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T.ast time in connection with the problem of linear colliders and
compact high gradient accelerators building the great successes were
achieved in power microwave radiation amplifiers of centimetre and
millimetre wavelength range with relativistic electron beams
application. A linear induction accelerator (LIA) beams were used in

11,21

the experiments with the microwave power amplifiers in FELE and

13,61

The relativistic Cherenkov TWT is attractive in the considered wave

in the relstivistic klystrons

range by its simplicity and efficiency. In comparison with FEL the
relativistic TWT hag a considerable advantage in space exponentional .
gain (it has a large electron-wave coupling coefficient) and it does
not demand large electron energies {space exponentional gain is in-
versely proportional to the electron energy).

Qur first experiments with the relativistic Cherenkov THT have been
done at the Institute of Applied Physics of Academy of Siences USSR
(Gorky) with "SINUS-S5" 151
experiments the annular electron beams with 350+600 keV kinetic energy,

—a short pulse accelerator. In this

1,5+2 kA currents and ~ 5 ns duration were used. The beams were
formed by annular magnetically insulated cathode with explosive
emission. For beam focusing it was used homogeneous longitudinal
magnetic field with strength 10420 kG. The slow symmetric electrical
wave E01ofthe oversized round waveguide with corrugated side wall has
been chosen as an operating one. The input signal at RF wavelength
Jk =8,24 mm was driven into the cperating waveguide through the
controlled attenuater by the quasi-optical mirrer {Fig.1). The space
exponentional gain in a linear regime is obtained by the formula
PR A (1)
e e a7 A '
where g( (in the experiment o& ~1) is determined by particle-wave
synchronism detuning and the beam space charge, }J’, is electron
relativistic factor. Parameter { iz an analogue of the classical
Pierce s parameter:
LAY 10 5 (2
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where I is a beam current, 2{ is an electron-wave coupling impedance.
The parameter values were varied in the experiment in the range

G=0.4+0.55 by varying Z when the electron beam diameter was changed.
The exponentional gain gradient and efficiency calculated values were



enual to 3+4 dB/cm and 20%
accordingly. In the expe-

| riment when the Pierce’s
parameter had the smaller
valve $=0,4 the output

power had a linear depen-

dence as a function of the
input power, hut when
£=0(,5% the cutput power

saturation was observed

Fig.1. Scheme of the experiment: (Fig.2). The measured
1-decelerating corrvgated cylindrical exponentional gain gradi-
-surface waveguide; 2~annular electron ent corresponded to the
beam; 3-magnetic field coils; calculated values. The
4-magnetron; S-waveguide transmission total exponentional gain
lire; 6-guasi-optical mirror; 7-mirror was equal to K]=&8t2 daB
fastening system; 8-mode transformer; in a2 linear regime and
S and 10 —vacuum windows; T1-microwave Ks=hht2 dB ~in & power
absorber. saturation regime. The

peak power was equal to 704100 KW
¢=(55 | with inrut sigual power ~4 kW and
x 80 beam efficiency £+11 %. The radiation
;60 pulse duration was close to the cur—
‘%40 rent pulse duration~4 ns, The effi-
a ¢ ciency value obtained by experiment
X was two times less than the calculated

0 1 2 3 L 5 6 7 Bone that can be evidently explained

P,;,,. KA by EH,, mode admixture at the level
Tig.?. Output power as & 5+10% with the basic power that is
furction of input signal. coursed by imperfection of radiation

input intec the oversized waveguide.
The second run ¢f the experiments that is specified by its grea-

ter clectron beem pulse duraticon, has been done at JINR using one
section of the linear induction accelerater that had been modified
from the section intended for electron-ion ring acceleration.
The blouck diagram of the installation is shown in Figure 3. &
modulstor (2) drives one secction (1) 130 em leng, consisting of
17 inductors. There are two permalloy cores in esch of inductor

c 3 . s .
having the dimensiens 450 x 230 x 2% mwm” . The guviding magretic



field forming system (3)

permits one to produce the

pulse magnetic field with
strength BZ up te 15 kG

and 1.2 ms pulse durati-

& cn in the accelerator

apperture 170 mm in dia-

meter practically witho-—

ut inductor cores magne-—
tizing.
The accelerator section

with the help of tramnsiti-

on chamber (TC) is adjus-—

m

Pig.3. Schewme of the experimental plant.

ted to additional sole-
noid (AS), where diagnostics devices and different electrodynamic struc—
tures for experiments on microwave relativistic electronics may be pla—
ced. The magnetic field strength in AS ié up te 19 kG with 5 ms pulse
duration.

