OPERATING PERFORMANCES AND CURRENT STATUS OF
THE LASER INJECTOR COMPLEX FACILITY (LIC)

M.l. Ayzatsky, E.Z. Biller, A.N. Dovbnya,V.A. Kushnir, V.V. Mitrochenko,L.V. Reprintzev, and D.L. Stepin
National Science Center, Kharkov Institute of Physics&Technology(KIPT),
310108, Kharkov, Ukraine

Abstract - reduction of amplitudes of TEM waves which are exited
by high-intensity electron beam and lead to emittance
Paper is dedicated to description of the operatieghancement or even to shortening of pulse length (BBU
performances and current status of the Laser Injector Compiestability);
Facility (LIC). This linac was constructed for investigation of - the feasibility of intense electron beam acceleration with
physics of the high-brightness electron beam forming aswmhall radial dimensions with the minimum number, or even
acceleration. The linac consists of a multipurpose RF gun ahdence, of external focusing elements.
a novel acceleration structure. LIC can be operated with

microsecond (thermionic emission) and nanosecond (laser Table 1
stimulated emission) duration of current pulse and energy|abperating mode 4n/3 (2/3)
electrons 13-20 MeV. In thermionic regime we have obtaing¢q ength (m) 231
electron beam duration 0.5¢, beam current about 1 A anq pisk hole diameter,2(cm) 5
normalized rms emittance about 20nm mrad. The results of [ pigk thicknesst (cm) 5
experimental measurements of beam performances are giv§Mberiodic lengthD (cm) 7 145
. Attenuation,o (1/cm) 2.44 10
Introduction Group velocity 0.0&

LIC, ( Linear Injector Complex ), facility was developed Freguepcyf (MHz) 2797
and constructed in view of forming and acceleration of high Shunt mpedance (for fundamental spaci.3/11.3
brightness electron beams. This R&D was to be followed )harmon!c ampll|tude/for synchronous space

armonic amplitude), (Megohms/m)

beam research in the following arias:
- ultra - short wave generation;

- wake-field generation in plasmas and other systems; The most attractivg was the gccelerating structure
- relativistic electron beam focusing in plasmas; STRAM-90 (the abbreviation standing for STRucture

- testing of the diagnostic equipment developed within tA€celerating Modified) developed at NSC KIPT which has
framework of the VLEPP program. been designed to accelerate intense short -pulsed electron

The electron energy at the accelerator output was to5&ms in the stored energy mode at moderate values of RF
15 to 20 MeV which is sufficient to carry out the aboveOwer input values (R15:20 MW) [4,5]. This structure
programs. One of the major factors taken into account durli§ggresents a disk-loaded waveguide with the period being two
development of the facility was limitation of the RF - powdfmes higher than that in the disk-loaded waveguide w8 2
(20 - 25 MW) obtainable using the available klystron KIU-127.‘°de- Pgrucle acceleration in such structure is made py the
LIC accelerator complex was commissioned during 2 yedifst spatial mode of the electromagnetic wave propagating in
(1991 - 1992 ). In 1994, the facility was shut down in order 3¢ opposite direction to the electron beam. Beside increasing

reconstruct the injector and assemble experimental device'fh charge value, which can be accelerated in the stored
the area of plasma physics. The work was renewed in 1995€nergy mode, the STRAM-type structure has the RF-focusing

lts basic components are an RF-gun [2,3], tiing to the presence of a large non-synchronous spatial

accelerating section, beam steering and its focusing elemen@de [6,7]. .
beam diagnostics, cooling water system and control elements. The period increase also leads to a considerable
The RF system includes a Klystron with the maximum pow&duction in the TEM-wave generation, since the particles are

operation up to 25 MW, a set of waveguides, controllagignchronous with higher spatial modes of these oscillations.
phase shifter and attenuator. However, employment of such a structure in the linac

Having in view the multipurposeness of the facilitynder development was hampered by two factors. The first

under development, we brought out the following maj&ne peing in_ the fact that due to a small shunt impedance at

criteria which were taken into account while choosing tit@e first spatial mode there was the necessity to make use of

necessary type of the accelerating structure: the traveling wave resonant ring in order to increase the
- the feasibility of acceleration of beams with high Charj)@celeration gradient. The second one was the structure losing

in the stored energy mode at moderate values of RF-poler advantages during transiton to the single-bunch
input (P~ 20 MW); acceleration mode [4]. We have developed a new version

STRAM-91, producing acceleration at the first spatial mode,



but having both an increased value of the accelerating figldial part of acceleration process. We connect this fact with
and a low level of higher mode amplitudes irradiated Wblye smallness of accelerating field amplitude at the entries of
particles [4]. This was achieved by making use of unusuatlyr section. Under such conditions a strong phase movement
thick disks with large values of the coupling hole. can take place at sufficiently high energy of the injected
Major parameters of this section, developed amdectrons. Under optimum conditions the length of bunches
fabricated at NSC KIPT, are given in Table 1. The dispersioan be strongly reduced (from%&t the exit of the RF-gun to
characteristics measured at a six-cavity assembly are gived°ii7°- at the exit of the accelerating structure).
Fig.1. Very interesting are the results of radial motion. As it
ss00 1 b MH2 have been mentioned in previous papers [5,6], in the
5000 accelerating structure under consideration there is RF-focusing
4500 | and at the accelerator exit we should have converging electron
2000 beam. Besides, we modeled various accelerator operation
HEn modes and beam relationship vs. different parameters in order
Efn to compare them with experimental results.
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Fig.1. Dispersion characteristics of STRAM-91 ) . ) )
Experimental studies in the operation mode of forming

