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This research aims to explore a possibility of generation of short electron bunches by Bernstein-Green-Kruskal
(BGK) — waves and measurement of their parameters. The experiments showed that the BGK-waves can be used to
form short electron bunches with time durations ranging between 50 and 100 ps.

PACS: 84.40.-x

1. INTRODUCTION

For a number of certain applications, the problem of
forming short electron bunches, which could be stable
against the Coulomb repulsion, and taking measure-
ments of their parameters looks very challenging, in-
deed. As shown in reference [1], this problem can be re-
solved in part by utilizing the ponderomotive force
which is accounted for by the radiation fields. This indi-
cates that particles in the bunch must be imparted such
transverse oscillatory velocity that would result in ap-
pearance of the radiation fields which are employable to
focus the electron bunch in the longitudinal direction.
The oscillatory motion may well be either particle gyra-
tion in a homogeneous longitudinal magnetic field, or it
can be attributed to particle oscillations in an external
electromagnetic field. The ponderomotive force with
which two phase-locked oscillating particles interact is
the one of attraction, if the distance between the parti-
cles is smaller than half of the radiation wavelength [2].

The measurement of lengths of single relativistic
electron bunches have been the subject of many re-
search works to date [3, 4, 5]. In this way [3], the longi-
tudinal shape of an electron bunch was coded electro-
optically in the spectrum of a chirped laser pulse. The
length of the bunch was determined by analyzing the
spectrum of a single laser pulse as produced in the pres-
ence and absence of the electron bunch. Since the pulse
width of the chirped laser can be easily modified, the
electron bunch can be visualized in different time-
frames. This technique has a lot of promise for non-de-
structive testing diagnostics in the real timeframe.

At one and the same time, the issues of formation of
the indestructible, short non-relativistic electron bunch-
es and measurement-takings of their parameters have
hardly been studied well enough. The non-relativistic
electron bunches can be formed either by solitons or by
the Bernstein-Green-Kruskal waves (BGK-waves). The
BGK-waves are non-linear quasi-stationary waves that
have a great number of captured particles [6, 7] and
propagate without changing their profile and amplitude.
The experiment [8] demonstrated that the quasi-station-
ary wave was brought about by an electron beam pass-
ing through plasma which was viewed as a periodic se-
quence of steady-density bunches.

2. EXPERIMENTAL RESULTS

The objective of this research was to make a feasi-
bility study on production of short electron bunches, us-
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Fig. 1. Experimental setup: 1, 2 — electron guns;
3 — modulator, 4 — cavity resonator;
5 — collector; 6 — coil of magnetic field,
7 - capacity probe; 8 — aperture
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The setup of the experimental facility is given in
Fig.1. Two inter-penetrative electron beams (1, 2, Fig.1)
were passed through a metallic pipe placed in a homo-
geneous magnetic field of the strength 400 Oe.
(6, Fig.1). The velocities of both beams exceeded the
critical one and were 300° cm/s and 3.60010° cm/s, the
total current being 40...50 mA.

The effective pressure in the chamber was 210 Torr.
The initial perturbation was made when the oscillator fed
high-frequency voltage to the modulator (3, Fig.1). The
modulating voltage at the frequencies 500...1200 MHz
came from 1W-oscillator. Downstream from the collec-
tor (5, Fig.1) was an electrostatic analyzer used to mea-
sure the energy characteristics of the beams.

The measurements were made of the wave ampli-
tude distribution along the system’s length and wave
phase velocities with a movable high-frequency probe
which was an antenna terminated by a resistance that
was equal to the characteristic impedance of the cable.
The phase velocity of oscillations for different modula-
tion frequencies was measured by using a technique of
comparing the reference signal phase and probe signal.
To measure the harmonic content of the oscillations of
the bunch potential we used a capacity probe (7, Fig.1)
terminated to the characteristic impedance of the cable.
In further experiments, downstream from the modulator
was a circular movable cavity resonator (4, Fig.1), sig-
nals from which were detected using a coupling loop
and fed to either an oscillograph, or a spectral analyzer
operating in the range up to 40 GHz. At the input and in
the center of the cavity resonator were apertures
(8, Fig.1) used to generate transition radiation when the
electron bunches passed through them [11].

In the absence of the modulating signal the two-
beam electron system was stable, because the beams
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were under beyond-the-critical conditions. The feeding
of the finite amplitude signal brought the system into
unstable state, the wave amplitude growing exponential-
ly with an increasing modulator-probe distance. The
phase velocity, as taken at different beam velocities and
modulation frequencies, was (3...4)00° cm/s. Upon
reaching certain amplitude, the wave captured electrons
of the beams and a non-linear BGK wave was thus
formed after which the phase velocity variations became
impossible.

The evaluation of the capture amplitude was made
according to the capture formula:

. m 2
¢0f-2_e(vb Vph) >

where V, — beam velocity, V,, — wave phase velocity.

