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We propose a new spectroscopical method for the investigation of ultrafast phenomena 
in metallic and high-Te superconductors by using tunable laser beams, without requiring 
femtosecond laser pulses. The method is based on the self-diffraction of a laser beam 
from a laser-induced moving grating. The theory of the method has been developed in 
detail for the case of electron-phonon (EP) interaction. Our theoretical predictions 
are in good agreement with a recent experiment. Using experimental data we estimated the 
value of the EP coupling constant for the YBa2Cu307 film. 

1. INTRODUCTION 

Recently we have proposed [1] a new 
method for optical investigation of metals 
and superconductors with ultrafast time 
resolution by operating in the frequency 
domain using tunable lasers. The method is 
based on laser-induced moving gratings and 
does not require femtoseeond laser pulses 
(complex systems and expensive). 

The optical scheme describing the 
principles of the method is shown in 
figure 1. Two laser beams with different 
frequencies role-to 2 (col=const, to2=var) and 

wave vectors k I and k 2 produce a nonsta- 

tionary intensity distribution in the 
medium under investigation. This intensity 
exhibits a wavelike modulation with a 
grating vector q = kt-k 2 and a frequency 

= Ol-tO 2. The wavelike modulated light 

intensity changes the optical properties 
of the material in the interference region 
resulting in a moving grating structure. 

If this wavelike modulation is slow in 
comparison to the relaxation time, 't of 
the optical properties of the material 
(x<<~'l), they follow the intensity change 

~ ~  K3"2K - q,x,-~ -...~- x2 

Figure 1. The scheme describing the 
principles of the method. 

and the grating amplitude does not 
decrease. If D2x -l, the optical properties 
of the material do not follow the intensi- 
ty modulation, and the grating structure 
becomes less contrast, and therefore the 
grating amplitude decreases. The grating 
effectiveness measured by the self- 
diffraction of waves to I falls down for 

this case. In the moving grating method 
the relaxation velocity of the material 
optical properties is compared with the 
motion velocity of the grating (which is 
proportional to the frequency detuning). 

The theory of the method has been 
developed in detail [1,2] for the case of 
the investigation of electron-phonon (EP) 
interaction. It was based on the assump- 
tion that the relaxation within both the 
electron and the phonon subsystems was 
much faster than the rate of an energy 
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exchange between them. 
Simultaneously with our theoretical 

work [1] an experimental work [3] has been 
published, devoted to the non-linear 
spectroscopy of YBCO and Ni thin films by 
biharmonic pumping technique. Thanks to 
this experimental study, a unique possibi- 
lity appeared to compare the theoretical 
predictions [1] with experimental data. 

Below we shall describe the theoretical 
basis of the method for the investigation 
of EP interaction in metals and supercon- 
ductors, and compare our theoretical 
predictions with the experimental data of 
Ref. [3]. Then we shall briefly discuss 
the possibility of using the method for 
the study of other relaxation mechanisms. 

2. THEORY OF THE METHOD FOR 
STUDY OF EP INTERACTION 

EP interaction plays a main role in 
metallic [4] and possibly an important 
role in high-Tc superconductors [5]. 
Therefore, measurements of EP interaction 
in superconductors are very important. In 
particular, such measurements can provide 
information about the contribution of EP 
interaction to the high-To superconducti- 
vity. 

The topic of EP interaction is closely 
related to the thermal relaxation of hot 
electrons (or other carriers). ~dlen [6] 
related the relaxation rate x e of the 

electron temperature Te (by energy 
exchange between elec~ons and the 
lattice) to the factor ~, <0  >, which is of 
great interest in the theory of the 
superconducting transition temperature Tc: 

Xe-I = 3h~, <O2>/(r&RT) (1) 

Here <032> is the second moment of the 
phonon spectrum, g is the EP coupling 
constant. Thus, measuring, the thermal 
relaxation of hot earners provides 
information about EP interaction. 

The equations for the temperature 
distribution in a thin film can be 
written in the form [1-2,7-8] 

aTe/at = _ %-le (Te'Ti) + f(r't)/Ce (2) 

0Te/at = xil(Te.Ti) . X-lesc (Ti'Tin) (3) 

where x i = %eCi / C e is the relaxation time 

of the lattice temperature T i, Ce= ~(1" e and 

C i are the electronic and the lattice 

specific heats, correspondingly, Xes c is 

the time it takes for phonons to escape 
into the substrate, T. is the initial 

III 

temperature, f0r,t) is the heat production 
per unit volume per unit time by the light 
waves o k  I and o2k z, 

f(r,t) = Fo+[F 1 exp(-i(f~t-qr))+c.c.], 

F O = X(JI+J2), IF I = X(JIJ2 )1/2 

Z = ho2kb(1-R)exp(-2bkor), 

R is the reflectivity, Ji is the power 

density of the incident waves on the 
surface (in terms of [phot/cm s]), k - 

kol= ~i/c = o2/c, O - 01 --- 0 2, 2kb is the 

absorption coefficient. 
It can be shown [1,2] that the square 

of the modulus of the factor 

I(f~)=[l+i(l+ri/re)/(f~xi)](x'l-if~)l (4) 

describes the dependence of the power of 
the signal (with the wave vector k3=2kl-k 2 

and the frequency 0)3= 2 0 f  0)2) on the 

frequency detuning ~ for [f~] >> x ' l .  Here 
e $ c  

r,~ = 08/0Te~, 8 is the permittivity, 
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3fl "T" ~+--'~'~,< 2> x-'--~e1(Tco)+x[ I- k-~e( eo ~';i ) to , (5) 

