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It is shown that when an elementary excitation is absorbed by a fast particle, a hard quantum 
may be emitted, with a probability which exceeds in some cases the bremsstrahlung proba­
bility. 

l. To satisfy the energy and conservation laws 
when a photon is emitted by a free particle, par­
ticipation of a third body, which takes up the excess 
momentum, is necessary. The maximum momen­
tum is transferred to the third body in the case 
when the photon is radiated in the direction of 
motion of the particle. The momentum transfer 
depends in this case on the particle energy and on 
the photon frequency w, and for relativistic parti­
cles its value is (ti = c = 1) 

t1pmin = £1-£2- w + (£1- £2) M2/2E1E2. (1.1) 

At high energies this quantity can become so 
small that it is possible to consider as the third 
body a long-wave elementary excitation, such as 
an acoustic or optical phonon, a plasmon, or some 
other quasiparticle with integer spin. 

The simplest process of this type is the emis­
sion of a photon upon absorption (or emission) of a 
quasiparticle. It is seen from (1.1) that greater 
interest attaches to the case of absorption, for 
then (wq is the quasiparticle energy) . 

t1pmin = (w- Wq) M 2/2E1E2 - Wq (1.2) 

and when 

(1.3) 

emission is possible for an arbitrarily small mo­
mentum transfer (in this case the value of the 
momentum transfer is determined by the depen­
dence of wq on q). When E 1 > M2 /2wq this is valid 
for the entire spectrum of radiated frequencies. 

The probability of photon emission with absorp­
tion of an elementary excitation depends on the 
presence of such excitation in the substance. 
Recognizing that in the equilibrium state of the 
substance the number of Bose excitations is de­
termined by equilibrium conditions and that it can 
become large at sufficiently high temperatures, we 
can conclude that the radiation mechanism consid-

ered here can become significant at high tempera­
tures. 

The total radiation intensity in a frequency in­
terval dw from a unit path of the fast particle can 
be written in the form 

/(w) dw = ~ wn(wq) do(q, k, p) d3q (2nt3 , (1.4) 

where du (q, k, p) is the cross section for the 
emission of a photon k upon absorption of a quasi­
particle q, and n(wq) is the average number of 
quasiparticles in the state with momentum q and 
energy Wq. In the equilibrium state we have 

n (wq) = [exp (wq/T) -1]-1 , n (ulq) ~ (T/wq) for T ";:'?> wq. 
(1.5) 

The indicated radiation mechanism is possible 
also for nonrelativistic particles if the radiated 
frequencies w are small compared with the parti­
cle energy. In this case 

(1.6) 

and from the condition that the quasiparticle mom­
entum is bounded from above it follows that the 
radiated frequencies are bounded. 

2. We denote by g(q) the vertex part correspond­
ing to the absorption of a Bose excitation by a 
charged fermion. The smallness of q makes it 
possible to retain in the calculation of the matrix 
element the first nonvanishing approximation in 
q/p. It must also be noted that when condition 
(1.3) is satisfied the effective length of the con­
sidered process can exceed the interatomic dis­
tances, so that the decrease in the number of parti­
cles due to Coulomb scattering by the atoms of the 
substance will play a role. To take this into ac­
count, it is necessary to replace in the matrix 
element the vacuum Green's function of the virtual 
fermion by the Green's function of the particle in 
the matter: 

(2 .1) 
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which takes into account the Coulomb scattering. 
In the approximation of exponential screening 
a = (n0 i\ - 3 ) (Z 2 e4 /2rr), where n 0 is the density of 
the atoms, and A. the inverse screening radius 
(the Thomas-Fermi radius of the atom in a dense 
medium or the Debye radius in a plasma). 

The foregoing enables us to obtain the matrix 
element of the radiation of a photon upon absorp­
tion of an elementary excitation, in the form 

4 eg(q) - l- 2£, 
(2n) ,r- (u2r u1) " k . E 

f 2w fL - "'Plv v- tCi. 2 

(2.2) 

It follows therefore that the energy radiated by a 
relativistic unpolarized particle per unit path in 
the frequency interval dw is equal to 

I (w) dw = ;~, w2 dw ~ (~~)" n (wq) I g (q) 12 ~ dQk £ 1 (£1 ~2wq-w) 
X I . 2 (£1- w) _ . 2£1 . 12 

'2p1 .,k,, + tCi.£2 '2p2vkv- tCi.Et 

(2.3) 

For frequencies satisfying the condition 
U..'q « w « E, condition (1.3) is satisfied at not 
too high energies, and we therefore consider this 
limiting case first. We assume also that g(q) does 
not depend on the direction of q . In this case we 
can readily integrate over the directions of the 
vectors q and k. It is necessary to recognize here 
that the limits of integration with respect to the 
angle J between p and q depend on the value of 
lq I: when I q I > q1 == wq- u..'M2/2E2 , the con­
servation laws limit cos 8 from above to the value 
q1/ I q I . Taking the foregoing into account we 
readily obtain 

I (w) = (;:~. ~22 {~ q dq n (wq) I g (q) 12 [f (q) - f (- q1)l 
q, 

q, 

--;- ~ q dqn (wq)ig(q), 2 ft (q) -f (- q)l}, 
() 

. wq- ~q , ~ 2 (wq + ~q) 
f (q) cc ----,-.---. -. -, -- arctg (2.4)* 

("'q ,3q)' -;· (Ci. •2)2 . Ci. Cl. 

