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Abstract 2 PIVAIR FACILITY DESCRIPTION

Designed to produce an X-ray dose of 500rads @ 1rr} The construction of PIVAIR installation started
AIRIX flash X-Ray Radiographic facility will consist of 4 & CESTA In 1994 with the injector assembly and testing.

MeV/3.5 kA pulsed electron injector and 16 MeVUsmg a velvet cathode as electron source this generator is

induction accelerator powered by 32 H.V. generatorgble to produce in routine 4 MeV/3.5 kA beam with an

. energy spread less than
Construction of PIVAIR accelerator (8 MeV AIRIX . .
prototype) is now ended at CESTA.The injector has beg %.over 60 ns pulse duration. By the .end of 1995 eight

duction cells were connected to the diode and last year

connected with 16 accelerating cells in order to stu :
beam transport and centering procedures. Accurate,ti other modyle of elght. cells was added. Al _PNAlR
s are designed to deliver the same acceleration to the

resolved diagnostics have been used to measure b . : :
characteristics and a tickler experiment has been plan ok (250 kev) but they differ by the insulation

to estimate BBU instabilities. In this paper aIItechnologyused in the high voltage region: eight cells use

experimental data recently obtained will be discussed afl 0|I-|n|sulat1.ted ferrlfte c?rte artlﬁ a trr(]atlcula}lted polystyrenet
first conclusions for AIRIX will be given. as accelerating gap insulator, the other cells use vacuum to

insulate ferrite and consequently no gap insulator[1][2].

1 INTRODUCTION In_flqence_ of 'Fhese configurations on beam
characteristics will be discussed below.

After four years of experiments on PIVAIR

prototype at CESTA,AIRIX flash X-ray radiographic 3 BEAM MONITORING

machine is now under construction and will be

commissionned by CEA at Moronvilliers in 1999.This

installation will generate an intense bremsstrahlung X-r e i

pulse of 500 rads @ 1m using an electron beam of 3. ree BPM are placed at the injector output on the drift

kKA/4 MeV produced by a pulsed diode injector an(&u e and one BPM after each block of four cells. Specially

accelerated up to 20 MeV by 64 induction cells driven q evelotpedd f:’r th's applltca.téon,th.ety usbe four elgctrlcéal
32 H.V. generators. ops to determine centroid position by measuring

fljeld associated with the beam .

Final design of AIRIX has been decided this yea
on the base of performances obtained with PIVAIR Tests performed on PIVAIR have demonstrated a

accelerator after a series of experiments involving electrg‘?oIUtIOn 0f+200 um and a sensitivity of 20m .The

Beam transport along the accelerator is
ntrolled by seven Beam Position Monitors (BPM).

beam. At first, high voltage tests performed on this facilit ar;]dwildth V\t/)as limited to .300 dMHsz_by thef inteAg:fgalt)(()r
have permitted to choose generators and induction ¢ fhnology but was considered sufficient for :

technologies: the results of this work are presented ml-_g)w;e_ver, webhave observed atgecre?\steh of elecltront pulze
companion paper elsewhere in this conference[1]. rise ime as beam progresses throug € accelerator. As

Then, electron beam delivered by PIVAIR has§hown on figure 1 rise time was 25 ns at the injector exit

been extensively characterized by using time resolv d 1(_) ns after 16 accelerating cells. We think that Fh's
diagnostic equipments in order to measure beam positi ’ect is due t(_) the loss of low energy electrons during
energy and emittance. During these experiments, a bellA['SPort If this phenomena grows W't.h the _number of
transport and centering procedure has been defined S on AIRl_X accelerator’. BP.M bandwidth wil have to
tested with success along the accelerator. e improved in order to maintain the same resolution.

Finally, a tickler experiment has been carried out An optical diagnostic is also used on PIVAIR to

with 8 induction cells in order to estimate the BBLE"O”';W beam posmont a}n((:j helﬁ bT_arrr:t cententn%. It is
predictive capability of numerical models. ased on measurement ot Lerenkov light generate

All experimental measurements made to date on
PIVAIR will be summarized and discussed in the
following sections of this paper. Section 2 will describe
the facility and sections 3 to 7 will discuss the beam
experiment results.
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beam position is measured at the output of the same block
for different sets of cell trim magnet currents.From these

measurements ENV code determines current values that
allow centering at the block exit.The same procedure is

applied to the next block.

This step by step tuning method has been tested
with success on PIVAIR giving a centering accuracy of
200 um. It will serve as a basic procedure for AIRIX
beam transport.

e ' 0 2I|:| 4'0 G'D sll:u ' 1é|:| ' 1é.|:| ' -0 5 BEAM ENERGY MEASUREMENTS

na t Fi Beam energy has been measured with a time

gure 1: Beam profile at injector output (1) and acceleratre?sowed spectrometer placed at different locations along
out ut.(2) e accelerator.This apparatus described in a previous
P ' paper [3] is able to measure energy spectrum with a very

) . 0
by interaction of electrons with an aluminized PET plastigIgh resol_ut|on (0.2 %) by_ means of an electromagnet
oupled with an array of optic fibers and a streak camera.

foil. In this diagnostic the light is imaged with a streak Maximum energy measured at the output of the

camera ;[/(\)lge;g\}:amec(r)?nsg;i?j mreezzlﬁrsené?:;h for bea sixteen PIVAIR in_duction cells was 7.2 MeV, this value ig

