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Silicon

R=100nm

0 Pulse At ~10fs, A\g=380nm

o Pulse Energy
(fIH|f) =1 x 1073 J

o Pulse Momentum
(f|P,|f) =3.3x 1072 kgms~!

o Transferred to sphere:

0 9.15x 1079,
6.8 x 107 *kgms~!

7/21


http://dx.doi.org/10.1103/PhysRevResearch.7.013132
http://dx.doi.org/10.1103/PhysRevResearch.7.013132
http://dx.doi.org/10.1038/s41598-024-66443-w
http://dx.doi.org/10.1038/s41598-024-66443-w

Changes of physical quantities during light matter interaction
o Number of photons: (f|f) — (g|g) = (f|I — STS|f)
o Energy: (f[H|f) — (g|H|g) = (f|H — STHS|f), etc ...

Silicon
R=100nm

www.astronomy.com

0 Pulse At ~10fs, A\g=380nm

o Pulse Energy
<f|H|f> =1 X 10_3 J Relativistic speeds?

o Pulse Momentum
(f|P,|f) =3.3x 1072 kgms~!
o Transferred to sphere:

© 9.15x 107°J,
6.8 x 10~ kgms™?

7/21


http://dx.doi.org/10.1103/PhysRevResearch.7.013132
http://dx.doi.org/10.1103/PhysRevResearch.7.013132
http://dx.doi.org/10.1038/s41598-024-66443-w
http://dx.doi.org/10.1038/s41598-024-66443-w

Changes of physical quantities during light matter interaction
o Number of photons: (f|f) — (g|g) = (f|I — STS|f)
o Energy: (f[H|f) — (g|H|g) = (f|H — STHS|f), etc ...

J\/\/\/\/W www.astronomy.com

Relativistic speeds?

o Pulse At ~10fs, A\g=380nm 025

o Pulse Energy
(fIH|f) =1 x 1073 J gos

o Pulse Momentum
(f|P,|f) =3.3 x 1072 kgms~? "

o Transferred to sphere: o3 o o

—6
e 915 X 10 J' 2M. Vavilin, J. D. Mazo-Vasquez, and

68 X 10714 kg m Sil I. Fernandez-Corbaton, Phys. Rev. Res. 7, 013132
(2025), M. R. Whittam et al., Scientific Reports 14,
16812 (2024). 7/21


http://dx.doi.org/10.1103/PhysRevResearch.7.013132
http://dx.doi.org/10.1103/PhysRevResearch.7.013132
http://dx.doi.org/10.1038/s41598-024-66443-w
http://dx.doi.org/10.1038/s41598-024-66443-w

Changes of physical quantities during light matter interaction
o Number of photons: (f|f) — (g|g) = (f|I — STS|f)
o Energy: (f[H|f) — (g|H|g) = (f|H — STHS|f), etc ...

\/\W www.astronomy.com

Relativistic speeds?

Pulse At ~10fs, Ag=380nm x0

©

(+]

Pulse Energy
(fIH|f) =1 x 1073 J H

o Pulse Momentum £
(f|P,|f) =3.3 x 1072 kgms~!

0.00

Transferred to sphere: -0 0 0s

0 9.15 x 1079 J, . -
M. Vavilin, J. D. Mazo-Vésquez, and

68 X 10_14 kg m S_l |. Fernandez-Corbaton, Phys. Rev. Res. 7, 013132
(2025), M. R. Whittam et al., Scientific Reports 14,
16812 (2024)

©

7/21


http://dx.doi.org/10.1103/PhysRevResearch.7.013132
http://dx.doi.org/10.1103/PhysRevResearch.7.013132
http://dx.doi.org/10.1038/s41598-024-66443-w
http://dx.doi.org/10.1038/s41598-024-66443-w

Changes of physical quantities during light matter interaction
o Number of photons: (f|f) — (g|g) = (f|I — STS|f)
o Energy: (f[H|f) — (g|H|g) = (f|H — STHS|f), etc ...

