
COOOutBHMR 
001.BAMHBHHOrO 

MHCTMTYT8 
RABPHblX 

MCCnBAOB8HMM 

AYOHa 

E9-92-406 

O.V. Arkhipov, V.L. Bratman~ G.G. Denisov~ 
V.I. Kazacha, A.K. Krasnykh, M.M. Ofitserov~ 
E.A. Perelstein, S. V .Samsonov~ A. V. Zamrij 

CYCLOTRON AUTORESONANCE MASER 

WITH HIGH DOPPLER FREQUENCY 

UP-CONVERSION 

*Institute of Applied Physics of Russian Academy of 
Science, Nizhny Novgorod, Russia 

1992 



Introduclio(! 

The cyclotron autoresonance maser (CARMl CF3l is 

a promising variety of free-electron· masers (FEMs) operated 

in the mi 11 imeter and long-wave submi Uimeter regions with 

high power £4-101. In this range, CARM requires· part-icle 

energies _significantly low.er_ than for .·the ubilron (a most 

popular FEM variety)· and, magnetic fields smaller than. th.ose · 

for the. gyrotron. Thus, according to calculations effective 

CARH variants of megawatt and higher levels of average power 

;operating at the wave Length · of .about 1mm. with el~ctron 

·energies only .300 keV are possible employing strong magnetic 

fields o( about 100 kOe.(the ~egime of low Dopple~ ~requency 

~p-conversion) .or magneiic fields of -onlj 30-40 k0e. but 

re_latively high particle energies of .about 1 NeV (the regime 

of high Doppler frequency up-conversion). In this paper we 

present results .. of ne!" model experiments on the creation of. 

CARH of the second' type, i.e .. having- a high frequency up

conversion. lie re~lized CA_RN operating. at middle· millimeter 

waves with high efficiency and radiation power .. 

· Being a FEM variety, the CARN, like the gyrotron, 

is also. a modification of a cyclotron resonance maser {CRH), . . 
i.e., it i_s a device which uses stimulated radiation of an 

elec_tron _beam pr~pagating along helical 'trajectori~s in a 

' homogeneous _magnelic field. Unlike in._the gyrotron, electrons. 

in CARH interact with an electromagnetic wave exp i (hz-wtJ 

propagating almost along their translational. velocities (b~k. 
' ' ' 

where k = tiJ/ c ) rather •. than transverse to them. Therefore, 

• it is clear_from the c~ndttion of electr~n resonance with the 

wave: 

w - hv11 ~-w", ( 1) 
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that due to the Doppler effect the wave frequency in CARN at 

relativistic translational velocities of electrons, V11, 

greatly exceeds the frequency of particle oscillations (here 

it is the cyclotron frequency t1J" eH/mc'ef): 

i.,1.l !:::! !1l y2 ··uv • (2) 

where ';J= 11-~ 2 1· 1/
2 is a relativistic factor of electrons. 

Another consequence of the quasi-longitudinal 

propagation of the wave in CARN (when the phase velocity 

v =t,Jlh is close to the velocity of light cl is partial 
ph 

autoresonance (11,121' compensation of the variation of the 

electron frequency 6t•Ju by the Doppler shift 6(hv11 l. By virtue 
of this compensation electrons resonantly interact with the 

wave ~ven at considerable changes in their energies and at 
large enough rotational veloci lies of particles v..Ll.13.L•'\.' o·- 1

, 

where J3..L=v .. Jcl the CARM efficiency may amount to some tens of 
percent even in the simplest cases (without magnetic field 

and phase velocity tapering). 