The beam characteristics measurement system condBd acceleration of single picosecond pulses require utilization
of two pulsed beam current monitors, a magnetic partia very complicated and costly laser system. Over and above,

energy analyzer, a unit of movable slot collimators, Al studies on wake-field generation in plasmas in 1995 called for

screen with a TV camera and a multi-sectional Faraday CB ams of microsecond duration. In this connection, research

Beam emittance measurements at the linac exit are perfon‘ﬁ' Y accelerator characteristics during the initial stage was

by the three gradient technique. A quadruple lens is used $8P€ & E‘ rgigroseconfq bgaﬂj rilurﬂ:‘lnt pulse. With this in mhincjj,
this purpose together with the particle spatial distributigfi® 9un had been outfitted with a thermionic emission cathode

monitor, placed at a distance of 2m from the lens, a m in diameter [2]. The RF-tuning provided for the equal
consisting of a set of moving slots 0.3 mm wide. In order j§1d strength in the first and second cavities which is optimum
make estimations of the transverse d.imensionsp;/Sbreen in case of the thermionic emission cathode at field strength

with TV-camera as well as a sectional Faraday cap consismﬁjde Ithe C‘Z\;'ty of 2|5 to 30 MV/m'. . | .
of several coaxial ones are employed. n stable accelerator operation regimes (pulse repetition

rate <6.25 PPS, current pulse durations, RF-power input
~1.8 MW) the typical current pulse amplitude at the exit was
1.5 - 2.0 A. With an optimum phasing of the acceleration
At all stages of the accelerator developmeﬁteCtion the output pulsed cu_rrenF was 1- 1.1A mak?ng the
calculations were performed both analytically and as complﬁgpture rate near 70% which is in a_ccordance _W_'t_h the
simulations. In this way, during development of thg}alculated data. Experlmentally showp is the possibility of
acceleration section its geometrical dimensions wefdrrent pulse reduction at the linac exit from 2 to Qi&3y

calculated, as well as basic RF-characteristics for operatioHVQY _Of decr'ea'sing of RF-pqwer input or increasing of cathode
ating. This is accompanied by particle energy decrease at

47/3 mode. Besides, the calculations were done of the part f it d b loadi 4 onlv th )
dynamics in the sections allowing to evaluate the degreeldt 9Un €xit due to beam loading, and only the most energetic
electrons become involved in the acceleration process.

RF- focusing and peculiarities of wake-field generation. X X
In the experiments was observed a ramp in pulse

During designing of the gun, in order to optimize its ¢ RE dad f field hin th .
resonators and determine the beam characteristics a se(t\uf)rient 0 -gun and a drop of field strength in the cavities

calculations and simulations (the SUPERFISH ary account of the electron back bombardment of the cathode

PARMELA codes were used) was performed. In a mo%grface. This phenomena was studied during the experiments.
detail, the calculation results are given in [3]. From tHbwas found that at a pulse repetition rate exceeding 6.25 PPS

calculations it follows that the gun can be used successfﬂiﬂ overall average cathode surface temperature wer_1t up
both in photo- and thermionic emission modes. above 90C which called for a decrease of the heating,

In order to study the particle dynamics in th['gading under certain RF-power input conditions to an

accelerator using the numeric simulations within tH&Stable gun operation. _ o
PARMELA code a model of the entire accelerator was An analysis of the particle energetic distribution at the
constructed including the RF gun, beam-forming elements api¢ eXit showid that at a pulsed current ~1 A and .p.ulsel
the accelerator section. At first stage we began to study @sation 1:4“Sht E_ ehnergy spectrum pr?ssehsses afn haddltlona
thermoemission regime with long pulse duration. Preliminafy2XImum in the high-energy region. The shape of the energy
results show that despite of the high injection energy-{W spectrum is determmed by partlcle energy coherent losses
MeV) there is a strong phase movement of the particles at ({lpl%am current loading). In this way, Bt1.05 A the mean

Calculation Results



energy was 13.5 MeV, the width of the integral energy Conclusions

spectrum 7% (Fig.2-1), while the width of particle spectrum

distribution, as they were injected into the section aftens-1Thus, NSC KIPT has built and put into operation a

from the beginning of the pulse, did not exceed 3% (Fig.2-2)nultipurpose accelerator facility for R&D purposes. Our
For the same accelerator operation regime a thsdmulations and experimental data allow to state that

gradients method was used to measure beam emittance. Frombination of an RF gun with the accelerating section

this measurements it follows that in the vertical plane thperating at the 1-st spatial harmonic makes it possible to

integral (during the entire pulse) normalized emittance wagate injector accelerators with a high beam brightness. The

26 m-mm:mrad. During emittance measurements in the vicinispibsequent research on particle dynamics in the accelerator

of the temporal point 0 Gelanits should be continued in the direction of studies on the radial
corresponding to  the!'7 dynamics and clearing out the conditions to provide at the
current maximum (~Ls 8 linac exit for intense beam production with the minimum
after the beginning of thes emittance. Over above viewing to employ LIC as an FEL
pulse) this value did not+ I driver, we are planing to increase the current pulse duration to
exceed 16r-mm-mrad. 02 ) 8 - 10us.
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excitation in plasmas of various density is carried out at the

accelerator. Having this in view, an experimental device was

assembled at the accelerator exit, including a coaxial plasma

gun (plasma density being1010° cm®) and a diagnostic set

for plasmas and the wake-field. During the assembly, the

problem was solved of in-vacuum separation between the

accelerator part of facility and its plasma-relation portion.

Taking into account the fact that the beam has small

dimensions, an extended collimator was placed at the

accelerator exit (4 cm long, 4 mm in diameter), as well as

auxiliary vacuum pump. Such a set up allowed to maintain the

necessary vacuum condition in accelerator during plasma gun

operation. Particle losses in the collimator do not exceed 10%.