J\/\/\/\/W www.astronomy.com

Relativistic speeds?

o Pulse At ~10fs, A\g=380nm et chlorophyllb
o Pulse Energy ’
(fIH|f) =1 x 1073 o
g 2
o Pulse Momentum 5
(f|P,|f) =3.3x 1072 kgms~! 4

— B=09

o Transferred to sphere: S A

0 9.15 x 1079 J, M. Vavilin, J. D. Mazo-Visquez, and
6 8 X 10714 kg m Sfl |. Fernandez-Corbaton, Phys. Rev. Res. 7, 013132

(2025), M. R. Whittam et al., Scientific Reports 14,

16812 (2024). 72


http://dx.doi.org/10.1103/PhysRevResearch.7.013132
http://dx.doi.org/10.1103/PhysRevResearch.7.013132
http://dx.doi.org/10.1038/s41598-024-66443-w
http://dx.doi.org/10.1038/s41598-024-66443-w

Let us talk about quantum.

9. Freter, B. Zerulla, M. Krstic, C. Holzer, C. Rockstuhl, and I. Fernandez-Corbaton, Phys. Rev. A 110,
043516 (2024).

8/21


http://dx.doi.org/10.1103/PhysRevA.110.043516
http://dx.doi.org/10.1103/PhysRevA.110.043516

Let us talk about quantum. Hilbert space M formalism valid for

o Single photons (f|f) =1

9. Freter, B. Zerulla, M. Krstic, C. Holzer, C. Rockstuhl, and I. Fernandez-Corbaton, Phys. Rev. A 110,
043516 (2024).

8/21


http://dx.doi.org/10.1103/PhysRevA.110.043516
http://dx.doi.org/10.1103/PhysRevA.110.043516

Let us talk about quantum. Hilbert space M formalism valid for
o Single photons (f|f) =1
o Classical fields: N = (f|f)

9. Freter, B. Zerulla, M. Krstic, C. Holzer, C. Rockstuhl, and I. Fernandez-Corbaton, Phys. Rev. A 110,
043516 (2024).

8/21


http://dx.doi.org/10.1103/PhysRevA.110.043516
http://dx.doi.org/10.1103/PhysRevA.110.043516

Let us talk about quantum. Hilbert space M formalism valid for
o Single photons (f|f) =1

o Classical fields: N = (f|f)~ 10 in a femtosecond pulse

9. Freter, B. Zerulla, M. Krstic, C. Holzer, C. Rockstuhl, and I. Fernandez-Corbaton, Phys. Rev. A 110,
043516 (2024).

8/21


http://dx.doi.org/10.1103/PhysRevA.110.043516
http://dx.doi.org/10.1103/PhysRevA.110.043516

Let us talk about quantum. Hilbert space M formalism valid for
o Single photons (f|f) =1

o Classical fields: N = (f|f)~ 10 in a femtosecond pulse

R R N
o |f) = v/N|f). Normalized bosonic mode |f). As (a;ﬁ_) |0).

oL. Freter, B. Zerulla, M. Krstic, C. Holzer, C. Rockstuhl, and I. Fernandez-Corbaton, Phys. Rev. A 110,
043516 (2024).

8/21


http://dx.doi.org/10.1103/PhysRevA.110.043516
http://dx.doi.org/10.1103/PhysRevA.110.043516

Let us talk about quantum. Hilbert space M formalism valid for

o Single photons (f|f) =1
o Classical fields: N = (f|f)~ 10 in a femtosecond pulse
R R N
o |f) = V/N|f). Normalized bosonic mode |f). As (a;ﬁ_) |0).
o Two entangled photons?

oL. Freter, B. Zerulla, M. Krstic, C. Holzer, C. Rockstuhl, and I. Fernandez-Corbaton, Phys. Rev. A 110,
043516 (2024).

8/21


http://dx.doi.org/10.1103/PhysRevA.110.043516
http://dx.doi.org/10.1103/PhysRevA.110.043516

Let us talk about quantum. Hilbert space M formalism valid for

©

Single photons (f|f) =1

©

Classical fields: N = (f|f)as 1012 in a femtosecond pulse

©

. , , . N
|f) = V/N|f). Normalized bosonic mode |f). As (a;ﬁ_) |0).

