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Abstract teams into account [3], [4], [5]. The plasma chamber is
. cylindrical, with a 90 mm diameter and a 100 mm length.

be a prototype source for high power proton and deuterosr?th ends of the plasma chamber are lined with 2 mm

C : ick boron nitride discs. The RF signal is produced by a
accelerators. The aim is to achieve beam currents gre & \W maanetron source at 2.45 GHz and is fed to the
than 100 mA at 95 keV with rms normalized emittancé’ g X

.-Source via standard rectangular waveguides with a four
lower than 0.2t.mm.mrad. Installed at CEA Saclay, this twb automatic tuning un?[ A threeg section ridged
ECR source delivered its first proton beam in July 1996, id o : I. d b h |
In February 1997, a 107 mA CW beam has been extracteg. o d€ transition s - place etween the plasma
throush a 8 r’nm diameter extraction  a ertur(‘:ehamber and the cooled bend to enhance the axial RF

- 9 : P field. The RF window is located behind the water cooled
(J =213 mA/crf). A microwave power of 900 W at

2.45 GHz was needed. Diagnostic hardware, first beabend in order to be protected from backstreamed

Sectrons. The magnetic field is produced by four coils
measurements and last results are presented. " .
tuned and positioned independently.

1 INTRODUCTION All these components are placed on the 100 kV high

A wide range of activities is presently being undertaken g?ltage pIatfprm with the ancillary -equipments. The
the CEA in the field of high power proton or deutero e’ ?uPp“eS are controlled by a computer through
linear accelerators. We are now studying the CW IPI—ﬂptlcal fibers.

demonstration project [1]. This accelerator will consist c*

the ECR source presented in this paper, an RFQ anc [

DTL up to 10 or 11 MeV. The main applications of this M ‘ij;‘[j‘;ie fl w' -
kind of accelerators are the production of high flu; (i ‘ + Wien filter | I & profiler
neutron beam for spallation reactions (TRISPAL, APT ;CQD - M Faraday cup [1| acor ML 7/ Beam
ESS), the international IFMIF program and nuclear was N Thle e ] ”" "‘M‘ e/ stopper
treatment. 1| w6 == I P
In 1994, it was decided to develop a new ECR proton 1 | ™ | o ol n""""*, 1-1e
deuteron source and a 3 m Low Energy Beam Transp: ____&= + | h .t Hol/ ‘L
(LEBT) to analyze the beam characteristics. We choo: /™ j, - 1
this source-type for simplicity and reliability reasons a ~— % j' ;
demonstrated by Chalk River National Laboratory an J — M ‘ﬁ ‘
Los Alamos National Laboratory. The requirements ar | | ‘ 3 “

100 mA proton or 140 mA deuteron in 90% of the tote Tj 0 o5m A—— | %7 n
extracted beam, at 95keV and @.thm.mrad rms | | —— 4
normalized emittance. fig. 1: Source and LEBT assembly

The source, installed on a 100 kV high voltage platform,
delivered its first proton beam in July 1996: 46 mA aThe source is connected to the LEBT via a 300 mm long
70 keV extracted through a 10 mm diameter extractigdigh Voltage (HV) column. The total extraction system
aperture. In November, a 54 mA beam at 95 keV throughcludes five electrodes. An adjustable intermediate
a 6 mm diameter extraction aperture (J =191 mA/cmelectrode is located in the acceleration gap to minimize
and in February 1997, a 107 mA at 97 keV through e distortions in the phase-space distribution [6] and
8 mm diameter extraction aperture (J =213 mAYcmallow a beam focusing.
have been extracted. Along the LEBT, several diagnostics are placed in order
In this paper, we describe the different diagnostia® analyze the extracted beam [2]. Two CCD cameras
installed on the LEBT [2], and present the beam analysigllow x and y profile measurements at the end of the HV
2 THE SILHI SOURCE AT CEA-SACLAY column. A Bergoz DCCT is located very close to the
extraction system. An ACCT is inserted around the
To design the High Intensity Light lon Source (SILHI)chamber for noise measurements. Two water cooled
and the LEBT (Fig 1), we took the experiences of othéjeam stopper are designed to stop the 10 kW total beam
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power (0.8 kW/crf). Thermocouples measure the twocopper electron trap electrode has also been reduced from
grounded electrodes temperature increases, and a residizaimm to 4 mm.
gas analyzer is placed at the accelerator column exit. The aperture diameter is chosen to be 8 mm for the
The 2200 Gauss, 500 mm long solenoid, centered 1.1ptasma electrode and 12 mm for the last four electrodes.
from the plasma electrode aperture, focuses the protdhe intermediate electrode voltage can now be set from 0
beam on the Emittance Measurement Unit (EMUjo 65 kV (relative to the ground potential) to optimize the
installed 1.2 m farther downstream. beam extraction.
The EMU is composed of a water cooled copper beawith the new extraction system, the conditioning is
stop, with a 0.2 mm diameter aperture tantalum sampleasier; only few sparkdowns have been observed at the
placed at the center and a 64 wire profile monitor 0.5 pressure limit, for a 100 kV source potential. Compared
downstream. The unit is moved across the beam by twm the former extraction system, and for the same plasma
stepping motors. In order to measure the emittance ofnditions, the extracted beam is more stable.
only the proton beam, a Wien filter is inserted close to tifgparkdowns due to beam rarely occur. A continuous
sampler. This species-separator combines a 2000 Ga8dmurs run has been achieved with a 80 mA total
permanent magnetic field and a 1 MV/m adjustablextracted beam. The resulting availability was found to be
electric field. Its total horizontal acceptance is +/- 5 mrad6 %.

