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Low-frequency modulation of a high-current relativistic electron beam (REB) and acceleration of ions in the first
section of a collective ion accelerator was studied experimentally. Low frequency modulation of supercritical high-REB
was obtained due to periodic compensation of a virtual cathode charge by plasma ions. An ion flow was produced by an
electric field of virtual cathode when plasma assists. Plasma was formed by the four Bostick plasma guns placed at equal
distances along the periphery of the drift chamber. The low-frequency modulation with depth 10 % at frequency 46 MHz
was obtained. The ion energy was measured using the magnetic analyzer. The ion energy that probably was obtained in
the potential well of the virtual cathode exceeded the REB energy.
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1. INTRODUCTION

The idea of time-space modulation of REB is the ba-
sis of a two-section ion accelerator. In such an accelera-
tor, a slow wave synchronous with accelerated ions is
formed in the electron beam. In the plasma vircator the
external plasma injection, in particular, in the course of
plasma anode creation, causes disappearance of a virtual
cathode because of compensation of its space charge by
ions. Its subsequent relaxation formation occurs in the
case of plasma disappearance. Thus, there is a capability
of low frequency REB modulation, which is determined
by the time of ions flyover.

The purpose of this paper is the implementation of
low-frequency time modulation and realization of pre-
acceleration of ions in the first section of a collective
ion accelerator with using an external plasma source.

2. NEAR-WALL PLASMA ANODE

In the first section of the collective ion accelerator,
where ions are pre-accelerated by an electrostatic field
of a space charge of the virtual cathode, a source of ions
is the plasma anode formed by an external plasma
source. In Fig. 1 the scheme of the first section of col-
lective ion accelerator is shown. The plasma anode is
formed by a synchronous operation of four plasma guns
(4) of Bostick type with voltage breakdown on a surface
of organic glass. The guns are placed in the same plane
on peripherals of the cylindrical drift chamber (6) of the
accelerator. For plasma configuration the change of ini-
tial radial motion of neutral plasma from guns by the
Ampere force was provided with a dielectric insert (3)
placed in the region of plasma injection. The dielectric
insert (3) forms a drift channel of neutral external plas-
ma of a corresponding diameter specifying its motion
direction along force lines of an external magnetic field.

At the absence of the dielectric insert (3) the external
plasma radially moving to an axis of the drift chamber
forms a planar plasma anode. So, in the accelerator, the
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formation of the plasma anode in the region between the
cathode (1) and virtual cathode (5) was realized. In this
case the registered maximum collector REB current co-
incided in accuracy with the maximum value of the
diode current. It means that at REB transporting in the
drift chamber with plasma filling the virtual cathode did
not appear.
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Fig.1. The scheme of the first section of ion acceler-
ator 1 - cathode; 2 - anode; 3 — dielectric insert;
4 — plasma gun; 5 — VC; 6 — drift chamber;,

7 — Faraday cup

The application of the dielectric insert (3) has al-
lowed forming the near-wall plasma anode by means of
radial injection of plasma. By change of the longitudinal
size of the insert the different operational regimes of the
virtual cathode were realized. In experiments with a
lengthy dielectric insert (3) a pulse of the collector cur-
rent on the Faraday cup in accuracy corresponded to the
pulse of REB at accelerator operation without an exter-
nal plasma source. When the insert (3) was shorter on
the collector current pulse the peak was observed (Fig.2
(3)) whose amplitude was equal to the maximum value
of the diode current. It allowed us to make a conclusion
that for this short time the virtual cathode has disap-
peared.

3. LW MODULATION OF REB

In Fig.2 the oscillograms of current pulses of the
plasma gun (1), and diode (2), and Faraday cup (3)
are shown. The time delay between pulses of cur-
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rents of the plasma gun and diode are chosen so
that injection of relativistic electron beam corre-
sponds to the moment of a maximum density of
plasma. The peak on the oscillogram of the current
of Faraday cup (3) corresponds to short-time disap-
pearance of the virtual cathode due to its charge
compensation by plasma ions. The time of 480 ns
from the beginning of Faraday cup current pulse to
peak appearance is determined by the time of mo-
tion of plasma ions from the plasma source to the
region of the virtual cathode. The duration of peak
corresponds to the time of the virtual cathode disap-
pearance.
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Fig.2. Sync mode of accelerator units

In Fig.3 the oscillograms of diode and Faraday cup
currents are shown. The lower oscillogram maps of low
frequency temporal modulation of REB current has
been obtained with a short length of the dielectric insert

3).

