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I. COHERENT SCATTERING CROSS SECTIONS ON THE MIXED 
PLASMON-PHONON MODES 

In the previous work/I/ the influence of the parametric 
wave excitation_phenomenon on the process of neutron inelas
tic scattering on quasiparticles in solids was investigated, 
and analytical expressions for the cross sections have been 
obtained for the cases of parallel and perpe~dicular polari
zations of the driving laser electric field Eo(t) with res
pect to the propagation direction k of the modes considered. 
The main effect revealed by these formulae is an anomalously 
large increase of the scattering cross sections when ap
proaching the borderline of the parametric instability regi
ons. To analyse this effect quantitatively, what is the purpo
se of this paper, we shall take into consideration the case 
of coherent neutron inelastic scattering on the longitudinal 
rlasmon-phonon modes in the system which takes place in the 
l ilf~!p ,geometry. In this geometry, as i~ well known (see 
ref.- 2.', for example), we have one of the most simple examples 
of coupling between eigenwaves of the electron-phonon system 
caused by high-intensity electromagnetic radiation fields. 
So far, for further calculations we rewrite here the explicit 
expression for the coherent scattering cross section: 

d 2a N p.. -~ ... 2 -I 2 
(------"-) ~-------~ 1 <l>(k.k'.j)! '"k'.<Qk'.(w)', 

dw dil C'nh. 8rr2 p J · J .I 
(I. I) 

where 
• 
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Here, N is the number of unit cells in the crystal, as is 
the microscopic nuclear scatterin& cross section for coherent ... ... ..... ...... 
processes, q~ k-2"K, _.. where k = P .. _p is the momentum transfer 
vector with P and P' the momentum of a neutron in the initial 
and final states, respectively, so that the corresponding 
energy transfer isw= P'2/2mN-P 2/2mN ( mN is the neutron 
mass and the system of units with ~=I is used throughout 
this paper), ~ is the reciprocal lattice wave vector; and 
R~, the position vector of the atom s (with the mass Ms) 



in each unit cell, ~qjs is the polarization vector of the 
mode j with the fixed wave number q. The phonon correlation 
function < Q;j (w) > that contains the effect of the external 
laser field 1s of the form (as we consider certain fixed 
modes of the crystal, the index j can be omitted): 

2 ·+ -+ < Q q(w)> ~ e ( q,w,A) I iF (q,w,T,A) X 

IB(w +w 1) +8(w+w 2 ) +8(w-<u 1 )+8(w--w 2 ) I. 
(2. I) 

where the main notation is as follows: 
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Imfiq (lwl) Imfiq("' 0 -[wl) 

with J 1 (A) -+t.Q-e Bessel function of the first kind of the argu
ment A= e ( q Eo ) /mwJ ( m is the electron effective mass and 
w0 is the laser field frequency). We also mention here that 
te (~w·) is the longitudinal dielectric function of the in
teracting electron-phonon system in the presence of the ex
ternal electromagnetic radiation field; P q (w). D q(CiJ) are 
the electronic polarizability and phonon propagator, respec
tively; w 1 , w 2are the frequencies of the two coupled longi
tudinal modes of the electron-phonon system and CiJLO•wp the 
longitudinal optical;honon and the plasmon frequencies, 
respectively; ¢q ==4rre Jq 2 and vq is the electron-phonon 
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coupling coefficient (for more detailed explanations and 
expressions see ref./I; ). 

Now, to have a more simple and appropriate formula for 

numerical estimations, we use some relations obtained in the 
theory of parametric wave excitation (see ref _/2/ ) . Thus, 
in the collisionless approximation, using the fact that w 1 
rv2 are the roots of the equation (p Cii,w ) = 0, we can express 

Ilq(u>) in the form: 

(w2-w¥) (w"-"1) 
n (w) = ---------2---------

q 2wLo ((IJ -w~) 

The imaginary part of II q (ca) in this case is due to some growth 
rate, y, arising under the action of the external laser field 
(the shifts in frequencies are negligible) and can be writ-
ten as 2 2 

- uJi (coi-r.Jj) 
= y ---- --,---y-

(1) LO (c,J i -c!) p) 

where i, j =I , 2; i =I j . 