Such a compensation makes CARN low-critical to 

particle energy spread o'rJ. But like other FELs and FENs, 

CARN is very sensitive to the spread in the pitch angles of 

particles. Indeed, the spread is acceptable only when the 
phase shifts of various electrons 9=1w-hv11 -0J ilv, during 

H ii 

their interaction with the wave differ one from another 

by less than 2n. This imposes the following restriction 

6".13..L/.!3;,i. ~ ll2bN, (3) 

where N is the number of gyrorotations and 
b=.!3i/2)3 11 .(3ph ( 1-)3 11f.i3ph l is the parameter characterizing electron 
recoil during radiation. 
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Thus, so as to attain high electron efficiency in 

CARt1, the electron optical system must produce an electron 

beam with a sufficiently large rotational velocity of 
particles -~Na- 1 al small spread (the condition (3ll. The 

electron efficiency of CARt1 is determined by the product of 

the so-cal led single-particle and orbital ( transverse l 

efficiencies [2,31: 

~ = i?sp ri 1. (4) 

The single-particle efficiency 

J3i (5) 

~ .. p = 
2H-J311/.~ph) (l-o"- 1

) 

is equal to the maximal portion of kinetic energy that can be 

withdrawn from a single e 1 ec tron in a homogeneous magnetic 

field by the wave of constant amplitude and phase velocity. 

The orbital efficiency l?-1. characterizes the compactness of 
particle bunching._ In the absence of spread in electron 

parameters. the value li.L depends, in particular, on the 
amplitude of synchronous wave, its longitudinal structure and 

on the length of interact ion space. For typical CARl1 

parameters, the maximal values of l7-1. without magnetic field 

profil_ing lie within the 0.3 - 0.6 range. 

Lj_I_J._ear._Jnd!!.._~_!,_ion Accelerator 0 

Evalualie>n _Q_f _ _pesigI_J. Parameters for CARM 

CARt1 was studied on a LIA - unit [13] 180. cm 

long that consisted of 18 induttors with permalloy cores, fed 
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from a single modulator (Fig.1,2). Inside the unit, a strong 

magnetic field was produced to focus particles with the pulse 

duration 1.2 ms and the magnitude controlled within 0 ... 15 

kOe. The accelerator unit is connected through a transition 

chamber to an additional solenoid where the microwave device 

to be studied is placed. The magnetic field in the additional 

solenoid has the duration of 5 ms and controlled within 

0 ... 15 kOe. 

The electron gun with explosive emission i's 

installed directly in the accelerator unit. The graphite 

cathode and anode are situated in the first third of the 

accelerator unit, so•that accelerating fields from the first 

6 inductors are summarized. The maximal measured energy of 

accelerated electrons is 1.5 t1eV at the current 1.5 kA and 

pulse duration about 60 ns. In this regime the accelerating 

gradient is equal to 10 kV/cm in the last 2/3 of the 

accelerator unit. 

So far as the distance from the cathode to the HF 

section is about 2 m, high magnetic field homogeneity and 

precise alignment of the components are required for beam 

transportation in the electrodynamic system. In the 

experiment a thin axial electron beam with OD =3 mm (Fig.3) 

was transported through a metal tube with ID =10 mm d and 

up to 0.5 m long. By this the measurements of current 

and location of the electron beam in the HF section 

with a movable Faraday cylinder and a dielectric target 

showed that electron losses were practically absent and 

the beam position was controlled with 1 mm accuracy. 

Based on the peculati lies of the LIA, we set 

ourselves the task of creating a CARt1-generator that would 
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combine high Doppler frequency up-conversion and high 

efficiency. The design electron energy was taken lo be in the 

range 1. .. 1. 2 NeV. \./hen choosing the phase veloci ly of the 
wave in the region of (t-,e;~,) varying from 012 lo zero for 

Figure 1. The induction linac-unit 

such an energy and rotational particle velocity ~=o~1
, the 

Doppler frequency gain may amount lo w/v)"= 7 ... 10. 

Looking for the ways to minimize lhe role of 

particle velocity spread we chose a relatively short 

interaction space for electrons and the wave when the number 
of cyclotron rotations N=5 .. . 7. Correspondingly, the phase 
veloci ly of the wave was chosen not very close lo uni ly 

i3ph=l.03 ... 1.06, so that the length was almost optimal, when 
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for the parameter of inertial particle bunching [2,3] 

r,, = ,n~l 1-§e~ N ( 6) 
ll-i3 11 /~phl 2 

we obtained~ =5 ... 8. The magnetic field allowed for the 

Figure 2. Scheme of the experimental setup: 1 - explosive

emission cathode, 2 - anode, 3 - axial electron beam, 4 -

LIA-unit solenoid, 5 -inductors, 6 - transition chamber, 7 -

sectioned additional solenoid, B - kicker loop, 9 - Bragg 

resonator, 10 - copper ring (magnetic screen I for magnetic 
Field attenuation that provides electron collection, 11 - RF 

window 

operati~n at millimeter waves. For experimental studying we 

chose two regimes with /\=4.4 mm and .'.\=6.0 mm which were 
determined by electrodynamic system. The corresponding 
magnetic field values were 10 kOe and 7 kOe. 