Xe(Teo ) = ~/TeoXi/C i is the new value of 
the electronic temperature relaxation time 
and is a function of the heat production | 

Teo=Tin+Fo ( x i + Xes c )/ C i (6) 

In the case of weak heating of the 
electronic system the method permits the 
determination 2 of the EP interaction 
parameter ~,<to > without the knowledge of 
both the electron temperature T e and (for 

Xe<< ~)  the electron and lattice specific 

heats, C e = ~/T e and C i, respectively. In 

the regime of strong heating of the 
electron system the proposed method 
permits direct observation and measurement 
of the dependence of the thermal electron 
relaxation on the heat production by the 
external radiation. 

It is obvious that in order to 
obtain sufficiently large signal power J3 

and to prevent film overheating it is 
necessary to use a long pump pulse (with 
pulse duratiOntp> '0. Therefore, in an 

experiment it is convenient to record the 
o o  

energy of the signal k3to 3 E3~ J" dt J3(t). 
. O O  

We have shown in [1] that for 

sufficiently long pulses the dependence of 
Ea(f~ ) is similar to that of J3(f~). 

i If one uses a pump pulse with a pulse 
duration t < ~ it is necessary to 

p •so' 

substitute in Eq. (5) t < t for "c 
p •so 

for the estimation of T during the 
e o  

pulse action. 

i0 o 
! i ! i | i t *  I • • ! i i i • .  i 

Q I 

veco( 

l O . t  

i 0 - ~  . . . . . . . .  I . . . . . .  , . l  
O-m tO o I0 i 

14"~, I /2 .n 'C.  c m  - t  

Figure 2. The dependence of the signal 
energy E 3 on the frequency detuning 

~ sing thq ~heoretical dependence 
1- i£~1" ,  dots -experiment data [3]. 

3. COMPARISON WITH EXPERIMENT 

We shall compare our theoretical 
predictions with the experimental data 
[3], where the scheme shown in figure 1 
was used. The experi.n]ental data for YBCO 
in the range ~ 10 cm and the correspon- 
ding theoretical dependence of [I (~)]2  
(Eq.(4)) are shown in Fig.2. The agreement 
between the theory and the experiment is 
good. The theoretical curve shown in Fig.2 
has been calculated only with one fitting 
parameter 'C ~ that corresponds to the 
condition I(1 + ri/re)/(f i)l ,< 1. It can 

be shown that a second fitting parameter 
only weakly influences the curve fitting 
and the magnitude of ~ l 

We have estimated the electron tempera- 
ture in the experiment [3] as Teo- 10 K. 

The magnitude of the /itting parameter 
• ffl/(2rcc) is equal to 3 cm" for the YBCO 
film at T.--300 K. Using this value and 

m 

formula (5), we can estimate the EP 
coupling constant Z. We obtain Z~0.1, 
where we used a Debye temperature 0 D - 
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350K [9] and ~/Ci=6.10 "4 IC'[10] for YBCO, 

and the formula < ¢02> = ks20v?(2h). 

4. DISCUSSION 

The estimated value ~.--0.1 is smaller 
than the literature data g = 0.9 for YBCO 
[8]. For a better estimation of ~. from the 
optical measurements the exact magnitudes 
of both the reflectivity R (which 
determines the absorbed energy) and the 
pulse shape should be known. 

Another possible factor which affects 
the accuracy of the determination of 3,, is 
the deviation from the two-temperature 
model. Recently, the nonthermal 
distribution of electrons in noble metals 
was observed in pump-probe subpicosecond 
laser experiments [11,12]. Therefore, it 
is very interesting to generalize the 
theory of the laser-induced grating 
spectroscopy and to take into account the 
carner-camer relaxation effects. It 
will extend the possibilities of the 
method, and permit to determine not only 
the EP coupling constant but also the 
carrier-carrier relaxation parameters. 
The corresponding investigation is in 
progress. 

In conclusion we proposed a new method 
for the investigation of ultrafast 
phenomena in metals and superconductors. 
The method is based on laser-induced 
moving gratings and does not demand 
ultrashort laser pulses. The theory of the 
method has been developed for the case of 
studying EP interaction. Our theoretical 
predictions conform with the experiment. 
We have estimated the value of the EP 
coupling constant for YBCO film using the 
experimental data of Ref. [3]. Thus, the 
method is real and it works. 
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