 3 |
10 20 30
R(k)
X N=9956 O N=151120 + N=234730
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Singularities in ITEP
°

Numericalillustration of lack of convergence

Computation using H'-FEM for increasing N (# of DoF):

Fredholm in Hl(D)
(01,02)=(0.25,0.9) (¢,6)=(90°,126°)
0.0 B
g 2 8
7.5 L
5.0 - B
2.5
~ _
< 00F T
_2.5_
~5.0 A ®
—7.5 1 ®
®
® ®
-10.0 8 3 |
0 10 20 30
R(k)
X N=9956 O N=151120 + N=234730

Fredholm in X, (D)

(01,02)=(0.25,1.1) (¢,6)=(90°,126°)
1007 é F o
7.5 &
5.0 X
2.5
P 8
% 0.0 f &XHOKIO XD X-D HEWOCIR6]
_2.5 4
—5.0 A ax
—7.5 1 &
<}
&
-10.0 x, & F |
0 10 20 30
R(k)
X N=9956 O N=151120 + N=234730

Next: how can we discretize in X, (D)? ]

10/20
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Corner complex scaling
[ I}

Corner complexscaling: principle

Principle. Let o € C. Define a new “ITEPa” such that:
kis an X, (D)-eigenvalue of ITEP <= k is a H'(D)-eigenvalue of ITEP« .

Assume v = 0 and let (u,w) € X, (D). Intuitively, we would like
(ITEP) (w,w)  ~ B, (0) + co (S(n) =0)

r=|ez—x¢|—0
1

(ITEP0) (un,w.) ~  217& (0) +co (% (ﬁ) <0)

r=|z—x¢|—0

11/20
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Corner complexscaling: principle

Principle. Let o € C. Define a new “ITEPa” such that:
kis an X, (D)-eigenvalue of ITEP <= k is a H'(D)-eigenvalue of ITEP« .

Assume v = 0 and let (u,w) € X, (D). Intuitively, we would like
(ITEP) (u, w) ~ e B, (0) + co (S(n)=0)

r=|z—x¢|—0
1

(ITEP0) (un,w.) ~  217& (0) +co (% (ﬁ) <0)

r=|z—x¢|—0

Definition of ITEP«. Substitution
rd, — aro,

around the corner.
(Bonnet-Ben Dhia, Carvalho, Chesnel,
2016)
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Corner complexscaling: principle

Principle. Let o € C. Define a new “ITEPa” such that:
kis an X, (D)-eigenvalue of ITEP <= k is a H'(D)-eigenvalue of ITEP« .

Assume v = 0 and let (u,w) € X, (D). Intuitively, we would like
(ITEP) (w,w)  ~ B, (0) + co (S(n) =0)

r=|ez—x¢|—0
1

(ITEP0) (un,w.) ~  217& (0) +co (% (ﬁ) <0)

r=|z—x¢|—0

Definition of ITEP«. Substitution

around the corner.
(Bonnet-Ben Dhia, Carvalho, Chesnel, and Ciarlet:
2016) !

|
I
|
r0, — ard, |
|
I
|

[ Next: weak formulation? ] 11/20




Corner complex scaling
oce

Corner complexscaling: weak formulation

) ) : =0

szmﬁl zZ — —00 z=1In R?

T T2

Fig. Obstacle with scaling region B; highlighted.
Cartesian-to-Euler coordinate mapping V;(z,y) = (z,0):
U;(B;) = S; = (—o0,In Ry) x (0,68") (i € [1,N.]).
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Corner complex scaling
oce

Corner complexscaling: weak formulation

(1)

ozf‘\&l) z —> —00 z=1In R1

T2

Fig. Obstacle with scaling region B; highlighted.
Cartesian-to-Euler coordinate mapping V;(z,y) = (z,0):
U;(B;) = S; = (—o0,In Ry) x (0,68") (i € [1,N.]).
Weak formulation of ITEP« is obtained with the substitutions:
) ~ (o) ~
(Vu, Vou) g, — ( g, v‘Pm) and  (u,u)p, — (w,- uz‘,soai)si ;

where

(8

Tj“klu(z,ﬁ) = < ({?)ZZ ) , xf“’(z,&) 1 o2l

l Next: validation of this weak formulation? ] 12/20




Corner complex scaling
°

Corner complexscaling: validation

Validation obstacle

0= ¢
r=R
(0,0) Tr —6=0
Boundary conditions:
u—w=0,0,,u—d,w=0 (I'r),
u=w=0 (T'p)

Singularity region Z

($1,¢2)=(90°,120°)

15
o

2.0 25

3.0

Problem: find (o1, (u,w)) given (o2, k,n). Exact spectrum: %Z N {0z = cst}.