In the considered two-mode approximation the frequency 
parametric resonant condition reads 

ro = (,) i (do - 'ca, ul 

and then one has 

Imii,1(~cui:) ( 3. I) 

(! ( (t) i ) 

---a--< ~:o-.:,;~1) 
2 2 

(crJi-uJP)(rol+;uj )(w2 +-ro.) 
--- ---------------- ------L---

2 2 
(ru j -r,Jp)(uJJ+ru i) ( w2 +w i) 

(3.2) 

Furthermore, the parametric excitation analysis shows that 
the equality 

1-! 2 (q·,,,,A)=0 (4) 

is nothing but the equation for determining either the growth 
rate y as a function of the external electric field intensi
ty Eo or the threshold field E oth if the growth rate y is 

• '!. 
set to be equal to the average damp~ng ( n r 2 ) '1 of the 
modes considered. Thus, one can write down simply 

2 Eo 2 
I = ( ·--- ) (5) 

Eoth 
Using (3.1), (3.2) and (5) one has for the function O(q,w,A): 
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for an arbitrary choice of i.j =I ,2; i .f. j. 
As a result of these simplifications, we have the follow

ing expression for the phonon correlation function: 
2 2 

wL0 (w -w·;J 
< Q!(w) > = 2" [ ----( -2---2 --: F (q,w, T,l 

2
) x 

cu wl - w2) 

where 

F(q,w,T,I 2 )=]1-I 4 [-1x 

I (ew/T -l)-l-I2(e (w-v.>0 sgnw)/T -!)-![, 2 Eo 2 
I ~(---) 

Eoth 

(7. I) 

(7. 2) 

This formula is already suitable for carrying out the nume
rical calculations for concrete systems what will be done 
in the next section. 

2. RESULTS OF NUMERICAL ESTIMATIONS 
FOR InSb-CRYSTALS 

For numerical calculations of the coherent inelastic scat
tering cross sections on the plasmon-phonon mixed modes in 
the parametric resonance conditions we choose the crystals 
of InSb.Although the values of microscopic nuclear scattering 
cross sections are not very large ( o-·=1 ,91 barns for In and 
cr =3,94 barns forSb/3/ ), InSb is an optically sensitive 
semiconductor that is well investigated in the aspect of 
parametric interactions. The threshold field Eoili for para
metric excitation of longitudinal coupled waves has been 

12 4 /· evaluated by several authors (see refs.' • 1 , for example) and 
is of an order of 

E 0 th~10 3 +104 V.cm- 1 , (8) 

what is certainly undangerous for the solid and is available 
by current lasers. All these circumstances make it convenient 
to choose this semiconductor for our illustrative estimations. 
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We have performed the calculations of the coherent neutron 
inelastic scattering cross sections on the plasmon-like mode 
with the frequency w 1 =5·10 13 sec -I and on the longitudinal 
optical phonon-like mode with the frequency w 2 =0,25·I0 13 sec- 1 
as functions of the laser field parameter 12, (Eo/E

0
th)2 

(see eq. (5)) for a sample of InSb - crystal at temperature 
T =77 K. The calculations have been carried out for both 
cases: with creation and annihilation of corresponding quasi
particles. For simplicity we have chosen the case of scat
tering along the high-simmetr¥ direc;.tions ( [100], [110], [111] .in 
cubic crystals) when Qne has k !! K~1: K (see ref/5/). Note 
that external field Eo(t) is parallel to k. 

Here below we present the results for the two modes 
separately. 

A. The differential scattering cross sections (per one 
molecule of the crystal) on the high frequency plasmon like 
mode cut as functions of T2 (Eo) is presented in Fig. I. The 
curve 1 represents the scattering process with annihilation 
of a plasmon-like quasiparticle and corresponds to the energy 
of the incident neutron of an order of "0.12 eV (thermal 
neutrons). Calculations show that with the increase of the 

,, 
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intensity of the laser field 
the neutron scattering cross 
section increases from a 
value of an order of 

~· I ,s· 10 -s barns at zeroth 
field to a value of about 
2 ·10 - 2 barns at E0 •0, 9 E oth 
and of ·· 0, 12 barns at 
Eo•0,98E h' The curve 2 ot · 
corresponds to the case of 

Fig. I. Cross sections of 
coherent neutron inelastic 
scattering on the high-fre
quency plasmon-like mode (<J 1 
5· I 0 ra sec-1 in InSb as fun
ctions of the laser field pa
rameter I =(E 0/E 01h). 1 -- scat
tering with one-plasmon an
nihilation, 2 - scattering 
with one-plasmon creation. 
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scattering with creation of a plasmon. The incident neutron 
energy here : s -.. O, 15 eV, and the va] ue of the cross section 

-3 
increases from about ·· 1,7· 10 · barns at I =0 (Eo =0) to 
"~ 2·10-2 barns at I"" 0,9 and ---0,1 barns at I ""0,98. We 
see that the cross sections reach the values of almost the 
same order at high field intensities although their values at 
zeroth field differ from each other by about two orders of 
magnitude. This means that, for the frequency interval consi
dered (the plasmons), with the field intensity increasing 
the role of the field dependence factor becomes predominant 
in the cross sections. 