For the parameters given above, the single-
particle efficiency is rather high: ~ = 0.5. Under a 

sp 
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Figure 3. Trace of the electron beam on a dielectric film 

constant amplitude of synchronous 
efficiency without velocity spread 

wave, the 

is ~-1.=0.35 and 

orbital 
total 

electron efficiency amounts to Q=0.17. Calculations show a 
two-fold decrease in efficiency with a rather large spread in 
rotational velocities t.13..L/13..LN 0.2, in this case the starting 
current of the generator increases by two times. 

Jhe Formation of a Helical Electron Beam with Low 

Ve loci ~L.~P.read 

So as to produce in experiment a helical electron 
beam, at first we form a dense rectilinear beam and then 

put to the particles rotational velocity in an inhomogeneous 
magnetic field of a kicker (Fig.41. The rectilinear beam is 
produced in an explosive-emission injector in the form of a 
co-axial diode with magnetic insulation. In such a system the 
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initial (parasitic I rotational velocity that is caused by 
particle drift in crossed electric and magnetic fields 

changes from zero to ~J..=EIH, where E is the maximal 
transverse electric field in the emitter region. In our 
experiment the parasitic electron velocity in the beam was 
estimated to be less than 0.01. On the formation of a 
rectilinear beam it is necessary to put to the particles 
equal rotational velocities. To ensure against spread it is 

essential that electrons in the beam of finite thickness . 
should pass through the region of a perturbing magnetic 
field, preferably homogeneous in the transverse direction. 

The simple~t way to excite a thin continuous axial 
beam used in the experiment is to employ a kicker that 
consists of two current-carrying linear conductors 

perpendicular to the focused field and located on both sides 
of electron trajectories (Fig.41[141. In this case the 

sensitivity to the position particle spread. is minimum when 

the distance between the currents in the direction of the 
focused magnetic field is equal to half a Larmor step 
LH =2-n:v

0
/tiJH and the currents have opposite direct ions. Then, 

-<I 
~ 

y 

-Ho 
e 

-e LH/2 

Figure 4. Electron trajectories in the kicker 
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in the transition between the conductors with relatively low 

currents Ik at a distance I from the plane y =O. the 
electron having the ini lial coordinate y

0 
acquires a 

rotational velocity [141: 

4rr rk 
g . .J. = --:;::--c3 

c1m 
exp <.·- Zrrl "> ch ( . ..Zn !' ·1. 

J, · · I. · 0· 
II II 

(7) 

It is clear from this expression that for a thin 

beam the spread in rotational velocities depends rather 

weakly (quadratically) on the beam thickness 26v: 

tf?;.1.f .B.J. 1 . ..1l!..6..l! . 2 
=2<. T ), 

'11 

(8) 

According to calculations this estimate is also 

val id for relatively large kicker currents T"-, 

kicker imparts to the particles the rotational 
g.J.~0· 1 needed for effective operation of CARM. 

So as to decrease velocity spread and to 

when the 

velocity 

simplify 

beam alignment in the experiment, the cathode diameter was 

chosen rather smal 1: precisely, 3 mm and, correspondingly, 

the diameter of the electron beam was close to 3mm (Fig.3). 

The current I at operating voltages was measured to be 

0.3 ... 0.5 kA. 