3. We consider by way of an example the emis­
sion of a hard transverse quantum by a relativistic 
particle, brought about by the absorption of a 
longitudinal wave. The frequency wq and the wave 
vector q of the longitudinal wave are connected, 
as is well known, by the relation 

e (wq, q) = 0, (3 .1) 

where E is the dielectric constant of the substance 

*arctg = tan -1 • 

(the absorption is assumed small). Relation (3.1) 
determines the dependence of wq on q. 

To solve the problem we must determine the 
explicit form of the vertex part g(q), which can be 
done with the aid of the following auxiliary consid­
erations. It is known that the longitudinal part of 
the ionization losses of a relativistic particle on 
a unit path has the form 

.!!:!:__ = 4e2 + C d"; C q4 dq4 {> (q4 - qv) :n:{l (e (q4, q)). (3 .2) 
dx nnv~q ~ 

It is obvious that the same expression should also 
be obtained if we calculate the quantum -mechanical 
energy lost to radiation of longitudinal quanta in the 
first perturbation theory approximation for q << p, 
i.e., without account of the recoil upon radiation. 
The matrix element of the radiation of a longitudi­
nal quantum with q << p is equal to 

Hence 
dE 1 C /IX = 4n'v ~ d3q I g (q) 12 {> (E 1-Wq- Y M2 + (Pl - q)2). 

(3.3) 

Recognizing that when q << p we also have 
E 1 - ..J M2 + (p1 - q 1) 2 ~ q · v, we can readily ob­
tain from a comparison of (3.3) and (3.2) 

I g (q} 1
2 = ;: [[ ::4 lq,=roJ1 

" 
(3 .4) 

Neglecting the spatial dispersion, we can assume 
that for frequencies larger than the natural fre­
quencies of the electrons 

e (w} = 1 - (wdw)2 , wt = n0e2Zime. 

In this case 

(3.5) 

and wq = WL does not depend on q. 

4. Substituting (3.5) in (3.4) we can obtain after 
a simple integration the spectral density of the 
radiation produced by the absorption of a longi­
tudinal quantum, in the form 

(4.1) 

The appearance in (4.1) of the maximum momentum 
that bounds the region of integration with respect 
to q from above is connected with the neglect of 
spatial dispersion in (3 .5). The use of the more 
accurate formula (3 .4) ensures automatic cutoff 
of the integral for large q . 

In the limiting cases (4.1) can be simplified. In 
the frequency region w << 0! (E/M) 2 we have 
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I (w) = n(wL)(~)2 (~)(~)2 InjZrt£qmax I 4n: 2rt E M2w • (4.2) 

In the frequency region a(E/M) 2 « w < w(E/M)2, 
w « E, which exists only when aE « M2, the 
following formula holds 

I (w) = n (w ) (£_)zwL In 12rtEqmax I 
L 4n: n: M2w I ' (4.3) 

which is considerably larger than (4.2). In con­
densed media the region of existence of the solu­
tion (4.3) for Z .$ 10 and n 0 ~ 1022 cm-3, 
a ~ Z2 1 0-10me is possible for E « (M/Zme)2 

\ 15 x 10 e V and, for example, for an electron with 
energy 109 eV it lies between 104 and 107 eV. The 
ratio of the intensity (4.3) to the bremsstrahlung 
intensity is small under the most unfavorable con­
dition (electron) at normal temperature, owing to 
the large value of the argument WL/T of the ex­
ponential in (1.5). However, when the temperature 
is increased to values T ~ w L the radiation 
mechanism considered here is more intense than 
bremsstrahlung. 

The most favorable case for the observation of 
the effect under consideration is the emission of a 
heavy particle in a medium of light elements at 
maximally high temperatures. In a dense medium 
with Z ~ 1 we have w L ~ T at temperatures near 
lO'"OOOoK, and in this case the radiation (4.3) is 
more intense than bremsstrahlung. When 
w L "" lOT we have n(wL) ~ 10-5 and the radiation 
mechanism (4.3) is more intense in dense media 
than bremsstrahlung by a factor (M/me) z-3/ 2 , so 
that even for an electron the radiation at Z ~ 1 is 
comparable with bremsstrahlung. It must be noted 

that owing to the exponential dependence of (1.5) 
on w L, at a specified temperature T < w L the 
radiation increases with decreasing density of the 
medium. In a rarefied gas the radiation upon ab­
sorption of a longitudinal quantum becomes more 
intense than bremsstrahlung at much lower tem­
peratures. 

In a high temperature plasma it is possible to 
have a case where there is no region in which (4.3) 
is applicable, owing to the fact that a exceeds w L, 
and only formula (4.2) remains applicable. In this 
case, however, the inequality T >> w L is satisfied 
and n(w L) f':j T /w L . Taking into account the depen­
dence of the Debye radius on the temperature and 
on the density, we can obtain a ~ e2T /27f, so that 
in this case the temperature dependence in (4.2) 
remains only under the logarithm sign and the 
radiation decreases abruptly with increasing parti­
cle velocity. At a density n 0 "" 1014 cm-3 and for 
Z "" 1, the ratio of the intensities of the considered 
mechanism of radiation and bremsstrahlung 
amounts to (T >> w L) 

(I (w)/I (wr)) ~ 1015 (Mime) (wlme) (M/£)2 

and for w ~ me we have in the case of an electron a 
ratio in excess of unity up to energies "" 1011 eV. 

The example under consideration shows that 
radiation upon absorption of an elementary Bose 
excitation must be taken into account in the analysis 
of the radiation from a particle in matter. 

Translated by J. G. Adashko 
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