The modulator contains & forming line with linear (8} and non-linear
(2) scetions, three magnctic generator pulse chains for power compres—
sion (10) and commutator-thyratron (11).The peak modulator power wor-
king on the eguivalent load is egual to 7.5 GV.

The electron-enitting source having magnetized annular cathode with
explosive emission is situated in a first third of the accelerator scc-
tion. The graphite cathode (1) and ancde (A} location in the dielectriec
accelerating tube 120 mm in diameter are shown in Figure 2. The voltage
summation with respect to |/3 of the section ie provided by metallic
cathode-holder.

We have attained 1.7+1.8 HV summary accelerating voltage with
1.341.5 kA beam current in the LIA section. The impulse voltage platean
is equal to ~C0 ns (Pig.4). The measured peak energy of accelerated
electrons is equal to 1.5 !leV, peak beam power of 2 &V has been
achieved, maximum eleciric field strenglh in accelerating regime that
was achicved on tne last 2/3 of the section length (ignoring diode) is
10 kV/em.

It has been shown experimentally that the kinetic energy of the
accelerated in the section beam differs from the cerresponding
voltage approximately by an omount of potential difference between
the beam boundary and accclerating tube wall.

The beam cross—section dimension has been measuared in TC and AC
with the help of images on tin-plate. & characteristic image at the

distance 120 cm from the cathode corresponding to the cathode diameter

3



is shown in Figure 5a. The beam compression
in AS has bean accomplished by changing
magnetic field strength on the cathode. In
Figure % b) and ¢) the beam images in AS
obtained in identical condillons except the
acceleration rate in the accelerating
section part (b-acceleration rate is 3%V/cm,

e-7 kV/em) are shown. These images are

O I P illustrating the decresse of the diocotron
20ns instability space inerement undcr the beam
Fig.4. a) Summary acccleration and pessibility of the annular
accelerating voltage clectron beam transportation at a great
pulse; bldiode current distance when acceleration rate is larre.

pulse; c)current pulse
observed at the section

exit.

The LIA experiments on
microwave power amplificattion
have been done with the following

beam parameters: beam energy

5004600 keV, current 0.5+0.7 kA,

pulse duration about GO ns, Fig.H. Electron beam images on
The energy increase and elect-— the tarszet.

ron current decreasse as compared

with the first run of the experiments led to the Pierce’s parameter

lowering. However, inspite of this, the possibility cof thco systen

self-exitation was higher in the second run of the cxperiments because

of the greater current pulse duration. Therefore for parasitic

self-excitation suppression one was forced to use consisting of

two sections TWT microwave absorber providing greater thar in the

first run of the experiments wave damping up to 10420 dB. In =accordance

with calculation in the experiment 1t has been obtained exponen-

tional gain 1.% dB/cm. If the electron energy has been within the

amplification Yband,the microwave pulse durstion was close to the cur-

rent duration. As in the first run of the experiments,the output

emission on the whole consisted of EO,1 wave and smzll addition of

the nonsymmetrical types of waves. Doon,after the microwave filter

made in the form of eylindrical-surface waveguide section,having the

longitudinal slots, letting EO 1 Wave pass and suppressing Hn qraves
H )



(in which the slow waves are converted on the matched transition from
the sorrugated waveguide to the uniform one); has been set into the
output wvaveguide transmission line,the radiation power diminished not
more than on 5+10 % but the field structure and its polarization
began to correspond to the "pure™ 80,1 wave (313.6). The peak radia-
tion power was 25+30 ¥¥ with the exponentional gain 35+38 dB and
efficiency 10 %.