For the design electron energy and magnetic field, 

the unperturbed Larmor step was 3.3 cm. Consequently, the 

longitudinal di stance between the kicker conductors was 1. 7 

cm. In order to obtain the needed rotational velocity J.J.~ 0.3 
and prevent the beam from brushing against the conductors 

the transverse dis lance be tween them 21 was chosen to be 6 

mm. The design current in the kicker was T k = 2 . 6 kA . \Ji th 
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exact beam alignment the design spread acquired by electrons 

in the kicker is very small: tB.J./!3.J.=3¾; however, taking into 

account the initial spread acquired in the region of 

explosive-emission gun, the spread in the transverse 

velocities of the drived beam may amount to 9¾ , which is two 

times lower than the admissible value. 

Se l ecJ.i ~e__ Fe_e_d!)a_c_k 

In our experiment, like in the most previous 

investigations of CARM [15-18), a lower H1 _1 mode of a 
regular circular waveguide was chosen for an operating mode. 

An important feature of our experiment is that we used a thin 

axial electron beam instead of a hollow one. Such a beam is. 

able to excite only the waves with ·the azimuthal index m=l. 

Operation at the B wave (or at a higher H wave) that 
1, 1 1, n 

has almost homogeneous distribution of a HF field in the 

axial region, is also convenient because we have low 

sensitivity of the system to the posit ion of the electron 

beam. 
For the chosen parameters of the electron beam and 

of the phase velocity of the wave , their dispersion curves 

intersect at two points or are tangential (Fig.5l. High

frequency intersection with the parameters of the wave 

~-=4.4mm and !3ph =1.035 fit the first design regime (point 1 

in Fig.5l. Parasitic LF intersection corresponds to i, =11 

mm, J~ph =1.31 and to a relatively small group velocity 

gqr=0.76 (point 3 in Fig.5l. 

To ensure single-frequency operation, the 

electrodynamic system should provide selective excitation of 
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Figure 5. Brillouin diagram for CARN 

ha 

a HF mode and discriminate LF oscillations. Like in [81, this 
task may be solved using for the operating mode a Bragg 
resonator with reflectors in the form of waveguide with 
periodically corrugated wall (Fig.6) [16,17,151. Ue would 
like to note that Bragg resonance re-reflection H of the 

1,1 

wave into itself in an oversized waveguide with admissible 
corrugation depth and with the above specified phase velocity 
of the wave that is very close to the velocity of 1 ight 
(which corresponds to small Brillouin angles of wave 
'P=l4~ ... 19~-l has a fairly small coupling coefficient. 

Therefore such a reflector is too long and it is unsafe to 
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use it on the cathode side of the resonator because of 
possible excitation of parasitic LF modes. The coupling 
coefficient can be increased and the reflector length 
shortened almost by two times using the corrugation with 
resonant reflect ion of the operating wave into higher modes 
I in our case E and E · for wavelengths 6 mm and 4.4 mm, 

1. l 1,2 

correspondingly). In the regular section of the resonator 
with such a reflector, a synchronous wave H

1
,

1 
propagates in 

the direct ion of electron propagation, and a nonsynchronous 
feedback wave travels in the opposite direction (Fig.6). At 
the output reflector the wave H is transformed into the 

l. 1 

wave E
1 

(E ) that is converted into H at the cathode 
• 2 1.1 1.1 

reflector . 
The desired values of reflectivity are found from 

the following requirements: the electron current T should 

be close to the optimal current ~pt that corresponds to the 
maximal value of orbital efficiency n...1. for design beam 
parameters. The value ~pt is found from the numerical 
solution of equations of electron motion in a self-consistent 

wave field [181. 
The optimization was made under the assumption 

that because of a sharp droop of the guiding magnetic field 
at the collector end, the electron-wave interaction ceases 
after passage of the input mirror and of the smooth resonator 
section. Electrons perform seven cyclotron oscillations at 
this length. on the basis of calculations we chose the 
reflection coefficients at which the start oscillation 
current was about 120 A and the optimal current Topt was 
about 4 times greater than the start one. These optimal 
conditions were achieved only for the regime with the 

13 



Eu- H! i (R=0.8) Ht,t H1,1- EJ,2 (R=o.6) 

c:= ~ 
F/F~t Et,1 

t 
0.6 / ,,,. 

/ 
/ 

/ 

O.Si 0.3 __.._,/ 
/~~J. 