©

Two entangled photons? Then it does not work

oL. Freter, B. Zerulla, M. Krstic, C. Holzer, C. Rockstuhl, and I. Fernandez-Corbaton, Phys. Rev. A 110,
043516 (2024).

8/21


http://dx.doi.org/10.1103/PhysRevA.110.043516
http://dx.doi.org/10.1103/PhysRevA.110.043516

Let us talk about quantum. Hilbert space M formalism valid for

©

Single photons (f|f) =1

©

Classical fields: N = (f|f)as 1012 in a femtosecond pulse

©

. , , . N
|f) = V/N|f). Normalized bosonic mode |f). As (a;ﬁ_) |0).

9

©

Two entangled photons? Then it does not work , however

oL. Freter, B. Zerulla, M. Krstic, C. Holzer, C. Rockstuhl, and I. Fernandez-Corbaton, Phys. Rev. A 110,
043516 (2024).

8/21


http://dx.doi.org/10.1103/PhysRevA.110.043516
http://dx.doi.org/10.1103/PhysRevA.110.043516

Let us talk about quantum. Hilbert space M formalism valid for
o Single photons (f|f) =1

o Classical fields: N = (f|f)a2 10'2 in a femtosecond pulse

R N N
o |f) = v/N|f). Normalized bosonic mode |f). As (a}) |0).

o Two entangled photons? Then it does not work , however® . ..

b

Lukas Freter

9. Freter, B. Zerulla, M. Krstic, C. Holzer, C. Rockstuhl, and I. Fernandez-Corbaton, Phys. Rev. A 110,
043516 (2024).

8/21


http://dx.doi.org/10.1103/PhysRevA.110.043516
http://dx.doi.org/10.1103/PhysRevA.110.043516

Let us talk about quantum. Hilbert space M formalism valid for
o Single photons (f|f) =1
o Classical fields: N = (f|f)a2 10'2 in a femtosecond pulse
R N N
o |f) = v/N|f). Normalized bosonic mode |f). As (a}) |0).

o Two entangled photons? Then it does not work , however® . ..

Qo M2EM®M

b

Lukas Freter

9. Freter, B. Zerulla, M. Krstic, C. Holzer, C. Rockstuhl, and I. Fernandez-Corbaton, Phys. Rev. A 110,
043516 (2024).

8/21


http://dx.doi.org/10.1103/PhysRevA.110.043516
http://dx.doi.org/10.1103/PhysRevA.110.043516

Let us talk about quantum. Hilbert space M formalism valid for
o Single photons (f|f) =1
o Classical fields: N = (f|f)a2 10'2 in a femtosecond pulse
R N N
o |f) = v/N|f). Normalized bosonic mode |f). As (a}) |0).

o Two entangled photons? Then it does not work , however® . ..

Qo M2 =MeM
o kA kA) = 75 (k) @ [kA)+[kA) @ [kA))

b

Lukas Freter

9. Freter, B. Zerulla, M. Krstic, C. Holzer, C. Rockstuhl, and I. Fernandez-Corbaton, Phys. Rev. A 110,
043516 (2024).

8/21


http://dx.doi.org/10.1103/PhysRevA.110.043516
http://dx.doi.org/10.1103/PhysRevA.110.043516

Let us talk about quantum. Hilbert space M formalism valid for
Single photons (f|f) =1

Classical fields: N = (f|f)as 1012 in a femtosecond pulse

©

©

©

. _ , . N
|f) = V/N|f). Normalized bosonic mode |f). As (a}_) |0).

Two entangled photons? Then it does not work , however® . ..

