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Relativistic Cherenkov plasma maser experiments in General Physics Institute are supported by the well-
developed theory of the plasma-beam interaction. Direct numerical schemes for simulation specific experimental
conditions are used alongside with common theoretical ideas. Numerical simulation in this work was done trough the
using code KARAT with non-linear PIC-method (particle-in-cell) for plasma electrons as well as for beam electrons.
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This work is directly concerned with experiments,
which are carried out in Plasma Electronics Laboratory of
General Physics Institute (Moscow, Russia). The
operation of a relativistic Cherenkov plasma maser is
based on Cherenkov interaction of a relativistic electron
beam (REB) with plasma [1]. If the speed of electron
coincides with phase velocity of the wave, instability
arises with a frequency that depends on the Langmuir
plasma frequency. The system is azimuthally symmetrical
and an annular relativistic electron beam from a cathode
propagates through preformed annular plasma in a strong
magnetic field. The end of the central conductor metallic
coaxial waveguide limits the electron beam and the
plasma. Microwaves generate in the plasma waveguide,
propagate through the metallic coaxial waveguide and
emit into atmosphere through a dielectric window.

Presently we discuss a maser, which is tunable from
1.5 to 6 GHz. The comparatively low frequency allows
using an oscilloscope to obtain the time-dependence
radiated microwave electric field (then corresponding
spectrum). Microwave radiation from the horn excites a
wave in the antenna, and the oscilloscope registers the
signal.

Earlier we used numerical modeling with electrons
simulated as particles and the plasma considered as a
linear medium with invariable properties [2]. There are
several peculiarities of the maser operation. Both the
central frequency and the bandwidth depend on the
plasma density. Both these parameters change in time.
The broad spectrum is a set of narrow lines. On this point
experiments data closely agree with results of linear
simulation. But we can see some discrepancies between
the experiment and the linear simulation. On fig.1 is
presented the comparison: experiments data and
simulation result for the linear model. Here for minimum
plasma density (at n,<500"cm™ the MW-generation does
not exist) the spectrum is broad at first and narrows down.
In experiment it broads again, but in simulation it does
not. Besides, we have in experiment so-called
"microwave pulse shortening": termination of microwave
before the end of the REB current pulse. In linear
simulation the output power of MW-emission does not
decrease with time. Possible reason for the differences
may be that the linear model of plasma in simulations is
not adequate to strongly non-linear plasma in reality.

Among the all possible causes which leaded to
microwave pulse shortening, we take into account in this
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Fig. 1. Experimental spectra (left) and results of the linear
simulation (vight) for plasma density n,=5.5 00" cm’

work only one — how so named "temperature" of plasma
electrons affects on Cherenkov resonance mechanism. It
is suggested, that plasma electrons absorb energy of the
wave exiting by REB. For the simple qualitative analyze
let consider a dispersion equation for one-dimension
infinite plasma medium and beam [3]:
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where «, and @ - Langmuir plasma and beam
frequencies, u — beam electron velocity,

-1
y = (1- uz/cz) )2 relativistic factor, v, = \JT,/m,
vre — thermal velocity, 7. — temperature of plasma
electrons, w k — frequency and wavenumber of MW-
radiation. Under conditions of existing Cherenkov resonance
there is a known expression for the growth rate & [4]:
1
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ny, n, — density of beam and plasma electrons.
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If kvre << wwe obtain from eq.(1), inequality for arising
of the nondissipative instability in the plasma-beam
system
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In the opposite limit there is a possibility to exist a
dissipative instability and the growth rate & is
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The transformation efficiency of beam energy into energy

of wave field — 17 is equal [4]
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Since & >> & N is less than 1,
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It is conceivable that two regimes of the MW-radiation
exist in Cherenkov plasma maser. The above-mentioned
expressions offer only as qualitative estimates to explain
the change of the instability mechanism. Numerical
model was simulated using 2,5-dimensional version of the
code KARAT, where the beam and plasma electrons were
simulated by the same PIC-method (particle-in-cell) [5].
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Fig. 2.4 time c}ependence output power of MW
radiation (n,=5.5 00" cm™).
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Fig. 3. A time dependence output power of MW
radiation (n,=1.500"cm>)
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Fig. 4. Distribution functions of plasma electrons with
energy in various points of time

On the fig.2 is presented a calculated time dependence

output power of MW radiation. At small value of plasma

density (ny,/n, =5) the MW-radiation power decreases with



time. The average power at first zone is 50 MW and then
10 MW.

At comparatively high density (fig.3.) there is not a
greatly difference between values of MW-power in
according time intervals. Average values of power in this
case are 90 MW and 50 MW.