/ 
/ .,,,. 

0 z 

Figure 6. Bragg resonator: scheme of feedback and "hot" 

field and efficiency structure 

wavelength i\=4.4 mm. In this case the field structure of a 

synchronous wave, like the field structure in TUT, grows 

towards the output (Fig.6), which favors a substantial 

increase in transverse electron efficiency up to n..1.=0.57 (cf. 
the case of constant-amplitude wave whe1;e r;•..1.=0.35 l. Taking 
into account velocity spread of 9¾ and the fact that part of 
the power of operating wave passes towards the cathode, the 

design efficiency for the first regime is Q=20¾~ The final 

values for design parameters of a CARN-generator are listed 

in the Table. 
"Cold" electrodynamic measurements of Bragg 

resonator parameters showed that the Q-factor of the 
operating mode coincided to an accuracy of 10¾ with design 

values. 

14 

Exp~r_i men t 

The scheme of the experimental setup is presented 
in Fig.2. A thin axial beam produced in the LIA-unit acquires 
rotational velocity in the kicker, passes through Bragg reso
nator and it is settled near the output mirror by means of a 

bulky conducting cylinder shielding the pulsed magnetic field 

of a solenoid. The generated wave is radiated out of the horn 

through the output dielectric window. The microwave radiation 

was diagnosed by means of a calibrated semiconductor detector 
and visually by a neon light panel. Besides, the radiated 
power allowed for the air breakdown at the focus of a parabo

lic mirror at atmospheric pressure. The extent of the 

microwave breakdotm enable? one to estimate the level of 

output power. The radiation wavelength was determined by 

means of 1./aveguide filters. as 1./ell as an echelette that 
provided an accuracy of about 5: in the range ~=3.6 5.8 mm. 

Experiment performed with the parameters close to 

the calculated values I F=J. 2 MeV. 1=500 A and H=l0 kOe l 

yielded the H
1

_
1 

wave generated with predominant radiation at 
the desired Havelength ?=4.4 mm and with the maximal output 

poHer of 50 HU. The efficiency amounted to about 8¾. 
A significantly lower efficiency, compared to the calculation 
is explained evidently by parasitic radial ion Hi th a rather 
broad spectrum (about 40¾) at a frequency close to the 

operating one . The poHer of this parasitic superluminiscence 

depends weakly on the parameters of electrodynamic system and 

in the absence of resonator reaches a value comparable with 
the radiation power at the operating frequency in the 
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A H 
parameters 

electron energy 
E<HeVl 

e 1ec t ron current 
I ( k Al 

Doppli. r frequency 
up-c orw~ rs ion t,J/t,J" 

magnetic field 
H I kOel 

e 

i-,=4. 4 mm 

design experiment 

1.2 

0.5 

7.7 

10 

tra,is verse vel oc i t.y 
13 .l. 0.3 0.25 

velocity spread 
6"~.1.I !3.1. 0.09 ----- --

operating mode H ( E I 
lf~edback wavel 1 , 1 I , 2 

ref 1~ c tion R
1

=0.80 R
2

=0.60 
coefficients 

start iPlf current. 0.12 ----·-
Is t kAl 

efficiency¾ 20 8 

output power 
p (H\./l 120 50 

out 

i-,=6. o mm 

design experimen 

1. 0 

0.3 

8.3 

7 

0.25 0.25 

0.1 

H ( E I 
1 , 1 1 , I 

R
1

=0.56 R
2

=0.37 

0.14 

12 10 

36 30 
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Table. CARN Parameters 

presence of resonator (Fig.7al. As it is seen from the 

experimental dependence drawn in Fig.7a for the radiation 

power versus electron driving, the resonator is excited 

effectively when the transverse electron velocity is rather 

16 

small and the level of parasitic noise decreases. However, 

this value of transverse velocity is lower than the .optimal 

one. The powerful superluminiscence observed in experiment is 

evidently caused by a sufficiently high level of parasitic 

input signal that is contained in the noise modulation of the 

electron beam produced by means of explosive emission, as 

well as by a rather high gain and a wide amplification band. 

