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Currently there are generators of intense ion beams of nanosecond duration. For the purpose of the injection such
ions into a linear accelerator the formation of a sequence ~10° ion bunches of a duration of 20 ns, a current of
~100 mA total current pulse duration of about 1 ps is considered in this work. In this case, bunches of highly
charged ions (HCI) of aluminum are generated by field emission by applying a voltage of 400 kV, a duration of
50 ns at a block of aluminum emitters, spaced along the axis of the injector. The injector consists of a sequence co-
axial emitters, a grounded accelerating grid and a retarding-and-turning grid. Trough the retarding-and-turning grid a
current is passed from the current pulse generator, which creates an azimuthal magnetic field directing HTI along
the axis. The analytical calculations that determine the parameters and confirming the possibility of the technical

realization of such a device are shown.
PACS: 29.27.Ac

INTRODUCTION

In [1, 2] experiments are described on the generation
of high charged ions (HCI) by applying a pulsed voltage
of 300...400 kV and duration of 50 ns to block of edged
emitters of aluminum.

In this case high-voltage of positive polarity is intro-
duced into the ion source chamber through the bushing
insulator of porcelain. At the end of the high voltage
bushing the block of emitters is placed. Further along
the axis of the system the extracting grounded electrode
is placed. In the experiments the strip emitters of alumi-
num are used, because of their efficiency and good re-
producibility of the results.

Thus the ion beams are formed in a high voltage ac-
celerating diode, the anode of which is represented by
the block of edged emitters, and the cathode — by the
grid consisting of longitudinal metal wires.

The main investigations have been carried out with a
flat block of emitters with area of 16 cm? This block
has 20 parallel edged emitters of length of 4 cm each.
The emitters operate stably over 10°...10* “shots".
Measurements made using the tracking detectors, mag-
netic analyzer, and other. It was showed that the beams
are composed mainly of aluminum ions with a charge
Z = 8 + 1 and the current 30...35 A. In this case, the
current of 0.4 A corresponds to the emitter length of
1lcm.

The measurements were shown that, according to
theory [3, 4], the generation of high-charge ions is con-
nected with the above-barrier field ionization in super
strong pulse electric fields with intensity E that is more
than 10" V/cm.

1. THE DEVICE FOR CREATING
THE CHAIN OF IONS

For further acceleration of such bunches the device
is demanded which generates the chain of ion bunches
suitable for insertion into the linear accelerator, i.e. hav-
ing the current of ~100 mA and pulse duration of ~1 ps.
For this purpose the HCI emitters are spaced along the
axis of the injector in the device is being described.

In Fig. 1 the scheme of such injector is shown. It
consists of the coaxial blocks of emitters 1, the ground-
ed accelerating grid 2, the retarding-and-turning grid 3,
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and the grounded accelerated electrode 4. On the blocks
of emitters the voltage U, is applied from the pulse
voltage generator (PVG). Through the retarding- and-
turning grid 3 it is passed the current I, which creates
the turning azimuthal magnetic field from the pulse cur-
rent generator (PCG). The retarding voltage U, is ap-
plied to it also. The cylindrical accelerating grounded
electrode 4 is placed at the output of the injector.
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Fig. 1. Diagram of the device to create a chain
of ion bunches

The device operates as follows. A voltage pulse is
applied to the block of emitters, under the influence of
which Z-fold positive ions of metal are pulled out from
the emitters and then are accelerated under the influence
of the accelerating electric field to the maximum energy
equal to ZeU;. At the same time, while moving in the
azimuthal pulsed magnetic field produced by the grid 3,
their radial energy begins to pass in the longitudinal
energy. However at so high energy (about 400 keV) the
Larmor radius of the ions is too big and to completely
turn the ions along the system, you need to slow them
down to a lower energy (~4 keV). For this purpose,
pulse voltage is applied on the retarding-and-turning
grid 3 which creates a slowing down electric field be-
tween the grids 2 and 3. Under the influence of this
field, the ions are decelerated to the energy ZeU, and
fully turning along the system, get into the drift region
within the grid 3. In this region a distance between the
ion bunches is equal to a distance between the emitters.
Next, the ion beam passes through the accelerating gap
between the face of the retarding and turning grid 3 and
the accelerating electrode 4, getting into the drift region
inside it with the energy equal to ZeU;. Thus the dis-
tance between the ion bunches increases in proportion to
the velocity of the beam.
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2. CALCULATION OF PARAMETERS Let us estimate the value of this ratio. Let r,/r, =3,
OF THE SYSTEM E=

