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The aim of the present paper is the calculation of time dependent spectra
of resonance secondary emission (RSE). Energy and phase relaxations and
spectral resolution of the experimental apparatus are taken into account.
1. Introduction. In a previous paper f l ] expressions were given
describing the time evolution of the RSE spectrum of an impurity centre
in crystal by a short pulse of light. The results were illustrated by compu-
ter calculations [l>2 ]. But only one single kind of the relaxation processes
was taken into account the relaxation of the vibrational energy.
It means that the results are valid when the processes disturbing the phase
memory are absent. For impurity centres it is the case at sufficiently low
temperatures of the crystal.

Here we take into account the processes leading to phase (transverse)
relaxation without energy loss. The relaxation processes with vibrational
energy loss we characterize by the longitudinal relaxation time x

{]
and

the transverse one by relaxation time x . The influence of the experi-
mental apparatus is characterized by its spectral resolution r\ and taken
into account as well.

Two kinds of relaxation are particularly important for the classification
of the RSE into resonant scattering (RS), ordinary luminescence and hot
luminescence (HE); the x

±
being the crucial parameter for distinguishing

between RS and HE [3 ].
The centre is supposed to have two electronic states and one local

vibration, described in Born—Oppenheimer adiabatic approximation by
two potential curves, having different equilibrium positions and vibration-
al frequencies co t and (o 2- The local vibration interacts with the thermal
bath (lattice phonons) and is involved in energy (x y ) and phase (x

±
)

relaxation processes.
2. The Recorded RSE Spectra. Let Q be the RSE frequency. The
recorded spectrum of the RSE is calculated by the formula [4 ]
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where 5 {tu tz ) 0 —k)—A | tx ||— A| t2 \ ] is the correlation func-
tion of the excitation field (A the half-width of the exciting pulse
(A<Cwi, w 2), wo the frequency at the spectral maximum of the excitation
pulse); C(/b / 2 ) =exp[—q|F| — q 112 1 ] is the recording correlation func-
tion; the correlation function of impurity centre а(р,т, t') is taken from
[3 ] and multiplied by the term which describes phase relaxation [ s]:

Let M be the quantum number of the vibrational level of the excited
electronic state into which the centre iis excited; L 2 and L t the numbers
of the initial and final vibrational states of the radiational vibronic
transition.

The recorded spectrum can be presented as a sum, each member of
which gives the intensity of a spectral line corresponding to a transition
between two fixed vibronic levels:

Here |(O|M)| 2 and |(L 2 |Li)| 2 are the Franck —Condon factors for absorp-
tion 0 —>• M and emission L2 -^Li,

exp[—Г
±

|p| Г
±

Ijx+t' —т] Г
± т— , [р+т/Ц-Г 1

|р —т|],
(Г

±
=(1/2т х )-‘).

oo м
I{Q,t) = 2 (2)

Li—o L2—o
where (at 0)
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Г 6 CA2LI (Q) Cif' (fi) 1l < 3 >

aL 2L,(Q) —i\QL2Li —

— Г
± +ri,

a^ 1(£2) = i (Айм-ь,-)--^) — Г
|| Li A-j-T],

aL
3f (Q) =—2Гц (M —k) y+2t],

(4)
ajf> (Й) =i*-Г„M - y/2 -Г

± A+2ri,

a^>(Q)=—2A+2t).

The factors are different for L 2<M and L Z=M:

C\f (Q) =^3 [fA^L 2 L t —F u (Li+L2 ) y/2 ——2 AГ ±
—2A л]-1

- Ctf.(O)- C^.(Q)-C# (Q)- (Q) ;

Ог.ь,(£2)=o;

(Q) = (_Л г+Л, -Л 4 - А*) [/Дйм,+Г
(

(2 (Л-f - ft) —L, - i 2) +

'-t-v/2 —r x —T)] -1:
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С^'(й) —/1* *) — Г, {Lt+L —М)+Д — i|] *;

C^.(£ž)=4 4 [i(AQi!i.,-fx)-r i| .(L l;+L2 -M)-l-A-n]->;
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£>,.£. (Q) =—л3 [гдй!. 11, 1 -r, (U+U) - y/2 - 1\ -2Д - n]-‘;

C"b,(Q) = [CLf.(O)]C«J-.(Q) = [CV,(Q) Il.=m;
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±
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.

The factors Л ( depend only on the absorption conditions:
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Here AQL2Li = Q2i+oai£i — co2b 2; x=o,2i where Й2l is
the pure electronic energy; у the radiation width of the excited
electronic state. As in f 3 the relaxation time of the energy of the n-ih
vibrational level

n
is supposed to be x.,

n
= {2 /гГц) -1

, where Гц is the
energy relaxation half-width of the level n= 1.

3. Discussion.
1. If we put Г ] —0 and r) =O, the equations (1) —(6) turn into

the corresponding equations of [*].

2. As it was to be expected, the general properties of the time
behaviour of the RSE given by the equations above are in good accord-
ance with the results obtained for the one relaxation time case in [ l2].

3. The most reasonable way to explain and discuss the results (1)
(6) is to display them via computer calculations. Only slight elaborations
of the computer programs used in [ J - 2] are needed. Calculations are in
progress.
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