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Mhstract

Experimental results os proton acceleration In resonant RF
structures excited by the modulated electron beam are presented. The
electron beas movisg Ip z-direction is used for proten focusing as
well. Two versions of the proposed proton accelerator with different
power levels of electror and proton beams are considered.

Introduction

The first works devoted to Electron Beaz Focused Iop ( EBFI )
Lizse - a new fleld of accelerator physics - were published in the
fifties-sixtles [1.2 ]. The idea of EBFI-Linac is the following one
A space charge of the electron bteae, wmovieg in z-direction in the
ion linac, compensates the defocusing strength of the accelerating
field and the ion space charge. The electron ‘beam is held by
longitudinal magnetic field. The pecessary value of this wagnetic
field is much less { 20-30 times )} as compared with the ion
focusing without electron beaw. On  the ome hand, electron bean
creates the symaetrical iransverse focusing  forces  whick  are
especially important fin the low lon velocity range. 0On  the other
hand, there !s not any lieits on awtophasing in the EBFI-Linac.

These attractive feateres defined the advantages of the EREFI-Limac
at  the first stage. At the second stage of the EBFI-Lipac
development it has been realized the excitation of the accelerating

structure { AS ) by the focusing electron beaw [ 34 ] . Generater
function of the electron beam permits to get rid of RF geserator,
feeders and tuning systems

Two versions of the EBFI-Linac with different power levels
of electron aod ico beams have been developed. The first wversion
was proposed and desigaed in  the Moscow  Engineerisg  Physics
Institute and the second ope with the higher energy parameters - in
the Koscow Radiotechnic Tastitute

The Accelerating Structure Exciistion

The wmost complicated problem s providing for an effective
interaction of the electron beam with AS at the necessary BF aode.
First , for this purpose it was proposed to use non-modulated
electron beaa, but, as erperimests showed, it is insoluble because
of the grest ozusber of BF smodes in AS.

In the first version the prelimicary buoching of  the
elecbron beam has been realized by wmeans of the two gaps splral
resonator [ 5 ]. The buncher design bhas possibility tc bring up
pegative high potential to the resonator, ‘that peraits to  reduce

the rnecessary drift space and to raise maximsmw currest of the
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modulated electron beem. The buncher can operate with the
from BF generator or without it on the self-excited wode.

In both versicns as AS for the EBFI-Linac it has  bees
choser the Yind of interdigital structure, which was imvented in
the Hoscow Ingineering Physics Institute [6]¢( Fig. 1a )
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Fig. 1. Accelerating structure ( 2 ) and electric field harmonies (b }.

An  impertant  feature of this  structure i3 polyharmonical
distribution of the electric field iz it. DBesides the slow harmonic
of the electric field which is responsible for the ion acceleration
and defined by the drift tubes srrangement period, there is the fast
hareonic arising due to the grounding supports of the longitudinal
vibrators. The fast harmcnic can be used for AS excitation. Both
harmonics are shown in Fig. th.

The First Version of Linac

Design

The first version of EBFI-Linac is illustrated in Fig. 2.

The ion beam is produced In the duoplassatron 1. The focus
of the electrostatic less I is situated in the plaze of the
electron gun ansular cathode 3, sade of lanthanue hexsborid. A wesk
magoetic field in  the cathode region is used to ensure the
adiabatic fccusing of the electrop-ion bear in the compressive
section[7], where the Yeam diameter decreases frow 30 mm to § mm,
Then  the  electron - ion  team enters the electron  buncher 6
cperating cn the self-excited mode. In the accelerating structure 7
the sodulated electron beam interacts with the fast harmenic of the
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Fig. 2. Schepatic drawing of the first version of EBFI-Linac.

electric fleld and ezcites RP  oscillations which are accelerating
for the ioms. The frequeacy of the electron beam wodulation s
chosen close to the resonant frequemcy of AS ab the aecessary BF
sode. The electron beam is focused by the pulse magnetic coils 8.
B®  field asplitede s costrolled by the coupling element 8.
Deflector 10 with the maguetic fleld applied along X-direction
separates the lons and electrons. The electror beam is deflected in
T-direction to hollow cylindrical collactor and, at the saee time,
the ions move along I-direction toward the foll spectrometer !1.