©

Qo M2 EM@M
o kA kA) = 75 (k) @ [kA)+[kA) @ [kA))

Q—Z/dk/—kakmm

g

Lukas Freter

9. Freter, B. Zerulla, M. Krstic, C. Holzer, C. Rockstuhl, and I. Fernandez-Corbaton, Phys. Rev. A 110,
043516 (2024).

8/21


http://dx.doi.org/10.1103/PhysRevA.110.043516
http://dx.doi.org/10.1103/PhysRevA.110.043516

Let us talk about quantum. Hilbert space M formalism valid for
Single photons (f|f) =1

Classical fields: N = (f|f)as 1012 in a femtosecond pulse

©

©

©

. , , . N
|f) = V/N|f). Normalized bosonic mode |f). As (a;ﬁ_) |0).

Two entangled photons? Then it does not work , however® . ..

©

Qo M2 EM@M
o kA kA) = 75 (k) @ [kA)+[kA) @ [kA))

Q—Z/dk/—kakmm

)

Lukas Freter

Pk [ Pk [k k) + ik k)] Teas(k, k) + gk, k)
<f|g> — - i AN A\ AN AN
e %/ k / k [ } {

V2 V2

9. Freter, B. Zerulla, M. Krstic, C. Holzer, C. Rockstuhl, and I. Fernandez-Corbaton, Phys. Rev. A 110,
043516 (2024).

8/21


http://dx.doi.org/10.1103/PhysRevA.110.043516
http://dx.doi.org/10.1103/PhysRevA.110.043516

&I’k [ &k S s
fa=3 [ 5 [ st
AX

9/21



&I’k [ &k S s
fa=3 [ 5 [ st
AX

Separable vs. entangled states

9/21



&I’k [ &k S s
fa=3 [ 5 [ st
AX

Separable vs. entangled states

Separable: f,5(k, k) = a)(k)bs (k)

9/21



&I’k [ &k S s
fa=3 [ 5 [ st
AX

Separable vs. entangled states

Separable: f,5(k,k) = a)(k)bs(k) | Entangled: f,5(k, k) # ax(k)bs (k)

9/21



&I’k [ &k S s
fa=3 [ 5 [ st
AX

Separable vs. entangled states

Separable: f,5(k,k) = ax(k)bs(k) | Entangled: f,5(k, k) # ax(k)bs (k)

9 1f)2 lg)2 = S>|f)2

9/21



&I’k [ &k S s
fa=3 [ 5 [ st
AX

Separable vs. entangled states

Separable: f,5(k,k) = a)(k)bs(k) | Entangled: f,5(k, k) # ax(k)bs (k)

7 1f)2 lg)2 = S>|f)2

gjm)\frﬁ/_\(k7 E) = Z / dq q/ d(_] (_7 S{,TU)\/:l;ZA(kv l;v q, C_i)flnol_ﬁﬁ(q7 C_I)

IncTaz

9/21



So =S®S+ N

10/21



So =S®S+ N

o Separable response S ® S

o Response to one part of the state independent of the other part

10/21



©

©

So =S®S+ N

Separable response S ® S
Response to one part of the state independent of the other part
Non-separable N: N, \5,5 (k. k, a,@) # Ayx(k, k) Bs5(q, @)

Response to one part of the state depends on the other part

10/21



©

©

©

So =S®S+ N

Separable response S ® S

Response to one part of the state independent of the other part
Non-separable N: N, \5,5 (k. k, a,@) # Ayx(k, k) Bs5(q, @)
Response to one part of the state depends on the other part

E.g: Second harmonic generation, and other non-linear effects

10/21



©

©

©

©

So =S®S+ N

Separable response S ® S

Response to one part of the state independent of the other part
Non-separable N: N, \5,5 (k. k, a,@) # Ayx(k, k) Bs5(q, @)
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E.g: Second harmonic generation, and other non-linear effects

High intensity typically needed to observe Ny effects
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For low intensities, such as a source of entangled biphoton states

So=S®S+N,=~S®S

Then, this leads to the definition of T, as:

52:S@S:(I+T)®(I+T):I®I+T®I+I®T+T®T
T2

Sanity checks

If S is unitary = S, is unitary

One obtains the Hong-Ou-Mandel effect
o Thanks Gabriel! (Molina-Terriza)