Let us find the current I, which must be passed
through the retarding-and-turning grid 3. Let the radii of
the accelerating grid and the retarding-and-turning grid
are ry and r,, respectively. The accelerating grid is
grounded and the retarding-and-turning grid is under the

voltage U,.
The Lagrangian of the system is written as follows:
2 2
L-MVe  MY: 8y A —eU. (1)
2 2 ¢

The expression for the scalar potential in the axially
symmetric case is [5]:

U=U,-2cIn_ )
r‘0
where ¢ is a linear charge density. A similar expression
can be written for the longitudinal component of the
vector potential:
A=A, -2t ©)
c T,
Substituting (1) in the Euler-Lagrange equation with
(2) and (3) and expressing o by U,, we obtain the equa-
tions of motion of a charged particle in such a system:

r 4Ve =7-AV, (4)
dt
ey, )
dt
where A:Lil, _s U, , &isa charge to mass ratio,
¢ = r,
In—=
rl

cis a light velocity. Integrating (5) we obtain an expres-
sion for the longitudinal velocity of the particle:

v, =Alan+VZO1 (6)
1
where V,q is an initial longitudinal velocity of a particle
(under r=r,). After the integration of (4) with (6) we
obtain the energy conservation law:

V24V2-2; |an —V2 V2 (7)

1
where Vg is an initial radial velocity of a particle (under
r=ry). The current I must be such that the radial velocity
of the particles approached to 0 when r=r,. Assuming
V,=0 at r=r,, and also taking into account that
Vi +V2=V) =24, is the total initial energy of the

ion (up to a factor of 2/m) and by entering the initial
injection angle a, we find the current which provides a
turn of the beam along the axis of the system:

= c? «/UI—UZ—\/UTcosa. (8)
\/2 |nr;2

h

The initial injection angle o can be set, for example,
creating an azimuthal magnetic field in the accelerating
gap between the blocks of emitters 1 and the accelerat-
ing grid 2. In the absence of the field (a=-m/2) we ob-
tain:

I c?
WiV
1
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Obviously, such a distance should be also between
the emitters. When the accelerating field frequency
f=100 MHz, 1,=0.63 cm, for generating a train of 100
bunches the total length of the block of emitters must be
respectively 63 cm.

Like that, the analytical calculations determine the
parameters and confirming the possibility of the tech-
nical realization of such a device are shown.

