strains of the crystal and to the appearance of interac-
tion of excitons with the metal. Thus, from the differ-
ent behaviors of I'(T) and w(T) of an anthracene crystal
placed on a contact with a gold layer and with quartz
one can conclude only qualitatively that the metal exerts
an influence on the exciton-phonon interaction in the
anthracene. It is of interest to obtain theoretical rela-
tions for I'(T') and w(T') with account taken of the influ-
ence of the considered metallic quenching of the exci-
tons.

Thus, the measurements of the luminescence spectra
of single crystals of anthracene on a contact with gold
at low temperatures have made it possible to observe
experimentally, for the first time ever, metallic
quenching of Frenkel excitons in the low-temperature
region. It is concluded that the coherent and noncoher-
ent excitons are differently quenched. Finally, it is
shown that metallic quenching of excitons influences
the exciton-phonon interaction in crystals.
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results.
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The possibilities are analyzed of obtaining a coherent flux of resonant pseudophotons for the excitation of
an inversion state in Mdssbauer nuclei. The spectral composition of radiation accompanying the motion
of a modulated beam of superrelativistic electrons whose space-time distribution is described by Poisson
statistics is considered. The emission spectrum has coherent and noncoherent components at the beam-
modulation frequency. The flux density of the coherent component of the radiation, at realistic
parameters of the beam, of the modulator, and of the accelerator, satisfies the y-amplification threshold

condition.

PACS numbers: 76.80. + y, 23.20.Lv, 41.80.Dd

The continuing active discussion of the problem of
developing a gamma laser stimulates the search for op-
timal mechanisms of excitation of the inversion in such
devices. In view of the considerable principal difficul-
ties in the realization of a system of long-lived gamma
transitions, due to the need of eliminating vanishingly
small perturbations and stimulated narrowing of the line
width by 5-8 orders of magnitude, a search is being
made for more realistic results on the basis of another
system, which makes use of different variants of a sys-
tem based on short-lived MGssbauer nuclei with natural
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line width. As a result of the high spectral pump den-
sity P(w) needed to realize such a model, the source
must satisfy a number of conditions, one of which, for
the case of radiation pumping, reduces to the require-
ment that the pump spectrum band be narrow Aw s I'Z
('/7 isthe width of the activation levelof the excited nu-
clei). Ifthe inverse inequality Aw > I' /7 is satisfied, the
possible strong heating and destruction of the working
medium make the use of the Méssbauer effect practically
impossible, and without this effect the problem cannot
be solved. From this point of view [as well as with
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respect to obtaining a maximum value of P(w)], the an-
alyzed coherent source of pump photons is superior to
the presently known noncoherent ones-bremsstrahlung,
synchrotron, or a source using the emission of oscil-
lating charged particles in a crystal channel.

We analyze below the possibility of obtaining the nec-
essary flux of photons (pseudophotons) via interaction
of arbitrary resonant nuclei with a density-modulated
beam of relativistic electrons having an initial Poisson
space-time distribution that can be obtained, for ex-
ample, via the shot effect of the cathode. The only
previously considered model of Coulomb coherent ex-
citation by a completely ordered and strictly periodic
discrete-electron beam (electronic pseudocrystal)’?
is unfortunately utterly unrealistic.

We consider the following model. A quasi-mono-
chromatic electron beam with a random distribution is
density-modulated by a light wave (the possibility of
such a modulation was confirmed by the experiment of
Schwarz and Hora® and by subsequent more refined
theoretical investigations™®). The beam is injected
next into an electron accelerator, where its velocity is
increased to the relativistic value v <¢, and the period
of the modulation in the laboratory system is decreased
by a factor y=(1-0%/c)'/%. It is apparently possible
to use linear resonant accelerators for this purpose. -
We seek the solution of the problem by the Weizsdcker-
Williams pseudophoton method,’*® which does not re-
quire consideration of the concrete mechanism of the
coherent electromagnetic interaction (Coulomb,
bremsstrahlung, transition, etc.), in which it is suf-
ficient to use the spectral intensity of the pseudopho-
tons and the known cross-section ¢ of resonant rad-
iative excitation.

The flight of one (z-th) superrelatifristic electron out
of the beam produces at a point located at the impact
distance p, a transverse electric field

E | (t—tn, pn) =eYpn/ [pa’+v* (t—1n) *y*) ™.