Fig.3. Low frequency modulation of REB

Thus, in the first section of the collective ion accel-
erator the operation of an external plasma source is real-
ized. The external plasma source serves as a plasma an-
ode.

The applied dielectric insert promotes formation of
near-wall plasma anode with radial injection of ions. As
the dielectric insert length decreases, the low frequency
REB modulation is observed. In the beginning with de-
creasing of the insert length the frequency REB modula-
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tion increases. At dielectric insert length when the
straight-line injection from plasma guns along the radius
opens and the planar anode is formed the REB modula-
tion is not observed as the virtual cathode disappears.

The maximum modulation frequency that was ob-
served in experiments had the value of 46 MHz. And
the maximum modulation depth was 10%.

Adding confirmation of the low-frequency REB
modulation was the registration of the X-radiation. The
REB produced the X-radiation at bombardment of the
target from stainless steel. The used registration tech-
nique of the X-radiation is shown in paper [1]. The TD-
S224 oscillograph registered the signal from the sensor
of the X-radiation.

In Fig.4 the similar results obtained at the presence
of plasma from the external source are shown.
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Fig. 4. Pulses of input diode current (1) and
X-radiation (2) (a), and spectrum function
of X- radiation (b) with external plasma
The duration of REB current was equal to the pulse
duration of the X-radiation and had a value [0.8 us. In
Fig. 4,b the spectrum function of the X-radiation is
shown with the maximum in the region of 46 MHz.

4. ENERGY OF IONS ACCELERATED
BY A SPACE CHARGE FIELD
OF VIRTUAL CATHODE

For determination of kinetic energy of ions, which
were previously accelerated by a space charge field of
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virtual cathode in the first section of an ion accelerator,
the method based on motion of a charged particle in
transversal magnetic field was used. On paths of trans-
porting of electron and ion beams, the magnet was set
with the magnetic induction vector B; perpendicularity
to paths of flying particles. Under action of force
mdv/dt = q(vx B, ), which acts on a moving particle
with velocity v and charge ¢, and mass 72, the particle
moves along the circle with radius » = mv/gB, . After
departure from the magnetic field, the charged particles
move uniformly and rectilinearly.

The kinetic energy of ions is determined by the rela-
tion

rgeL

where 0 is the cross-sectional size of homogeneous

magnetic field B, ; L is the distance between the mag-

netic field and screen; / is the deflection of the ion from
the initial direction, which is registered on the screen. In
our experiments the screen was made from the cellulose
nitrate that was also the track detector of ion flow.

In our experimental research the deflection system

was used with the following parameters: ‘B] ‘:0.144 T;

0 =40 mm; L =40 cm. The slot width of the diaphragm
placed before the transversal magnetic field was equal
to 1 mm. For singly charged ions of carbon C' the de-
flection / has value 6.08+0.82 mm. Accordingly to (1)

the ion energy is obtained FE =(0.87+0.09)x10™"J
(i.e. 0.54£0.06 MeV).

It should be noted that the ion energy (0.54%
0.06 MeV) exceeds the electron energy (=210£30 keV).
It is evidence of that the potential well created by the
space charge of the virtual cathode in our experiments
exceeds the potential of electron beam more than twice.

CONCLUSION

Thus, in the first section of the collective ion accel-
erator the low-frequency REB modulation and the pre-
acceleration of ions were realized using an external
plasma source. The ion source was the near-wall plasma
anode. The low frequency was determined by the regis-
tration of the REB collector current and the X-radiation
with calculating its spectrum function. The maximum
modulation frequency had the value of 46 MHz. The
technique for accelerated ion energy measuring based
on the motion of the charged particle in an orthogonal
magnetic field was made and used. The measurements
of deflection of ions by the magnet system have allowed
to determine the energy of singly charged ions of carbon
C" that amounts (540£60) keV.