Thus, according to calculations, energy modulation of the 

beam at the operating frequency with a relative amplitude 

only 0. 5¾ at the operating length of the interaction space 

causes the microwave signal with the power of about 10 MU. 

By varying the parameters (electron energy, 

magnetic field • current in .the kicker) in the experiment we 

found the second regime of single-frequency operation in 

which the H mode was excited at the wavelength ~=6.0 mm in 
1, 1 

the same resonator. This wavelength corresponds to the mode 

formed due to the resonant re-reflection of the H
1

, i and 
E

1
,

1 
waves at the Bragg reflectors. Although the Q-factor 

of the resonant oscillations at \=6 mm is almost twice 

lower than at 7,.=4. 4 mm. the gain was higher at a lower 

frequency and, consequently, at a smaller group velocity of 

the wave. Therefore the start oscillation current at i>.=6 

mm is only slightly higher than that at i\=4.4 mm. At a lower 

accelerating voltage, when the electron energy was 1 HeV, a 

smaller current, of about 300 A, was read at the cathode. The 

experimental dependence presented in Fig.7b for 

super l umini scence power and resonant generation power as a 

function of electron beam pumping show that because of 

parasitic superluminiscence , the resonator can be excited 

effectively only at relatively small values of transverse 
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Figure 7. Output radiation pol-ler tin arbitrary units) vs 
transverse electron velocity at fixed magnetic field and 
electron energy : • -superluminiscence. ;1 -radiation of CARM 

with Bragg resonator 
al i',. = 4.4 mm bl t<. = 6. O mm 
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electron velocities, similar to the case of generation at 
r,=4.4 mm. Measurements of the wavelength showed that when 
the radiation wi tbOut resonator almost vanished ( the 
dispersion characteristic of the beam is lower than the 
dispersion characteristic of the wave, see Fig.5), only a 
resonant wavelength A= 6. O mm was present in the radiation 
spectrum. A rather small transverse electron velocity and the 
current lower than the optimal value yield a relatively small 
design efficiency of 121 , with spread taken into account. In 
experiment at a single-frequency general ion the CARtf 

efficiency amounted to ~O¾, which is close to the calculated 
value, and the maximal radiation power was 30 tfU. 

C<m.~ l us i <>_n 

On the way to CARtf with high Doppler frequency up

conversion using an LIA-unit with explosive emission injector 
we came across a surprisingly high level of parasitic 
superluminiscence of the beam at short interaction space. Ue 
believe that this is caused by the background noise due to 
explosive emission, as well as by a very broad band of 
electron-wave interaction. By narrowing the interaction band 
by passing over to smaller magnetic fields and particle 
energies we decreased the superluminiscence down to 
acceptable values and obtained at single-frequency operation 
the efficiency close to the calculated value. At present 
only CARtf with nanosecond electron beams produced by means of 
explosive emission has been realized. The CARtf described in 
Sect.5 generates single-pulse radiation of about 0.1-1 J. 

Uhen passing over from the single-pulse to the pulse-periodic 
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regime with the repeti lion frequency of about 1 kHz that is 

the maximal attainable magnitude at present. we can expect 

that the CARN of interest wi I I produce a ki Iowatt average 

power. Generation of significantly higher power will need 

considerable advance in the technology of powerful high 

voltage modulators and emitter operating with the high 

repetition frequency or in a continuous regime. On the basis 

of such electron sources the CARN varieties considered above 

could provide a rather high average power ui th acceptable 

level of heating of the ualls of electrodynamic system caused 

by ohmic losses. Thus, for the CARN-generator considered in 

Sect.5 operated at the lower H -mode at the wavelength 4.4 
l, I 

mm with average radiation power 5 MW the thermal load would 
not exceed 1 kW/cm2 .This power can be increased by an order 

of magnitude if a smooth waveguide is replaced by a 

corrugated waveguide with the operating HE
1

. 
1 

-mode having 
[191 a small field at the wall, and if quasi-optical 
reflectors are used instead of Bragg mirrors. Estimations 

show that such a CARN with the electron energy £-1 MeV may be 

realized also at the 1-2 mm waves with the average power 5-10 

MW for relatively low magnetic fields of 20-40 kOe. 
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ApxHnOB O;B, HAP-
MaJep Ha 4HKnorpoHHOM aaropeJoHaHce c 
BblCOKHM npeo6p_aJOBaHHeM 4aCTOTbl KOOe6aHHi.1 