The made experiments have demon—
strated the possibility and rela—
tive simplicity of achieving,in
relativistic Cherenkov millimeter
wavelength range TWT,of large pulse
power {up to 100 MW) with the great

exponentional gain (close to 50 dB)

Fig. O. Still picture of the
annynciation panel glow of ne-

on-filled lamps under the acti-
on cf the output micrcwave ra-
diation.
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3aMHTepPeCOBAHHBHX B NONYYeHHH

BHHMaHHKW OpraHu3auuMi u Jmu,

ny6nuKauHi O6beDUHEHHOTO WHCTHTYTA ALNEpHHX HCCegoBaHU I

TNpunanMaeTca NOMIHCKS Ha MPeNpHHTLI, coobmennn O6benHREHHOr0 HHOTH-
TYTA AAePHLIX Hecltenonanni n "Kpariae coobutemu OMAN

¥craHOBIIEHA CIENYIOINAR CTOMMOCTb NOKIMCKH Ha 12 mecsuer Ha M3TaHAs
QVIAIH, BKMI09aA [IEPECEUTKY, IO OTAEMLHEIM TEMATHUECKHM KaTeropHam

Hemexc TeMaTuKa [{ema non-
TIMCKH HA ol

1. DxcnepyMeHTA HAA GHMINKE BHICOKHX IHEPrMit 10 p. 80 kon.
2. TeopeTHaecKan (HU3HKA BLICOKHX 3Heprauit 17 p. 80 xon.
3. DKCMePUMeHTALHAA HEHTPOHHAA dusHKa 4 p. 80 xom.
4, Teopermueckan i3HKa HUIKHX DHEDIHI 8 p. B0 xon.
5. MaremaTuxa 4 p. 80 kon.
6. flpepHan CIEKTPOCKOMHA M PAXHOXHMMUA 4 p. 80 kon.
7. Du3nKa TIOKENLIX HOHOB 2 p. 85 xom
8. Kpnorensxa 2 p. 85 xom.
9. YexkopHTen# 7 p. 80 xon.
10. AnTtomMaTH3auMA 06paboTKH 3KCNepIMeHTANBHEIX

AaHHBIX . 7 p. 80 xon.
11. BerHcRMTenbHAA MATEMATHKA W TEXHMKA 6 p. 80 xon.
12. Xuviug 1 p. 70 kom.
13. Texuuka GUIEIECKOIC FIKCIEPHMEHTA 8 p. 80 xon.
14. Hecnenopasss TBEpOBIX TEN M XUAKOCTEH

ANEPHBIME METONAMH 1 p- 70 xom.
15. OxenepHMeHTATHAA PHUNKA ANEPHEIE PeaKIi

fpPHA HUAKHX SHePI'HAX 1 p. 50 komn.
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17. TeopHA KOHIEHCHPOBAHHOIO COCTOAHMA 6 p. 80 xon.
18. Henonkzopanue peayneTaToB ¥ MeTOAOB hyHOAMEH-

TANBHLX (PHIFMECKHE HCCTeAOBAHNN B CMEHbIX

O06GNACTAX HAYKH ¥ TEXHMKH ) 2 p. 35 xom.
18. Buoduzpka 1 p. 20 kon.

"Kparsme coobmenna OHAN” 5 p. 00 xom.

Hoarmexa Moxer 65ITs 0GOPMITEHa ¢ M0GOr0 MECALA roaa.

OpraHusaliaM M JHISM, 3aMHTEDECOBANHLIM B [ONYYeHHH HafaHmMil OHfAH,
CREAYeT mepeBecTH (WNK OIMDABATH N0 NOUTE) HEOGXOZMMYI CYMMY HA pacyeT-
HLOY cver OWAHN N 608161 OI1Y npu [pomcrpoitbanxe CCCP, Mocxna, yxazan:
*’3a noamHCKy ua wazanma OHAHY.