20



Corner complex scaling
°

Corner complexscaling: validation

Validation obstacle Singularity region Z#
0= ¢, ($1.62)=(90°,120°)
R o0
0o 1, =0
Boundary conditions:

u—w=0,0,,u—d,w=0 (I'r),
u=w=0 (Tp).

Problem: find (o1, (u,w)) given (o2, k,n). Exact spectrum: %Z N {0z = cst}.




Corner complex scaling
°

Corner complexscaling: validation

Validation obstacle

u=w=20

Singularity region Z

0= P (91,62)=(90°,120°)
= ¢2 F[)
(0,0) Tr —6=0
Boundary conditions:
u—w=0,0,,u—0bw=0 (I'r),

Problem: find (o1, (u,w)) given (o2, k,n). Exact spectrum: %Z N {0z = cst}.

0.50 1/« Exact with arg(a)=0.0
- 0.25 1 + FEM (N=1330)
)
a 0.00+ .-
—0.25 A

0.50 1 . Exact with arg(a)=0.0

0251 + FEM®=1330)

3(o1)

0.00 friss- -

—0.25 A

0.0 0.5 1.0 1.5
R(o1)

1.0 1.5
R(o1)

2.0 0.0 0.5

2.0

20
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Corner complexscaling: validation

Validation obstacle

u=w=20

Singularity region Z

0= P (91,62)=(90°,120°)
= ¢2 F[)
(0,0) Tr —6=0
Boundary conditions:
u—w=0,0,,u—0bw=0 (I'r),

Problem: find (o1, (u,w)) given (o2, k,n). Exact spectrum: %Z N {0z = cst}.

0.50 1 .+ Exact with arg(a)=18.0
- 0.25 1 + FEM (N=1330)
)
A 0.00+ -
—0.25 A

0.0 0.5 1.0 1.5
R(o1)

0.50 7 .« Exact with arg(a)=18.0
~ 0251 + FEM (N=1330)
)
= 0.00 A d
-025 /
2.0 0.0 0.5 1.0 1.5
R(o1)

2.0

20
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Problem setup

Numerical results
°

T

D,

b1

Obstacle definition: ¢y = 7/2, ¢, = 1.4 X 7/2, and n = 1.2

iCase A: (o1,02) = (0.25,0.9).

‘= Discrete spectrum in H'(D).

‘Case B: (01,02) = (0.25,1.1).

‘= Discrete spectrum in X, (D).

14/20
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T

D,

b1

Obstacle definition: ¢y = 7/2, ¢, = 1.4 X 7/2, and n = 1.2

Case A: (01, 02) = (0.25,0.9).

‘= Discrete spectrum in H'(D).

‘Case B: (01,02) = (0.25,1.1).

‘= Discrete spectrum in X, (D).

‘ ™

fon
=0

In(RTR)

h’l(RpML) z=1In Rt
™

+ b
=0

In(RTR)

In(Rpyr) 2= IRy

Obstacle with top and bottom scaling regions

Tt (Lﬂm Lz/)

Pt
D2 Dl
&)

(0,0)

Ty
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Numerical results
[1e}

Case A: discrete spectrumin H'(D)

Convergence w.r.t. N (# of DoF) and dependency on o = ¢ (scaling).

Without scaling With scaling
No Euler regions
0.4 L E J
i 2R ® = ®
0.3 ® ()
& & @® ®
0.2 1
0.1 4
% 0.0 ¢ B B SRR
_0'1 4
—0.2
®
B ® o=
—0.3 L ®
g B B omg ﬁ
-0.4 T T — 1
0.0 0.5 1.0 1.5 2.0
R(k)
X N=7956 O N=66194 + N=217644
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Case A: discrete spectrumin H'(D)

Numerical results
[1e}

Convergence w.r.t. N (# of DoF) and dependency on o = ¢ (scaling).

Without scaling
No Euler regions
0.4 L E J
0.3 L
. ® R
& & @® ®
0.2 1
0.1 4
% 0.0 ¢ B B SRR
_0'1 4
—0.2
®
B ® o=
—0.3 L ®
g B
B @y ﬁ
-0.4 T T — 1
0.0 0.5 1.0 1.5 2.0
R(k)
X N=7956 O N=66194 + N=217644

With scaling
04 N=25340
E e
0.3 weg ® %y 1
. ® ()
® B g ®
0.2 1
0.1+
% 0.0 # FOEH ] )
_0'1_
-0.2 1
03 ® e ® % =
—0.57 &
e ® ® mg 1
-0.4 T T — i
0.0 0.5 1.0 1.5 2.0
R(k)
X arg(a)=0° O arg(a)=18° +

arg(a)=60°

» Both weak formulations yield the same convergent spectrum.
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Numerical results

oce

Case A: discrete spectrumin H*(D)

42_k_1.5810+00-2.7526-17)_ur

1
o
40_k_1.4956+00+2.4536-01_ur

% 4

(b) Case A, k ~1.49 + 0.24:.

o s A 4 T2 To

Fig. Eigenfunctions R(us) computed with a =1 (N = 78968).