On fig.4 are presented distribution functions of plasma
electrons with energy in various points of time. At the low
plasma density the distribution becomes broad and far from
the Maxwell type. The substantial proportion of high energy
(till 150 keV) particles appearances in the plasma media. We
can connect the MW-radiation power decreasing (fig.2) with
the transformation from nondissipative to dissipative
instability. On the contrary, at the comparatively high plasma
density the distribution holds narrow form and almost
Maxwell one.
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Fig. 6. Experimental spectra (left) and results of the non-
linear simulation (right) n,=1.500" cm’

Now compare spectra in experiment and results of the
non-linear simulation for two values of plasma density. The
narrow line in simulation spectrum (n,=5.500" cm™) is
observed in the same interval of time as we see in
experiment (fig.5). The MW-radiation power decreasing is
attended by the spectrum broadening. With maximum
plasma density and the central frequency more than 3 GHz a
narrow line does not appear clearly in simulation (fig.6). But
there is a qualitative agreement between experiment data and
simulation results in the temporal evolution of the MW-
spectra.

CONCLUSIONS

Results of the non-linear simulation at difference plasma
density have a qualitative agreement with the experiment
data better than in the case of linear plasma model. At low
plasma density we have also an agreement with analytic
view (the connecting between the “heating” plasma
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electrons and the MW-radiation power decreasing). The
situation with another plasma densities is more
complicated and demands a detailed analysis.
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BUKOPUCTAHHA METOAY BEJIUKUX YACTOK B Y OITUCI IIVIASMHU [P YUCEJIBHOMY
MOJEJOBAHHI PEJIATUBUCTCBKOT'O IIJIABMOBOI'O CBU-TEHEPATOPA

IJI. Bozoankeeuu, A.A. Pyxaose, I1.C. Cmpenxos, B.Il. Tapaxanoe

ExcriepMeHTH, 110 NMPOBODKYIOTECS Yy TpuBaiMii dac B Jiaboparopii I3MAH, minrpumaHi po3BUHYTOIO TEOPIEIO ILIA3MOBO-
Iy4KOBOi B3aemomil. Hapsimy 3 3arabHUME TEOPETHYHUMH PO3IBIAMH [UT1 MOJCIIOBAHHS KOHKPETHIX YMOB CKCIICGPUMEHTY
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BXKUBAIOTHCS TIPSIMI IMCENTBbHI cXeMu. UrcenbHe MOJEITIOBaHH B JlaHiit po0oti Oyro 3mificHere 3a moroMororo komy KAPAT,
TOOTO piBHSAHHS MakcBena Oyiv po3B’si3aHi YHCENBHO 3a JJOMOMOTOIO SIBHOI KiHIIEBO-pi3HMIEBOT cxemu. LL{inbHicTs ctpymy J B
3aKOHI AMIiepa 009HCITIOETECS YT ITydka MeToioM Bemkux actok (PIC - particle in cell- meroniom), a st mma3mu abo Takox,
a0o0 3a JI0IOMOT'0k0 PO3B’SI3aHHS1 PIBHSHHS XOJIOHOT 01HO pijrHHOT MIT/] y siHiHOMY HaOJIMDKEHHI.

HUCITIOJIb30BAHUE METOJA KPYIIHBIX YACTUI B OIIMCAHUH IIJIA3MBI TP YUCJIEHHOM
MOJEJIUPOBAHUU PEJIATUBUCTCKOI'O IVIASMEHHOI'O CBY-TEHEPATOPA

UL bozoankesuu, A.A. Pyxaose, I1.C. Cmpenkos, B.Il. Tapaxanoe

OKCIIEpUMEHTBI, TIPOBOAMMBIC B TEUCHWH JJIMTEIHLHOTO BpeMeHH B Jaboparopri MODAH, momnepkaHbl XOpOIIO pa3BUTON
TeOpHel TUIa3MEHHO-ITyYKOBOTO B3aUMOJICHCTBUS. Hapsimy ¢ oOImpMy TeopeTHIeCKUMU PACCMOTPEHVSIMU TSI MOJIEITUPOBAHKS
KOHKPETHBIX YCIIOBUH 3KCIIEPHMEHTa TIPUMEHSFOTCS MPSIMbIE YHCIICHHBIE CXeMBbI. UNCIIeHHOe MOZIETTMPOBAHNE B JAHHOH pabote
ObUTO BEIMONMHEHO mocpencTBoM koma KAPAT, T.e. ypaBHeHHs MakcBeria peainch YMCIeHHO C TIOMOIIBIO SIBHOM KOHEYHO-
pasHocTHOH cxeMbl. [1oTHOCTE ToKa J B 3akoHe Amriepa BBIMHCISETCS U Iydka MeTofoM KpyrHbIx dactuil (PIC- particle in
cell- meromom), a 1 IWa3Mbl JMOO Tarke, JIMOO B JIMHEHHONW NPHOMVDKEHMM ITyTeM pEUICHWS YPAaBHEHUS XOJIOIHOM
onmHoxkuakocTHor MI'I,
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