B. The results for the case of coheretlt neutron inelastic 
scattering on the low frequency longitudinal optical phonon
like mode (,) 2 are presented in Fig. 2. Again the curve 1 
represents the scattering process with one phonon annihila
tion; and the curve 2, the process with one phonon creation. 
The corresponding incident neutrrm energies are "'"10 -s eV 
(very cold neutrons) and ~ 1,6·10-3 eV (cold neutrons), 
respectively. In the first case (curve 1) the cross section 
value increases from ~~6,3 barns at I =0 to -22 barns at 
I "" 0, 9 and .. 10 2 barns at I "'" 0, 98. In the second case 
(curve 2) the corresponding increase in the cross section 
value is: ~ .. 5·10-2 barns at I =0 to -0,15 barns at I"" 0,9 
and "" 1 barn at I~ 0, 98. 
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Fig.2. Cross sections of 
coherent neutron inelastic 
scattering on the low
frequency longitudinal op
tical phon-like mode Ct>2 = 
0,25· 10 13sec- 1 in InSb as 
functions of the laser field 
parameter I = (E olE nth). I -

scattering with one-phonon 
annihilation, 2 - scatter
ing with one-phonon creation. 



3. CONCLUSION 

The analysis just performed for the chosen energies of 
incident neutrons (thermal for scattering on plasmons and 
cold or very cold for scattering on longitudinal optical 
phonons) - this choice must provide the best resolution in 
experiments since the incident neutron energies are comparab
le with the corresponding quasiparticle energies - shows that 
by increasing the driving laser field intensity towards the 
parametric excitation threshold value we can arrive at the 
value of the scattering cross sections larger by several or
ders of magnitude as compared with the zeroth field ones. 
Besides, we see that the values of the cross sections for 
scattering on the plasmon-like modes are in any case much less 
than the ones for scattering on the phonon-like modes.This fact 
is easily understandable if one notes that the plasmon-neut
ron interaction is realized via the electron-phonon interac
tion mechanism, and the smallness of the neutron-plasmon 
scattering cross sections is therefore apparently due to the 
smallness of the mechanical part of the plasmon energy. 

The next point one should note here, especially when the 
question concerns the experimental realization, is the dec
rease of accuracy as the external field intensity approaches 
the threshold. This circumstance is caused by the use of 
the collisionless theory (the quasiparticle lifetimes 1! 1• 
r2-·l used for determining the instability threshold fields are 
the linear ones taken at Eo =0) from which all the analytical 
formulae have been derived. Actually, due to the essentially 
nonlinear interactions and dissipation processes in the sys
tem at high field intensities some stationary state must occur 
in time, and the nonphysical infinite increase of the anoma
lous fluctuation level and therefore of the values of scatte
ring cross sections as shown in Fig. I and Fig.2 by calcula
tions must not take place. This leads to the idea that by 
experimental study of the scattering process at external laser 
fields in intensity comparable with the parmetric instability 
thresholds the corrections to the theoretical results might 
be made and the real lifetimes of quasiparticles at nonzeroth 
fields could be found. 

Finnaly, resuming the study made in both theoretical (I, 
see /1/ ) and calculational (II) parts of this investigation 
we can conclude that, despite the illustrative character, due 
to the collisionless approximation, the obtained results show 
surely that by using the high-intensity laser radiation in 
the parametric resonance conditions it is possible to reach 
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values of the neutron inelastic scattering cross sections on 
the parametrically excited quasiparticles in solid, which 
make the neutron scattering measurements practically reali
zable. Thus, it is naturally to expect that this method 
together with the choice of efficiently high-flux neutron 
sources will help one to solve the "small concentration 
problem" in neutron spectroscopy of nonequilibrium quasipar
ticles. Then, the experiments in this direction might serve, 
on the one hand,as a method to observe the parametric excita
tion phenomena in solids and to study the quasiparticle energy 
structure in this situation and, on the other hand, as a 
means to change $electively the energy spectra of neutrons 
by laser fields. 
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