11/21



10p, Beutel, I. Fernandez-Corbaton, and C. Rockstuhl, Computer Physics Communications 297, 109076 (2024).
11N, Asadova et al., Journal of Quantitative Spectroscopy and Radiative Transfer 333, 109310 (2025). 12/21


http://dx.doi.org/https://doi.org/10.1016/j.cpc.2023.109076
http://dx.doi.org/https://doi.org/10.1016/j.jqsrt.2024.109310

10p, Beutel, I. Fernandez-Corbaton, and C. Rockstuhl, Computer Physics Communications 297, 109076 (2024).
11N, Asadova et al., Journal of Quantitative Spectroscopy and Radiative Transfer 333, 109310 (2025). 12/21


http://dx.doi.org/https://doi.org/10.1016/j.cpc.2023.109076
http://dx.doi.org/https://doi.org/10.1016/j.jqsrt.2024.109310

10p, Beutel, I. Fernandez-Corbaton, and C. Rockstuhl, Computer Physics Communications 297, 109076 (2024).
11N, Asadova et al., Journal of Quantitative Spectroscopy and Radiative Transfer 333, 109310 (2025). 12/21


http://dx.doi.org/https://doi.org/10.1016/j.cpc.2023.109076
http://dx.doi.org/https://doi.org/10.1016/j.jqsrt.2024.109310

10p, Beutel, I. Fernandez-Corbaton, and C. Rockstuhl, Computer Physics Communications 297, 109076 (2024).
11N, Asadova et al., Journal of Quantitative Spectroscopy and Radiative Transfer 333, 109310 (2025). 12/21


http://dx.doi.org/https://doi.org/10.1016/j.cpc.2023.109076
http://dx.doi.org/https://doi.org/10.1016/j.jqsrt.2024.109310

When S, S ® S is a good approximation

(*]

Knowledge of T in M is sufficient to obtain Sp = (I+T)® (I+ T)

(]

Interaction of entangled biphoton states with nanostructures

o Study entanglement evolution

o

Lorentz boosts for M, readily obtained from those for M

(]

Satellite quantum communication with entangled biphoton pulses

10p, Beutel, I. Fernandez-Corbaton, and C. Rockstuhl, Computer Physics Communications 297, 109076 (2024).
N, Asadova et al., Journal of Quantitative Spectroscopy and Radiative Transfer 333, 109310 (2025). 12/21


http://dx.doi.org/https://doi.org/10.1016/j.cpc.2023.109076
http://dx.doi.org/https://doi.org/10.1016/j.jqsrt.2024.109310

When S, ~ S ® S is a good approximation

(*]

Knowledge of T in M is sufficient to obtain Sp = (I+T)® (I+ T)

(]

Interaction of entangled biphoton states with nanostructures
o Study entanglement evolution
O Lorentz boosts for M, readily obtained from those for M
o Satellite quantum communication with entangled biphoton pulses

@ Obtain the T-matrix of your system. Check software repositories.

10p, Beutel, I. Fernandez-Corbaton, and C. Rockstuhl, Computer Physics Communications 297, 109076 (2024).
N, Asadova et al., Journal of Quantitative Spectroscopy and Radiative Transfer 333, 109310 (2025). 12/21


http://dx.doi.org/https://doi.org/10.1016/j.cpc.2023.109076
http://dx.doi.org/https://doi.org/10.1016/j.jqsrt.2024.109310

When S; =~ S® S is a good approximation

(*]

Knowledge of T in M is sufficient to obtain So = (I+ T)® (I+ T)

(]

Interaction of entangled biphoton states with nanostructures
o Study entanglement evolution
O Lorentz boosts for M, readily obtained from those for M
o Satellite quantum communication with entangled biphoton pulses
@ Obtain the T-matrix of your system. Check software repositories.