O®OPMUPOBAHUE ITOCJIENOBATEJIBHBIX HEITOYEK NOHHBIX HAHOCEKYHIHBIX
CI'YCTKOB JJ151 UHXKEKIIUA B JIMHENHBIA YCKOPUTEJIb

B.H. Bymenko, A.M. Ezopos, b.H. Heanoe, B.Il. IIpuwenos, H.I'. Illynuka

B nacrodmee BpemMss UMEIOTCA I€HEPATOPbl MHTEHCUBHBIX HMOHHBIX ITyYKOB HAHOCEKYHIHOW qiuTenbHOCTH. C
LETTbI0 MHXKEKIUHM TAKUX MOHOB B JIMHEHHBIA YCKOPUTENh B JaHHOW paboTe paccMOTpeHO (hOpMHUpPOBaHHUE TTOCIEN0-
BaTenbHOCTH ~10? HOHHBIX CT'YCTKOB JIIUTENBHOCTHIO 20 HC, TokoM ~100 MA B CyMMapHBIi TOKOBBII UMITYNbC JUIN-
TeNbHOCTBIO ~1 MKC. [IpH 3TOM CrycTKH BBICOKO3apsITHBIX HOHOB atoMuHus (B31) renepupyroTcs aBTOOMHUCCHOH-
HBIM ITyTeM NpH nofade Hanpspkerns 400 kB, gmurensHocThI0 50 HC HAa 670K OCTPUIHBIX SMUTTEPOB U3 AITIOMHUHUS,
Pa3HECEHHBIX B MPOCTPAHCTBE BIOJb OCH MHKEKTOPA. HKEKTOP COCTOUT U3 KOAKCHAIBHO PACIONI0KEHHBIX IMHT-
TEPOB, 3a36MJICHHOW YCKOpSIOIIEH CEeTKU U 3aMeUIIOLIe-IIOBOPOTHON ceTku. Uepes 3ameIfrone-NoBOPOTHYIO
CEeTKY MPOIYCKAETCs TOK OT FeHepaTopa UMITyAbCHOIO TOKA, CO3AAIONIMNA a3UMYTaJIbHOE MarHUTHOE IOJIE, HANpaB-
msromiee B3U Bnons ocu. IIpuBeneHsl aHATUTHYECKHE PACUETHI, ONPEASNIONIE MapaMeTphl U MOATBEPKIAOIIE
BO3MO)KHOCTb TEXHUYECKOW peasu3alyy MoJo0HOro yCTpoicTBa.

®OPMYBAHHS MOCJIJIOBHUX JAHITIOKKIB IOHHUX HAHOCEKYH/IHUX 3I'YCTKIB
JIJIA THXKEKIIIL B JITHIMHWI ITIPUCKOPIOBAY

B.I. Bymenko, A.M. €zopos, b.1. Ieanos, B.Il. IIpuuienos, M.I'. Illynika

Hapasi € rerepaTopy iHTEHCHBHHX 10HHHX ITy4YKiB HAHOCEKYHIHOI TPHBAJIOCTI. 3 METOIO 1HXKEKIIi] TAKUX 10HIB Y
MiHIAHEHA TPECKOPIOBAY Y 1iiif POGOTI PO3TIAHYTO (hOPMYBAHHS TOCIIZOBHOCTI ~10° iOHHHX 3ryCTKIB TPHBATICTIO
20 He, ctpymoM ~100 MA B cymapHHH CTPYMOBHH IMITyJIbC TPUBAJICTIO ~1 MKC. 3TyCTKM BHCOKO3apsIHUX 10HIB
amroMiHito (B3I) renepyrorses aBToeMiciiHuM nuixoM mpu moxadi Harnpyrd 400 kB, tpuBaiictio 50 HC Ha 610K
BIiCTpIHNX eMITepiB 3 aJIIOMiHII0, PO3HECEHUX y MTPOCTOPi Y3JIOBXK OCi IHXKEKTOpa. [HXKEKTOp CKIIaIaeThCsl 3 KOAKCi-
aJIbHO PO3TAIIOBAHHUX EMITEpiB, 3a3eMJICHOI NPUCKOPIOIOYOI CITKU 1 CIOBUIFHIOIOYO-TIOBOPOTHOI CiTKH. Uepes cro-
BIJIbHIOIOYO-TIOBOPOTHY CITKY IPOMYCKAETHCS CTPYM BiJl TeHEpaTOpa IMITYJIbCHOI'O CTPYMY, IIIO CTBOPIOE a3UMyTa-
JIbHE MarHiTHe noie, sike cupsimoBye B3I y310Bx oci. HaBeneHi ananiTHyHi po3paxyHKH, 1[0 BU3HAYAIOTH ITapaMeT-
pH i M ATBEPDKYIOTH MOMJINBICTE TEXHIYHOI peatizarii moiOHOro MmpucTporo.
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