The entire beam of N electrons produces therefore a
field

N
E.()= Y Eut—t ).
To find the spectral density of the flux of pseudophotons
that accompany the beam it is necessary to calculate
the correlation function of the modulated nonstationary
process E (). The two-time correlation function is of
the form®

B(t,v)=E,(E.(t—1)= [ n(0)<E.(t-6,p)E.(1—0,p)> do

+ j‘ n(0)<E. (t—8,p)> dd j n(0)<E.(t—1—6, p)> db,
where n(¢#) is the variable parameter of the Poisson dis-
tribution (the instantaneous temporal density of the
beam at a specified point of the laboratory system),

and the angle brackets denote averaging over the im-
pact parameter. To simplify the calculations it is
useful to neglect the very small change of the particle
velocity upon absorption of the pseudophotons; this is
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permissible at a small target thickness and high elec-
tron energies.

Changing over, with the aid of the operation of
smoothing over the period of the modulation in the lab-
oratory system T, (Ref. 10), to the single-time corre-
lation function B(7), we can find the spectral density of
the correlation, corresponding to the spectral density
of the pseudophoton energy: '

1% o1

G(m)=ﬂj e i j B(t,v)dt,
—e —To/2

where T)=Ty/v, T is the period of oscillations of the
modulating light wave. For the sake of argument we
consider a beam characterized by a density 7(¢) =7 (1 -
6cosft) at =T/2 <t < T/2 and n(t) =0 outside the lim-
its of this interval; Q,=27/Ty, 6 <1,7=N/T.

Taking into account only the time-dependent part of
the density n(¢), which leads to the coherent effect, we
find

60— 200001 01 (k, (L2l0) g, (Lo2fle )

Tav'y? vy vy
sin (0£Q,) T0/2 + 2N*6%Q,* <K ( 1Qolp )>‘
(0=£Q0) TW/2 2nTv'y? "\ oy ‘

sin(0£Q,)T0/2 sin(w=xQ,)7/2
(0£Q0) To/2 (0£Q,)T/2

2

where K,(x) is the MacDonald function.

1t follows from physical considerations?® that the pos-
sible values of the impact parameter p at which pseud-
ophoton absorption (i.e., excitation of the inversion)
is possible lie in the interval p,;, Sp <pna> Where p. .
= ¢%/ymv® and corresponds to the quantum limit, while
p is equal to the smaller of the two possible values
corresponding to the threshold of the adiabatic interac-
tion p® =1y/Q, or the electron-screening parameter
p® ~1,4a,Z7/3, where a,=7%/me?. It is easy to verify
that for the necessary parameters v~c, §,~ 10'°Hz,
¥ ~10* we have

p,,(.:l ~210"* cm< p,(,:,,),

and the argument of K,(x) is small. Then, using the
distribution function of p in the form w (p) =2mp/S,
where S is the cross section area of the electron beam,
we get

2¢*N6 1o Pme sin[ (@£Q,) T'/2]

Glo) =g I oz T2
+ Zne’N’G’( —pnen) sin[ (0£Q,) T0/2] sin[ (0£Q,)7/2]
Toigs P Pmin) 00 T2 (0xQ) 772

and the spectral density of the pseudophoton flux
P(0) =G (0)c/hao.

The last expressions correspond to a sum of a non-
coherent term (linear in N) and a coherent term (pro-
portional to N%. It is seen that the spectrum of the co-
herent pseudophotons is localized in the region of the
frequencies Aw~1/T near w=18). For accelerators
of energy W~5 GeV the frequency is £y~ 10" Hz, so
that inversion can be excited on resonant transitions of
nuclei. In fact, recognizing that the modulating optical
laser radiation has a finite spectral width AQ{=4AQ/
y~10°-10° Hz, we must average the expression for
P(w) over &, in accord with the spectral distribution of
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the variable electron density

f(t)= [ n(Qu)e™ g,
ag,
It is clear that the pseudophoton spectrum is limited in
this case to the frequency interval Aw +A8,~10" - 10!
Hz, corresponding to the width I' of the majority of res-
onant and activation levels of the MGssbauer nuclei.

We now estimate P(w). For the realistic values N
~10,6~1, T~10° sec and S~10"* cm? we have P(w
=) ~10'! photons/sec-cm? Hz. Such a pseudophoton
flux, which is perfectly analogous for superrelativistic
electrons to ordinary photons, makes it possible, as
follows, for example, from Ref. 11, to excite the
threshold value of the inversion needed to satisfy the
lasing condition. It must be noted that allowance for
the possible channeling and periodic spatial compres-
sion of the beam in channeling”"4 can only improve the
parameters of the system, since it increases the beam
density within the limits of the employed interval of
impact distances pg;, Sp SpLa. At the same time for
positrons, which are localized in the interstices in the
case of channeling, the effect becomes much weaker.