@ Specify your (entangled) illumination |f), = f;\ ==5(k, k)

10D, Beutel, I. Fernandez-Corbaton, and C. Rockstuhl, Computer Physics Communications 297, 109076 (2024).
N, Asadova et al., Journal of Quantitative Spectroscopy and Radiative Transfer 333, 109310 (2025). 12/21


http://dx.doi.org/https://doi.org/10.1016/j.cpc.2023.109076
http://dx.doi.org/https://doi.org/10.1016/j.jqsrt.2024.109310

When S; =~ S® S is a good approximation
o Knowledge of T in M is sufficient to obtain So = (I+T)® (I+T)
o Interaction of entangled biphoton states with nanostructures
o Study entanglement evolution
O Lorentz boosts for M, readily obtained from those for M
Satellite quantum communication with entangled biphoton pulses
Obtain the T-matrix of your system. Check software repositories.

Specify your (entangled) illumination |f), = f;\ ==5(k, k)

© © 6 o

Apply Sy |f),, and study light-matter interaction effects

10D, Beutel, I. Fernandez-Corbaton, and C. Rockstuhl, Computer Physics Communications 297, 109076 (2024).
N, Asadova et al., Journal of Quantitative Spectroscopy and Radiative Transfer 333, 109310 (2025). 12/21


http://dx.doi.org/https://doi.org/10.1016/j.cpc.2023.109076
http://dx.doi.org/https://doi.org/10.1016/j.jqsrt.2024.109310

© © 6 o

When S; =~ S® S is a good approximation

Knowledge of T in M is sufficient to obtain So = (I+ T)® (I+ T)
Interaction of entangled biphoton states with nanostructures

o Study entanglement evolution
Lorentz boosts for M readily obtained from those for M
Satellite quantum communication with entangled biphoton pulses
Obtain the T-matrix of your system. Check software repositories.
Specify your (entangled) illumination |f), = f;\ ==5(k, k)
Apply Sy |f),, and study light-matter interaction effects

treams T-matrix code!?: https://github.com/tfp-photonics/treams
o Native support for clusters of spheres

10D.
. Asadova et al., Journal of Quantitative Spectroscopy and Radiative Transfer 333, 109310 (2025).

Beutel, I. Fernandez-Corbaton, and C. Rockstuhl, Computer Physics Communications 297, 109076 (2024).

12/21


http://dx.doi.org/https://doi.org/10.1016/j.cpc.2023.109076
http://dx.doi.org/https://doi.org/10.1016/j.jqsrt.2024.109310

© © 6 o

Qo

When S; =~ S® S is a good approximation

Knowledge of T in M is sufficient to obtain So = (I+ T)® (I+ T)
Interaction of entangled biphoton states with nanostructures

o Study entanglement evolution
Lorentz boosts for M readily obtained from those for M
Satellite quantum communication with entangled biphoton pulses
Obtain the T-matrix of your system. Check software repositories.
Specify your (entangled) illumination |f), = f;\ ==5(k, k)

Apply Sy |f),, and study light-matter interaction effects

treams T-matrix code!?: https://github.com/tfp-photonics/treams
o Native support for clusters of spheres
T-matrix database!!: https://tmatrix.scc.kit.edu/

o Access through any github account.
o Pre-computed T-matrices. Number should grow with time.

10p.

Beutel, |. Fernandez-Corbaton, and C. Rockstuhl, Computer Physics Communications 297, 109076 (2024).
. Asadova et al., Journal of Quantitative Spectroscopy and Radiative Transfer 333, 109310 (2025).

12/21


http://dx.doi.org/https://doi.org/10.1016/j.cpc.2023.109076
http://dx.doi.org/https://doi.org/10.1016/j.jqsrt.2024.109310

© © 6 o

Qo

When S; =~ S® S is a good approximation

Knowledge of T in M is sufficient to obtain So = (I+ T)® (I+ T)
Interaction of entangled biphoton states with nanostructures

o Study entanglement evolution
Lorentz boosts for M readily obtained from those for M
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J
Apply Sy |f),, and study light-matter interaction effects

treams T-matrix code!?: https://github.com/tfp-photonics/treams
o Native support for clusters of spheres
T-matrix database!!: https://tmatrix.scc.kit.edu/

o Access through any github account.
o Pre-computed T-matrices. Number should grow with time.