This work was supported by STCU (project
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HN3KOYACTOTHASA MOAYJIANUA POII U YCKOPEHUE NOHOB
B PEXKUME 3AKPUTUYHOCTH IIPU BHEIHEN WHXEKIAY I1JIA3MbI

IL.T. Yynuxos, /I.B. Meoseoes, H.H. Onuwenko, b./[. Ilanacenxo,
I10.B. Ilpoxonenko, C.C. Ilywkapes, P./l. @aiien, A.M. Ezopoe

OKCHeprMEeHTAIbHO MCCIIEA0BaHa HU3KOUaCTOTHAsE MOAYJISIHS CHIBHOTOYHOTO PEIATUBHCTCKOTO JIEKTPOHHO-
ro my4ka (POII) n yckopeHne HOHOB B NEPBOI CEKIIMHU JBYXCEKLUHOHHOTO KOJUISKTUBHOTO YCKOpUTENs HOHOB. Hus-
KOYacTOTHAask MOJYJISALIUS CBEPXKPUTHYECKOro cuuibHOTOYHOTrO POIT ocyiecTBieHa nepruoAnvecKol KOMIICHCAIMeH
BHUPTYaJIBbHOTI'O KaTO/1a MOHAMU IUTa3Mbl. FIOHHBIH TOTOK COPMHUPOBAH 3IEKTPHUYECKUM I10JIEM BUPTYaJIbHOTO KaTO-
na. [lna3zma oOpa3oBaHa 4ETHIPbMSI TUIA3MEHHBIMH YIIKaMH OOCTHKOBCKOIO THIIA, PACIIOJIOKEHHBIMH PaBHOMEPHO
no nepudepun kamepsl npeida B odnactu BupryansHoro karona. Moaymsius POIT ¢ riyounoit 10% ocymecrsie-
Ha Ha gactote 46 MI'11. DHeprus HOHOB M3MEpEHa C MMOMOIIBI0 MATHUTHOTO aHAJIN3aTopa. JHEPTHI HOHOB, KOTOpast
BO3MOKHO IT0JIy4€Ha B IOTEHIUAIBHOH SIME BUPTYaIbHOI'O KaTo/a, mpesbicuiia sHepruto POII.

HU3BKOYACTOTHA MOAYJISINIA PEITI TA TIPUCKOPEHHS IOHIB B PEXKUMI
3AKPUTUYHOCTI ITPH 30BHIIIHIN IHXXEKIIIT IJIA3MHA

ILT. Yynixoe, /I.B. Meoseoes, .M. Oniwenxo, b./l. Ilanacenko,
1O.B. IIpoxonenxo , C.C. Ilywikapvos, P./]. Daiien, O.M. €zopos

ExcnepuMeHTaNbHO — JOCHIIKEHa  HU3BKOYACTOTHA  MOXLYJALIS  CHJIBHOCTPYMOBOTO  PEIATHBICTCHKOTO
enektponHoro my4ka (PEIT) Ta npuckopeHHs i10HIB B IepIIiid CEKIil JBOXCEKIIHHOTO KOJIEKTUBHOTO MIPUCKOPIOBaYa
ioHiB. Hwu3pkowyacTOTHa MOZYJSLiSA HAAKPUTHYHOrO cuibHOcTpyMoBoro PEIl  3pilicHeHa mepioluyHOO
KOMIICHCAIII€I0 BIPTyaJlbHOTO KaroJa iOHaMM IUIa3MU. lOHHMHM TOTIK CQOPMOBaHMN E€JIEKTPUYHUM IIOJIEM
BipTyaspHOro Kartozxa. [Inmasma cTBOpeHa 4OTHpMa IUIa3MOBHMH IYIIKaMH OOCTIKOBCHKOTO THUILY, PO3MIIIEHHUMH
piBHOMIipHO 10 mepudepii kamepu apeiidy B obiacti BipryansHoro karoga. Moaymsuist PEIT 3 rimbunoro 10%
peainizoBaHa Ha yactoti 46 MI'1. EHepris ioHIB BuMipsiHa 3a JONOMOTOI0 MarHiTHOro aHanizatopa. EHepris ioHiB,
sKa HMOBIpPHO OTpHMaHa B MOTEHIIHIN SMi BIpTyalbHOTO KaToxy, nepesummia eHepriro PEIL.
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