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A Appendix
This appendix is taken from the supplementary information of [120]. The merit
of this work must be primarily attributed to Prof. P. Kužel. We represent it in
this thesis under the author’s permission for the sake of completeness.

In this appendix we derive a general expression for the transient reflectance
under normal incidence of a photoexcited sample in a weak signal approxima-
tion, i.e. ∆E � E, where E is the field which propagates in the sample in
equilibrium and ∆E is the field change due to photoexcitation. Similar deriva-
tion for the transient transmitted field has been published recently [130] and
in this work we follow the same method of analysis. The photoinduced field
∆E(z) inside the sample (Fig. A.1) obeys the following wave equation:

d2∆E(z)
dz2 + k2∆E = −ik0Z0∆j(z) (A.1)

where Z0 is the vacuum wave impedance, k0 = ω/c is the vacuum wave vector
of the THz field, k = n0k0, and z is the spatial coordinate perpendicular to the
sample surface (Fig. A.1).
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Figure A.1. Scheme of fields and interactions in a photoexcited sample during tran-
sient transmittance ∆Et and transient reflectance ∆Er measurements. In equilibrium,
the incident THz field Einc and the transmitted Et and reflected Er fields, Et and Er,
respectively, fulfill standard Fresnel equations.
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72 Appendix Appendix A

The complex photoconductivity ∆σ(z) may have a general depth profile: it
can simply follow the Lambert-Beer absorption law expressed by Eq. (3.8) or it
can be substantially modified e.g. by non-percolated parts of the sample or by
the carrier diffusion [130]. The solution of the wave equation (Eq. (A.1)) inside
the sample reads:

∆E(z) = δ exp(−ikz) + γ exp(ikz) +G(z), (A.2)

where G(z) is the particular solution of the wave equation with the right-hand-
side:

G(z) = Z0

2n0

[
exp(−ikz)

∫ z

0
∆j exp(ikz)dz−

exp(ikz)
∫ z

0
∆j exp(−ikz)dz

]
.

(A.3)

The continuity conditions of the electric field ∆E(z) and of the magnetic field

∆H(z) = ic

ωZ0

d∆E
dz

(A.4)

must be satisfied at the input and output surface of the sample:

∆E(0) = ∆Er, ∆H(0) = ∆Hr,

∆E(L) = ∆Et, ∆H(L) = ∆Ht.
(A.5)

These four equations allow one to determine the constants δ and γ and the
transient output fields ∆Er and ∆Et. One finds:

∆Er =− Z0t
2
1a

2

2n1

[∫ L

0
exp(2ikz)∆σ(z)dz+

+ 2r2 exp(2ikL)
∫ L

0
∆σ(z)dz+

+ (r2 exp(2ikL))2
∫ L

0
exp(−2ikz)∆σ(z)dz

]
,

(A.6)

cf. Eq. (42) in [130]. Here t1 = 2n1/(n0 + n1) is the transmission coefficient of
the input sample surface and r2 = (n0 − n2)/(n0 + n2) is the internal reflection
coefficient at the output sample surface. The parameter a describes multiple
internal reflections of the THz beam inside the sample:

a = [1− r1r2 exp(2ikL)]−1
, (A.7)

where r1 = (n0 − n1)/(n0 + n1). In particular, for a thick sample, where the
photoexcited part is much thinner that the total sample thickness and where
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Appendix A Appendix 73

multiple internal reflections in the time-domain wave form can be removed by
the windowing procedure, we can simply consider the unexcited part of the
sample as the substrate, i.e. n0 ≡ n2 and r2 = 0, a = 1. In this case we obtain
a very simple formula which will be used in the main part of Sec. 3.4:

∆r
r0
≡ ∆Er

Er
= 2Z0n1

n2
0 − n2

1

∫ L

0
exp(2ikz)∆σ(z)dz. (A.8)