The problem of linear acceleration (without affecting
the structure) of an electron bunch with dimension
larger than, for example, the wavelength of the accel-
erating field in a linear resonant (or other type) ac-
celerator can be solved by various methods. In partic-
ular, it is possible to form out of the unmodulated
weakly relativistic beam a periodic sequence of bunch-
es, the interval between which corresponds to the per-
iod of the accelerating field Tz, and whose duration
corresponds to the time-interval of the capture of the
electrons in:the linear-acceleration, i.e., to the dura-
tion of the characteristic bunches shaped by the ac-
celerator.® The role of such a shaper can be as-
sumed, in particular, by the first few resonator sec-
tions of the accelerator, past which the modulator is
located. The shaped"modulated sequence of bunches
with duration T > Ty is at spatial phase synchronism
with the accelerating traveling microwave, thus en-
suring effectiveness of the subsequent acceleration.

To analyze the spectrum of the pseudophotons of
such an aggregate, we introduce the electron density in
the form
M/3
n(t)= 2 7i[1—8 cos (Qut+sQ0T5) ]

s——M/2

at sTp<t<(s+tk:;)Ts

with n(¢) =0 outside the limits of these intervals. Here
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k3 =A@ /27 is the coefficient of the capture of the elec-
trons in the linear-acceleration regime, corresponding
to the phase interval A¢ of the accelerating field, '

and M =T/Tgis the number of bunches in the beam.

For the gamma-band frequencies of interest to us,
the duration of the passage of the bunch k;7; exceeds
by many orders of magnitude the correlation time of
the process B{(7). As a result, the calculation pro-
cedure remains the same as before, and the resultant
expressions take the form

Glo)= 2¢*(N/M) o Pres SID(MQT5/2) sin] (@Q0) T6/2]
ksTa0%S Pmin  8in(QoT5/2) (0=£Q,) To/2
4 2met (N/M)*? (orac—prin)? sin?(MQ,T5/2) sin[ (0£Q,) To/2]
ks T2 S? T sin? (Q,T5/2) (0=£Q,) To/2
sin[ (0Q0) 7/2]

(0xQ0)T/2

It is seen that if the frequencies of the accelerating
field is a multiple of that of the modulating field the
spectral density of the pseudophotons of a discrete mod-

~ ulated sequence of electron bunches is the same as in

the previously analyzed case of a continuously mod-
ulated beam. The availability of tunable laser sources
of light makes such a possibility perfectly realistic.

1L. A. Rivlin, Pis’ma Zh. Eksp. Teor. Fiz. 13, 362 (1971)
[JETP Lett. 13, 257 (1971)].

’L. A. Rivlin, Kvantovaya Elektron. (Moscow) 3, (9) 90 (1972)
[Sov. J. Quantum Electron. 2, 274 (1972)].

4. J. Schwarz and H, Hora, Appl. Phys. Lett. 15, 349 (1969).

‘D, A. Varshalovich and M. I. D’yakonov, Zh. Eksp. Teor.
Fiz. 60, 90 (1971) [Sov. Phys. JETP 33, 51 (1971)],

’B. Ya. Zel'dovich, ibid. 61, 135 (1971) [34, 70 (1972)].

®D. F. Zaretskii and V. V. Lomonosov, ibid. 65, 283 (1973)
(38, 140 (1974)].

M. A. Ter-Mikaelyan, Vliyanie sredy na élektromagnitnye
protsessy pri vysokikh énergiyakh (Effect of Medium on
Electromagnetic Processes at High Energies), AN Arm. SSR,
Erevan, 1969.

83. D. Jackson, Classical Electrodynamics, Wiley, 1962.

°B. David, Trans. IEEE (Russ. transl.) 56, 77 (1968).

105, M. Rytov, Vvedenie v statisticheskuyu radiofiziku (Intro-
duction to Statistical Radiophysics), part 1, Nauka, 1976.

"y, 1. Vysotskii, Zh. Eksp. Teor. Fiz. 77, 492 (1979) [Sov.
Phys. JETP 50, 250 (1979)].

12M. A. Kumakhov, ibid. 72, 1489 (1977) [45, 781,(1977)].

13y, A. Bazylev and N. K. Zhevago, ibid. 73, 1697 (1977) [46,
891 (1977)].

145, 1. Akhiezer, I. A. Akhiezer, and N. F. Shul’ga, ibid. 76,
1244 (1979) (49, 631 (1979)].

159, A. Val’dner, A. D. Vlasov, and A. V. Shal’nov, Lineinye
uskoriteli (Linear Accelerators), Atomizdat, 1959,

Translated by J. G. Adashko

Vysotskii et al. 51