Bo nabexcazine negopasymeHnil HeOSXOAMMO YBENOMHTE HaNATENBCKHI oTnen
O NMPOHABENEHHOH OIVIATE ¥ BEPHYTh B €r0 anpec 'Kaprouky HoanucuuKa’, oTMe-
THB B He/l HOMEPA H HAIBAHHA TEMATHYECKHE KaTeropuil, Ha KOTOphie ohopmaner-
CA IOAIHeKA.

OB1enuHeHHRDE HHCTRTYT AHSPHBIX HCCTENOBAHM Gyner pacesutate ceoM my6-
FUKAIH TOILKC  TeM OPraHuSAUMAM H HIAM, KOTOPBIE 0BOPMHUIH MOAIHCKY.



AbyGaxupor 2.5, u op. E9-90-407
DopMHMpPOBaHHE H YyCKOPEHHE CHIBHOTOYHOrO TpyHuaTore nydka
anexTpodor B JIMY u nonyuenue moumoro CBY-usnyuenusa

. MHUTMMETPOBOrO [HANazOHa B uepenkosckoit JIGB

CoanaHa H 3KCOEPAMEHTAIEHO UecnedoBaHa cexima JIMY ¢ cMnbHEIM BeNy MM MATHUT-
HbIM monem (xo 1,5 Tmn), ¢ BBIXOOHOH MOWHOCTE B nyuke no 2 BT npu nnurensHocTh
Hmnyisca 60 ue. Temn wabopa sneprun cocrabiager 10 x3BjcM npu Toke nyuka no 1,5 kA,
B JIHY wucnonssosan TpyGuaThlii B3PHIBOYMHCCHOHHBEA 3aMArHMYEHHBIH KaTtof, IKCnepd-
MEHTAJILHO YCTAHOBNEHA DONbIIAA [UTHHA TpaHeropTHposku (1,5 M) nyuka Ges yxymmeHus
KauecTBa NyuKa [IPH BRICOKOM TeMe HaGopa sHepruu. Ha Gaze JIUY u CHIILHOTOUHOTO MOMA
TIpH BBICOKOM MPCCTPaHCTBEHHOM Ko3cdhdguuuenTe YCHISHHA B DeAATHBBCTCKHX YePeH-
kKoBckuX JIBB MHIITHMETPOBOro AMAIA30HA DOCTHIHY ThI MomHoeTH 30 + 100 MBr.

Pabora semonnena B JlaGoparopuu cBepxBricokux 3ueprud O,

HpenpruT O5BEMMHEHHOTO HHCTHTYTA ANEPHBIX Hcenenosanui. [yGua 1990

Abubakirov E.B. et al. E9-90-407
Generation and Acceleration of High-Current Annular Electron Beam

in Linear Induction Accelerator and Generation of the Power Microwave

Radiation from Cherenkov TWT

The section of linear induction accelerator (LIA) with a strong guiding magnetic field
(up te 1.5 T), with output beam power up to 2 GW and beam pulse duration 60 ns is crea-
ted and investigated by experiment. The beam energy gain is equal to 10 keV/sm with the
beam current up to 1.5 kA. In LIA the annular magnetically insulated eathode with explo-
sive emission is used; the large length of the beam propagation (1.5 m) without spoiling of
the beam with high beam energy gain has been established., The microwave radiation power
about 30 + 100 MW has been achieved from relativistic Cherenkov travelling wave tube (TWT}
with high exponentional gain on the basis of L1A and high-current diode.

The investigation has been performed at the Laboratory of Superhigh Energies, JINR.

Preprint of the Joint Institute for Nuclear Research. Dubna 199¢




9 kom.

Pepaxtop 3.B.HBamkepuu, Maxer I, A . Kucenepoii,

Toamucano B nevary 11.09.90.
dopmart 60x90/16. Obcernan nevats. Yu. - Mag. aucros O .57,
Tupaxk 330, 3akas 43727,

—
Hapatenscxuit ornen O6beAMHEHHOTO HHCTHTYTA AREPHBIX HCC/IEN0 BAHMIA. ,
Jy6aa Mockorckoit 061acTH. ————



	1
	2
	3
	4
	5
	6
	7
	8
	9
	10
	11