. . . Tss than the design value of 8 MeV because accelerating
position by_Cerenkov diagnostic and BPM. Currently a ulses on Rexolite cells were limited to 200 kV to avoid
1.5 mm discrepancy was observed between the t‘&?gh voltage flashovers
methods; but due to calibration difficulties, it was The spectrum'profile has been compared with
impossible to evaluate independently the C(_:‘renkos\f)ectrum obtained at the injector exit (figure 2). Both

method accuracy. exhibit an energy spread aroundl% peak to peak over

As this diagnostic is not suitable at energy h'gheéo ns beam duration. Nevertheless, we observe on the

than 10 MeV,we have developed for AIRIX ano'[he[’;lccelerator spectrum a slight broadening of the trace

optical diagnostic using Optical Transition Radiation hich is not vet explained
(OTR),phenomena which occurs when a charged partic™ y P '

crosses the interface between two medium havir 38 7

different dielectric indices.Tests performed on PIVAIF

with the same PET foil were very satisfying. =
Unfortunatly,optical diagnostics are interruptive = 5 5 -

and their absolute accuracies are not known so they . g
only utilized for rough beam centering. However, the *
allow measurement of beam profile which is of a grei
interest for emittance evaluation.

4 BEAM TRANSPORT AND CENTERING

PIVAIR beam transport and centeringis@ 79 ~
carried out with an iterative method that involves bot =
experimental measurements and calculations made with
envelope code knows as ENV.

The procedure begins with optical measuremen
of beam radius at the injector output for different sets «
anode magnet currents.The results permit to dedu
numerically initial beam characteristics 1.0
(diameter,envelope slope,emittance) which are used
data entry for ENV calculations of cell guiding magne
currents.These values are choosen in order to transport 6.9
beam at constant diameter. Typical beam diameters ] ! ! !
PIVAIR are 72 mm at the cathode and 40 mm in th )
accelerator. . Fi

Beam centering is realized every block of 4 cellgure 2. Beam energy spectrums at injector output (3.55
using ENV calculations and BPM measurements.Electrdfie V) and 16 cells accelerator output (7.2 MeV).
beam is first centered at entrance of block n°1 with the Another series of experiments have been
help of dipole trim coils placed on the drift tube.TheR€rformed at 5.5 MeV in order to compare spectrums

nergy ({Me\f}

(AN
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measured after acceleration with Rexolite cells anibte that in both cases the emittance is low.This result
vacuum cells.No significant difference was noted betweegrees well with calculations made for PIVAIR cells.
the two technologies(figure3).

7 BBU EXPERIMENTS

Yacuum cells Design of PIVAIR cells have been made in order
to limit development of BBU instabilities by minimizing

£5 the transverse impedance of the accelerating gap.

' First series of experiments using the two wires

method have confirmed the transverse impedance

£y predicted by PALAS code for both technologies used on

' PIVAIR.

The goal of this new experiment was to validate
£3 the BBU calculation code SITAIR by measuring, at the
' exit of eight Rexolite cells, the amplification of beam
transverse oscillation initiated by a tunable tickler cavity.

Typically we have measured initial oscillations of
] 30 60 90 120 0.06-0.1 mm for frequencies ranging from 700 to 900

t (ns) MHz.The cavity was excited by a 3 kA /3.6 MeV beam
and driven by an external 23 W rf source.The magnetic
guiding field was set around 300 Gauss.In these
conditions we have observed a maximum BBU gain of 8
g5 | at 780 MHz. To date the best agreemerit506) with
SITAIR code was obtained for a transverse impedance
real part of 80@/m.

64 To complete this work we must now calculate the
imaginary part of transverse impedance that will optimize
the fitting of experimental data with code calculations.

856
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CONCLUSIONS

0 =0 20 50 150 Thousands of tests realized on PIVAIR since
1994 have demonstred that technologies of accelerator

tins) sub-systems are adequate for AIRIX. Electron beam
Figure 3: Energy spectrums obtained after acceleratigRaracteristics predicted by the numerical codes have been

with Rexolite or vacuum cells. obtained; but we must verify that they are sufficient to
achieve a small radiographic source size after focussing
6 EMITTANCE MEASUREMENTS on tantalum target. This work is in progress at CESTA and

Emittance has been determined using the thr¥éll be ended this summer.
gradient method by measuring the beam radius at the

injector output for different sets of extraction magnet REFERENC,ES
current.The data have been fitted with ENV envelopd] AIRIX Prototype Technological Results at CESTA
code to obtain normalized rms emittance. P.Anthouard et al.,CEA-CESTA,Le Barp,France

Experimental results show that emittance value Proceedings of this conference
depends on the optical diagnostic (Cerenkov or OTH3] Status of the AIRIX Induction Accelerator
used to measure the beam radius. For a 3 kA/3.6 Mev P-Eyharts etal.,CEA-CESTA,Le Barp,France
electron beam we have extracted the following emittances; Proceedings of PAC 95,Dallas,May 1995
&, rmdCerenkov)= 786.mm.mrad [3] AIRIX Alignment and High Current Beam
én rmdOTR)= 700m.mm.mrad Diagnostics
The same experiment was conducted at the D.V|Ilate'et al..CEA-CESTA Le Barp,France
accelerator exit but varying the guiding magnet current on Proceedings of PAC 95,Dallas,May 1995
the sixteenth induction cell.In this case beam energy was
6.2 MeV and measurements have given the results
mentioned above:
&n,rmd Cerenkov)= 130@&.mm.mrad
&n,rmd OTR)= 700r.mm.mrad
Although the difference between emittances
measured by the two diagnostics are not yet explained we
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