» No oscillations in the scaling region.
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Numerical results
®00

Case B: discrete spectrumin X, (D)

Convergence w.r.t. N (# of DoF).

Without scaling With scaling arg(a)) = 7/10
No Euler regions
0.4
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wm BRE® ¥
-0.3 1 x & 6% & Eg%
—0.4 ; . .
00 05 10 15 20
R(k)
X N=7956 O N=66194 + N=217644
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Numerical results
®00

Case B: discrete spectrumin X, (D)

Convergence w.r.t. N (# of DoF).

Without scaling With scaling arg(a)) = 7/10
No Euler regions arg(a)=18.0°
0.4 04 T %
0.3 14X | = )
% QQﬁEwa 1 0.3 - ﬁ“sqg%u
0215 R R 0721 Iy T
R : B g @ R ;2@5 Bg
0.11 014 & 2
Z 0.0 @0 1 MBS S g 004 Bl mmE i csmmhe
—0.17 -0.1
&
0245 £ » Ry gQ ) -0.2 1 B g om ®
®
® Bw R g
034 & Ba® By ~0.31 ¥ B w By
-0.4 T T T 04 I ! | |
0.0 0.5 1.0 1.5 2.0 0.0 0.5 1.0 15 2.0
R(k) R(k)
X N=7956 O N=66194 + N=217644 X N=25340 O N=78968 + N=137156

» Complex scaling enables to compute convergent eigenvalues
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Numerical results
oeo

Case B: discrete spectrumin X, (D)

Superposition of eigenvalues with and without scaling:

le—4
0.4 % ° ® . 1.00
®
0.3 1 X ﬁ?é‘ & 0.75
>8 ) Byx X §
0.2 x g x> 0.50 A ®
[}
®lo © 7 o8 ®
014-® 0.25 ®
- ® -
% 0.0 ¢ X Xx xSRAREshas) % 0.00 X XX X BRSO SOENMER
0.1 —0.25
&
-0.2 4 5% 5w ~0.50
o ¥ gBBR
-0.3 1 REa o Bﬂ -0.75 1
X
-0.4 . . . ! -1.00 T T T
00 05 1.0 15 20 00 05 1.0 15 20
R(k) R(k)
X No Euler regions (N=17114) O arg(a)=9° (N=25340) + arg(a)=18° (N=25340)

» Transmission eigenvalues depends only upon of sign(arg(«))

» No real transmission eigenvalues 1820



Numerical results

ooe

Case B: discrete spectrumin X, (D)

Computed eigenfunctions $(uy) with scaling:

81.K1.9156400+2.169e-05_ur

Case B with o = ¢™/10, k ~1.95 +2.17- 1072 .
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Conclusion
°

Conclusion > appendix

Code at github.com/fmonteghetti/python-academic-projects

Takeaways

» When I — A changes sign on 0D, it can happen that ITEP has no
longer a discrete spectrum in H!(D) (loss of Fredholmess).

» Fredholmness can be restored in the alternative space X (D), with v a
free parameter. (Bonnet-Ben Dhia and Chesnel 2013)

» Corner complex scaling can be used to compute the discrete spectrum in
Xo(D). No real eigenvalues found so far.

Outlook
» Computation in X (D) for v # 0 and finite?

» Meaning of transmission eigenvalues in X, (D): Dependency on 77? Is
there a physical value of 4?7 Link with e.g. the linear sampling method?

» Case A= A(k)?
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Conclusion
°

Conclusion > appendix

Code at github.com/fmonteghetti/python-academic-projects

Takeaways

» When I — A changes sign on 0D, it can happen that ITEP has no
longer a discrete spectrum in H!(D) (loss of Fredholmess).

» Fredholmness can be restored in the alternative space X (D), with v a
free parameter. (Bonnet-Ben Dhia and Chesnel 2013)

» Corner complex scaling can be used to compute the discrete spectrum in
Xo(D). No real eigenvalues found so far.

Outlook
» Computation in X (D) for v # 0 and finite?

» Meaning of transmission eigenvalues in X, (D): Dependency on 77? Is
there a physical value of 4?7 Link with e.g. the linear sampling method?

» Case A= A(k)?

[ Thanks for your attention. ] 20/20
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