Thank you for your time!
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For low intensities, such as a source of entangled biphoton states

So=S®S+N,~S®S

©

Then, this leads to the definition of T, as:

$5=5SS=I+T)I+T)=IQI+TRI+IRT+TRT
T

0 S, =11+ T®T can be found in literature!?

S, shown to be incorrect

©

o Assuming unitarity of S
o implies unitarity of Sy, but not of S,

One obtains the Hong-Ou-Mandel effect with S,, but not with §2
o Thanks Gabriel! (Molina-Terriza)

©

12). C. Schotland, A. Cazé, and T. B. Norris, Opt. Lett. 41, 444-447 (2016).
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Non-separable No: N, ,5,5(k, k,q,@) # Ayx(k.k)Bsz(a, @)

@ Response to one part of the state depends on the other part

©

o E.g: Second harmonic generation, and other non-linear effects
S : My, — M is linear S, (a‘f)2 + B|g>2) = aS\f)z + BS|g>2

Nonlinearities? Can e.g SHG fit ?

For simplicity, assume f;,,\=x (k, k) = aij(k)aJm;\(/?)
k

o gimma(k, k) is linear with respect to f; (k, k), but

JmAjmA
o nonlinear w.r.t the single photon ajm (k)
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Circular polarizations

SFG with C, symmetry
n Incident | Tr. Re.
1 +, - +,—
2 X X
I A I
>4 X X
1 +,—- 4+, =
2 X X
>3 - X X

b)
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Linear polarizations: TE(§) / TM(X)

a) 2 b)
P”’i SFG with XZ mirror symmetry
> as%» Incident Tr./ Re.
qpﬂ N % TE-TE ™
> | N, SFG | TM-TM ™
> ; ! TE-TM TE
Rhomboid b)
Incident Transmission (a.u.) Reflection (a.u.)
TE ™ TE ™

TE-TE || 9.11e-10 0.498 9.11e-10 0.498

TM-TM || 1.42e-09 1 1.42e-09 1

TE-TM 0.383 2.44e-09 0.383 2.44e-09
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b)

Circular polarizations

SFG with C, symmetry

n Incident | Tr. Re.
1 +,— +,—
2 X X
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Circular polarizations

a) b)
SFG with C, symmetry
n Incident | Tr. Re.
1 +, = 4, -
v 2 X X
<_1 3 ++ B N
’ >4 X X
1 +,— 4, -
2 X X
>3 - X
Rhomboid b)
Incident Transmission (a.u.) | Reflection (a.u.)
- - ¥ =
++ 0.160 0.254 0.254 | 0.160
+— 0.359 0.359 0.359 | 0.359
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Circular polarizations

SFG with C, symmetry

n Incident | Tr. Re.
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Circular polarizations

a) P> b)
Ps% SFG with C, symmetry
) T
<» > s»?‘ n | Incident | Tr. Re.
7 ‘ a ‘ 7 1 +, - +,—
‘p,i = 2+t o
, Y
' » f—lz 3 - +
>4 X X
1 +, - +.-
2 i X X
>3 X X
“Hexagonal” with C3 symmetry a)
Incident Transmission (a.u.) Reflection (a.u.)
+ = + =
++ 4.29e-06 | 0.139 0.139 | 4.29e-06
+— 3.67e-05 | 3.64e-05 | 3.64e-05 | 3.67e-05
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SHG and THG in mirror symmetric object
_IH+7l)

& TE/TM basis: |7) 7

® Transformation under M, : y — —y

Second harmonic generation
- |
ol

Lukas Freter — Defense Talk
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SHG in mirror symmetric scatterer

Karlsruhe Institute of Technology

SEM Linear Transmittance SHG
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«— T -
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{ —
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0.0 =
— 05 15 25
0.5um A (um)
Optics Express 15, 5238-5247 (2007)
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