E9-92~406 

Ha 6a:ie. OHJ➔ ei.1Horo HHAYK4HOHHoro YCKOpHTem, C HCOOObJOBaHHeM 83PblB0-
3MHCCHOHHOro KaTOAa 6blflH npoBeAeHbl HCCOeAOBaHHR MaJepa Ha 4HKOOTPOHHOM 
aeropeJoHaHce (MUAP) c BblCOKHM AOnnoepoecKHM npeo6pa300aHHeM 4acrorbl,Kor
Aa 4acrora BOOHbl B 7-;9 paJ npeBbUJana 4HKOOTPOHHYIO 4aCTOTY JneKTPOHOB. C 
noM01!1blO BblCOKOH36HpaTeObHOro pe3oHaTOpa 6perra. HCOOObJOBaswerocR 8 
Ka4eCTBe aoeKTpOAHHaMH4eCKOi.1 CHCTeMbl MUAPa, 6blOH HCCOeAOBaHbl ABa pe~H- .. • 
Ma ero pa60Tbl, HMel<XIJHe. cy111ec_TBeHHO paJOH4Hble CBOHCTBa. npH_ JTOM AHCnep
CHOHHble xapaKTepHCTHKH aoeKTPOHHoro ny4Ka H BOOHbl HOH nepeceKaOHCb, HOH 
KaCaOHCb APYr Apyra.B nepBOM coy4ae reHepHpyeMaR M01!1HOCTb AOCTHraoa SOMGr 
t-ia AOHHe BOOHbl, paBHOi.1 4,4 MMC Kn,ll B%. To, 4TO Kn,ll OKaJancsi 3Ha4H-
renbHO MeHbUJe pac4eTHoro' 06bSlCHSleTCSl BblCOKHM ypoeHeM napaJHTHblX WYMOB 
ny4Ka. Bo BTOPOM pe~~Me" pa60Tbl MUAPa C HJny4eHHeM; HMeBWHM AflHHY BOflHbl. 
paeHylO 6 MM, reHepHpyeMaSl M01!1HOCTb cocrasnRna 30 M&T npH HHJKOM ypoeHe 
napaJHTHblX WYMOB, a Kn,ll - 10%,: KOTO~blH 6blfl 6nHJOK'K pac4eTHoi.1 eenH4HHe. 

Pa6ora BblnooHeHa e Jla6oparop,n1 RAepHblX npo6neM 01-HH1. 

Coo6wc1111c 061,c,111nc11nmo 1111crnryra ·•;1,·p111,,x il((; .. 1c;ioeaH1tii. Il) 611a I 9Q2 

Arkhipov O.V: et al.· 
Cyclotron Autoresonance Maser with 
High Doppler Frequency Up~Converiion 

E9-92-406 

A li~ear induction accelerator (LIA) unit with explosive emission 
was·used as a basis for CARM with high Doppler frequency up-conver~ 
sion when the wave frequency is greater up to 7 ... 9 times than the cyc-
1 otro~ frequen~y of electrons. Using a high-selective Bragg. resona
tor asan electrodynamic system of CARM we investigated'two regimes 
having essentially different properties: the dispersion-c~aracteris
tics of th~ electron beam and .the wave were either intersected.or tan
gential to one another. In the first case, the radiation power amoun
ted up to ·so·Mw at the wave length of 4.4 mm with efficiency 8%. The 
efficiency significanty smaller than the design value was evidently 
caused by a high level of parasitic superluminiscence of the beam. In 
the second regime of operation at 6 mm, the radiation power was 30 MW 
with a low level of- parasitic supe.rluminiscence and efficiency 10% 
which was close to the calculated value. 

The investigation has be~n performed.at' the Laboratory of Nuclear 
_Pr6blems, ~INR. 
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