The EBFI-Linac maiz parameters are giver fn the Table 1.

Experimental Results
Fig. 3 shows the epergy distribution of  the  protoms

accelerated in EBFI-Linac with electron beas excitation ( solid )
and with only exterpal RF power supply { dashed ).
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Fig. 3. Bnergy distribution of protons accelerated in the first
version of lirac with electron beam excitation ( solid } and
vith only externsl BF power supply ( dashed ).

It should bYe noted, that both distributions are fn a good
coineidence.

tadle 1. The EBFI-Linac maln parameters.
Parameter Versios ! Version 2
Proten besw
injection energy, XeY 70 - 80 220 - U0
final erergy, el 1.08 0.8 - 13
carrent, mA $-10 g - 60
diaseter, = 15 -
Pulse length, /As 50 !
Bepetition frequency, Bz 1
Electron bean
energy, ke¥ §0 - B9 170 - 200
curreat, A 20 200 - 809
Magnetic field, 1 6.15 - 0.25 0.25 - 1.5
Accelerating resomator
resonsnt frequency, ¥Hz .2 185
Q-factor 150 1000
shurt {mpedance, HQ¥/m 42 -
RF power level, XV 50 1000
diapeter, = 0.2 0.3
length, » 0.74 0.8
aperture, 15 30

The Second Version of Linac

Design

The second version of EBFI-linac was developed to verify the
possibility of the accelerated proton besm current increasing. The fon
source, electron gur and electron buncher were dore as shomn fn
Pig. 4. The explosive cathode 1 1is produced ia form of graphit tube
with the sharp edge. HKagnetic field isolation of the cathode-anode
gap is provided by the pulse mageetic coils 2,3. The maguetic
tield is grovn froa 0,25 T on cathode to 15 T on anode.
Accelerating voltage applied to the cathode is 170 - 200 keV, the
electron beaw current is 200 - 800 A, the electron beam pulse length
is 2 - 3}45. The electron beam diameter decreases from 37 ss on the
cathode to 15 mm in the anode hole.

The electron beam buncher 4 is a two-gap resomator [8] with
the drift tube 5 mounted on two adjustable /4 co-sxials 6. In the
drift tube length calculating the effect of the space charge slow
wave phase velocity slowlng-down (9]%5 taken into account because
of the very high value of electrox gun perveasce and commensurability
of the electron bean currest with the critical vacows corrent [10] .
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Fig. 4. The electron-ion injector asd the electron buncher of
the second version of lirac

The optimez drift tube lepgth 8 is  atout 21 c@  for  frequemcy
185 MHz. The drift tube apperture s 30 mm.

The ion scurce, AS, separator asd lon hean
of the sase type like ip the first version of lisac, hut  soze
parazeters were changed [ see Table 1)

spectremeter  are

Erperipental Results

Whea the buncher operating on the self-ezcited mode &t the
frequercy 185 MEz [ closed to AS rescnant frequency ), the 20% zodulation
of the electron beam waz achieved. The buncher self-excitation takes
place sben the electron ‘Yeam current i3 in the remge 300 - 506 4
and the energy iz near 200 keV. Dissipatsd in 85 RY power level s
up fc LMWL

The accelerated ios currest, seasured by Faraday cup, screened
by ome or twe aluminium foils with the thickmess AA}am, is equal to
60 = fﬂ' energy range abo 8 Me¥ and 8- 10 ek for energy range
above 1.3 MeV. The ezergy calculated is 1.5 MeV. The sigaal oscillograms
are shoun ia Fig. 5.

jons  carried

The lnvestigal
ibility  of  the

proved the poss

electron beam focusitg and generator
The abseace of the extermal B power supply  perzits 4o
sieplify the accelerstor desigs, reduce the cost and zake Pt more

reiiable.
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Tig. 5. The sigasls oscillograzs showing { & ) accelerated protons
currest cn the Faraday cup scresmed by foil, (b} proton current
vao the foil, (o) acceleratisg ressmator BT power pulse
v d ) the elestron buncher BT gpowsr pulse
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