The capture amplitude was as high as 10...15 V at dif-
ferent beam energies and modulation frequencies.

Table 1. Amplitudes of harmonics

Modulation frequencies
Harmonics
648 MHz | 925 MHz 1850 MHz
1 12.5 2 2
2 4.5 2 2
3 3.5 3 3
4 1 1.35 1.35
5 2.5 14 1.4
6 1.5 0.33 0.33
7 — 0.66 0.66
8 - 0.75 0.75

At a certain beam velocity-to-current ratio the capac-
ity probe registered a broadband signal. The harmonic
content of this signal was obtained experimentally for
modulation frequencies 648 and 925 MHz. The spectral
analyzer was used to measure relative amplitudes of the
broadband signal harmonics, the high-frequency path
calibration done with the aid of the reference oscillators.
Table 1 gives relative amplitudes of the harmonics for
different modulation frequencies.

We assumed that the process of electron bunch for-
mation should occur with the scales for the high fre-
quencies of modulation remaining unchanged, and,
bearing this in mind, in the event of the modulation fre-
quency 1850 MHz we left in the same relationship be-
tween harmonic amplitudes as was the case for the fre-
quency =925 MHz.

By solving the inverse Fourier problem for different
modulation frequencies, one can determine accordingly
the bunch potential shape vs. time. This shape is seen as
a narrow pulse the half-width of which is 192 ps for the
modulation frequency 648 MHz, 96 ps for the modula-
tion frequency 925 MHz and 48 ps for the modulation
frequency 1850 MHz (Fig.2).

Knowing the bunch velocity and its potential half-
width, one could now evaluate its longitudinal dimen-
sion. Thus, for example, for the modulation frequency
f=925 MHz the bunch longitudinal dimension was on
the order of 3 cm, the bunch transverse dimension deter-
mined by sizes of the cathode and being 0.6 cm.
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Fig.2. Relationship of electron bunch potential vs. time
for different modulation frequencies:

a) fy=648 MHz; b) f,=925 MHz,
¢) fo=1850 MHz

The particle density in the bunch was10® cm?, the
total number of electrons being N = 44107 .

To check on the bunch equilibrium we developed
the following technique. For the measurement-takings
we employed a cavity resonator which could be moved
along the length of the system. The cavity resonator
pipe had a wire mesh placed over it. This cavity res-
onator was employed to diagnose the transition electro-
magnetic radiation generated by the electron bunch on
the mesh, with the cavity oscillator being excited at its
proper frequencies which were the modulation frequen-
cy harmonics. At the modulation frequency 1220 MHz
the fifth harmonic amplitude was measured relative to
the modulator-cavity resonator distance (4, Fig.1).

From Fig.3 it is obvious that at a distance /<12.5 cm
the cavity resonator is not excited. With increasing dis-
tance the harmonic amplitude increases, as well, and re-
mains constant. This implies that after the bunch is
formed, it remains in equilibrium over a considerable
transit distance.
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I'EHEPAIIA HEPEJISITUBUCTCKHUX 3JIEKTPOHHBIX CI'YCTKOB U U3SMEPEHUE
NX OCHOBHBIX ITAPAMETPOB

B.H. bonomos, C.H. Kononenko, B.U. Mypamos, B./l. @edopuenko

Pabora nocaseHa ncciaeJOBaHUI0 BO3MOXKHOCTH FeHEPAIlH KOPOTKHX 3JIEKTPOHHBIX CT'yCTKOB BoJHaMK bepH-
mreiiHa-I puHa-Kpyckana (BI'K) n m3mepennro ux mapamMeTpoB. DKCIEpUMEHTH MIpoAeMOHCTpupoBaiy, 4to BI'K-
BOJIHBI MOT'YT OBITh HCIIOJIB30BaHbI U1l (POPMHUPOBAHHS KOPOTKHUX NEKTPOHHBIX CTYyCTKOB MPOJOIKUTEILHOCTBIO OT
50 mo 100 mc.

TEHEPAIISI HEPEJIATUBICTCBKHUX EJTEKTPOHHUX 3I'YCTKIB TA BUMIPIOBAHHSA
IX OCHOBHHMX ITAPAMETPIB

B.M. Bonomos, C.I. Kononenxo, B.I. Mypamos, B./l. @eoopuenko

PoGoTa mnpucBsYeHa JOCTIIKCHHIO MOMIIMBOCTI TeHepalil KOPOTKHX €JEKTPOHHUX 3TYCTKIB XBHIISIMH
Bepumrreitna-I pina-Kpyckana (BI'K) i BumiproBanHro ix mapametpis. Exkcriepumentu nmpogemonctpysany, mo BI'K-
XBHWJI MOXKYTb OyTH BUKOPHCTaH1 JuIs ()OPMYyBaHHsI KOPOTKUX €IEKTPOHHUX 3ryCTKiB TpuBaiicTio Bix 50 mo 100 mc.
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