3 RESULTS: The AC toroid showed a beam noise abo@gso.
The first plasma was produced in July 1996. Two weel?’s'2 Plasma tuning.
later a 46 mA total proton beam current at 70 keV wdasor the following experiments, we installed a 8 mm
extracted through a 10 mm diameter extraction apertuidiameter aperture plasma electrode. The other four
Beam losses destroyed the 1 mm thick stainless stesltraction electrodes were set at 12 mm diameter
intermediate electrode as shown by thermal simulatiorsperture. The diameter aperture of the boron nitride disc
New drawing of the five-electrodes extraction system haose to the plasma electrode was 11 mm.
been made using Axcel [7] and Opera 2D codes [8]. A complete mapping of the total extracted beam current
as a function of the magnetic field inside the plasma
chamber has been done. Two set of current coils gave a
To increase the electrode power dissipation, we chos@aximum extracted beam [2]. Computations indicate that
more appropriate material and we slightly modified théhese magnetic field values (875 Gauss) overlap with the
shape of the electrodes. For the same beam extractlB8R zone located at both plasma chamber extremities.

3.1 New extraction system.
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Fig. 2: Picture of the new SILHI intermediate electrode. B
Fig. 3: Magnetic field calculation for the maximum
conditions, the maximum calculated electric field at thextracted beam. Two ECR areas are located at both

electrode surfaces decreased from 82 kV/m for the earliglasma chamber extremities.

design to 58 kV/m for the new one. The intermediate

electrode and the first grounded electrode are now magige then decided to set two ECR zones located at both
in two parts (Fig. 2). For each one, the part close to thgasma chamber extremities simultaneously (Fig 3). For
beam is made of tantalum and the other part is madetffs requirement, we used only two coils with adequate
cooper. The intermediate electrode has been thickenggrent intensity. The total extracted beam current

from 1 to 2 mm and the first grounded electrode thicknegsgcreased significantly up to 107 mA (J = 213 mA7cat
was increased from 1 to 4 mm. The thickness of thg7 keV in February 1997.
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3.3 Species fractions. now easier.

The species fraction is analyzed 2.3 m from the plasn%ne of the next steps will be to install an automatic fault

electrode, through the sampler and the Wien filter. T & COVETY syste_m. .
. e source instabilities did not allow us to make
particles are detected at the beam stopper 75cm . .
. . emittance measurements with a total extracted current
downstream. During measurements, the LEBT solenoid jis .
S P higher than 100 mA. Our next goal is to enhance the
turned off and the Wien filter electric field increases from 7. ..
reliability of the source.
0to 6 kV.
Preliminary results indicated a poor fractions : 67 % H
23% H and 10 % H.
With the new electrode design, the diameter aperture
the boron nitride disc close to the extraction was chang
to 8 mm, exactly the same as the plasma electro
aperture. Measurements have been done as a functior 0
RF power, hydrogen gas flow, and sampler positio
within the beam diametet-@ cm with a 5 mm step). The -5

species fraction were found to be 75% to 88% for H

20% to 9% for H and 5% to 3% for H(Fig. 4). o
1 'Wien Filter s
variaﬁon 135 130 125 120 1415 110 405 100 95 920 85 a0 79 mm
0-->6kV W=00keV T=8SmA Vint=41kV
Emittance AMS =0.172 pi.mm.mrad alpha rms = 14.60
beta rms = 37.41 mm/mrad
(Emittances normalisees) gamma rms = 5.72 mrad/mm
Fig. 5: Proton beam emittance measurement with 80 mA
Species
analysis

ACKNOWLEDGMENTS:

The authors would like to thank the other team members
for their contributions to this work especially
G. Charreau, O. Dalifard, F. Harrault, J.L. Jannin,

S CRE T TOOV ST oms G TRZ T 20 apr 1007 F. Launay, D. Libault, J-P. Penicaud, V. Voisin, and also
EERE 5.00mv  50.0ms 15:19:59 J. Sherman and S. Nath from LANL for their help.

Fig. 4: Species fraction analysis
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