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Initially the source has been designed as an universal 
injector for the charge breeding test bench up to 60 KV. It 
is the reason why the source is built around a large mono 
or multi electrode extraction system. A specific 
permanent magnet ring with conical shape has been used 
at the extraction gap in order to save room for pumping 
and insulation gap size. 
 

D.  Voulot, 

Abstract 
 The SSI/LPSC laboratory is involved 

development of high intensity sources for the SP
driver accelerator and in the improvements of
breeding system for its operation inside a
radioactive environment. The results obtained
qualification of a 5 mAe/40 KV beam of Deu
dedicated to the feeding of the driver will be 
Concerning the heavy ions, the source PHOEN
GHz has been chosen as injector of the driver. 
SPIRAL II beam requirement is the reliable prod
1mAe / O6+ and 0.3 mAe of Ar12+ at 60 KV. The
developments are presently realized with t
temperature version of PHOENIX (includin
version of the source�s hexapole). In parallel, an
version of PHOENIX, using HTS coils, 
construction and is dedicated to the prod
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Figure 1: Micro-PHOENIX 10-18 GHz with high voltage 

extraction system 

The source has been also used for the production of 
high intensities beams for the Deuteron beam of SPIRAL 
II.  

 
w power (100 W) 
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of total current beams, corresponding to 
8 mAe of H+ (38 KV, extraction hole: 5 mm), has been 

ification the source can be 
 of heavier gas or 

source can be used 
he production of high currents of light ions or 

low currents of multicharged ions. 

PHOENIX 28 GHZ / 60 KV 
The PHOENIX source [2] is now working with a 28 

GHz / 10 KW gyrotron transmitter delivered by the 
GYCOM company (Russia). The source is now mainly 
dedicated to the high current Q/A 1/3 development for the 
main SPIRAL II injector. 
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Figure 3 : Typical spectrum of O6+ at 60 KV with 
PHOENIX 28 GHZ (SPIRAL II nominal beam) 
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Beam and emittance measurement 
The source works in pulsed or CW regime 

KW of average UHF power. The nominal 
(figure 3) has been obtained at 60 KV for a total
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a global transmission higher than 
90 % in order to minimize  the losses that could ind
heating of the extraction area. 
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The measurement of the nominal beam is don

magnetic mass spectrometer. The figures 4 and 5
nominal 1 mAe beam emittance at 60 KV (with
extraction hole and a 45 mm monogap extractor)
RMS normalized emittance is roughly 0.22 π.
which easily fits the 0.4 π.mm.mrad reque
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O1+  120 2.74*10-3 0.2 X 
O1+  120 2.74*10-3 0.14 Y 
O2+  300 3.87*10-3 0.27 X 
O2+  300 3.87*10-3 0.22 Y 
O3+  450 4.74*10-3 0.3 X 
O3+  450 4.74*10-3 0.26 Y 

O4+/He+  1600 5.48*10-3 0.30 X 
O4+/He+  1600 5.48*10-3 0.32 Y 

O5+  800 6.12*10-3 0.21 X 
O5+  800 6.12*10-3 0.27 Y 
O6+  920 6.71*10-3 0.22 X 
O6+  920 6.71*10-3 0.22 Y 
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O8+/He2+ 0.33 X 225 7.74*10-3 
O8+/He2+ 0.44 Y 225 7.74*10-3 

H+ 0.72 X Figure 4 : 1 mAe of O6+ horizontal emittance be
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Table 1 : Systematic emittance measu
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the source with a global transmission

Beam and emittance simulation 
These measurements can be used to 
conditions of the beam formation at th
the source. In principle, the beam
transport can be described by 3D calcu
it is possible to �rewind� the beam up
extraction gap. At this point we can
initial conditions applied to the differen
can fit all the set of measurements. 
performed the �home made� EXTRA
is a 3D , multi charge state and ECR m
simulation. The input of the program are the m
parameters (Ti⊥,Ti||,Te⊥, Te||, plasma
distribution, initial space neutralisa
etc�). The ouput is the set of emittanc
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e for every Q/A. It 

relatively easy to fit one beam produced by the source. 
But to obtain the simultaneous matching of every Q/A 
beam emittanceit  is necessary to find a common set of 
initial parameters  suitable for all the Q/A. This global fit 
was applied to the 06+ beam (figure 6). In this case an 
acceptable solution is obtained by assuming that the 
different Q/A are not uniformly distributed on the 
extraction hole. This study confirms that high charge 
states seem to be concentrated near the axis while the 
light ions are more uniformly distributed on the 10 mm 
extraction hole. 
 

Figure 5 : 1 mAe of O6+ beam vertical emittance a
(0.22 π.mm.mrad at 1 σ normalized) 
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A campaign 
Thanks to the 90% beam transmission through our test 

bench, the emittance measured after the spectrometer is a 
clear picture of the plasma source parameters  only 
convoluted with the beam line optic effects.. In this case it 
is relevant to measure H and V emittances for every Q/A 
produced by the source (see Table 1). We can observe 
that the 1σ normalized emittance is roughly constant for 
the different charge states of Oxygen and independent of 
the current level per charge state. We can also observe 

t gas and H+ from 
r emittance. These 

ferent Q/A or masses can have 
different intrinsic characteristics inside the source. This 
to r study w blished 
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O7+ 0.15 X 135 7.24*10-3 
O7+ 0.27 Y 135 7.24*10-3 

245 1.1*10-2 
.60 Y 245 1.1*10-2 

m
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On line at Isolde 
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emittancemiters in th X and Y directions will be se
v

measurements 

A-PHOENIX : UPGRADE OF TH
PHOENIX SOURCE WITH HTS C
A ne

PHOENIX is now under construction [3] The s
use two HTS coils for the axial magnetic 
pe
will reduce the power consumption from 200 KW
to 15 KW. 

The purpose of the project consists in producin
mAe of Ar12+, inside a compact ECRIS insula
KV. 

PHOENIX �BOOSTER� : OFF LINE 
ON LIN

  

Two ECR charge peration. 
ration is 
SOLDE, Figure 8 : 238U multicharged io

The new LPSC test bench system for off line op
now ready for an upgrade at 18 GHz , while at 
the CRLC Daresbury PHOENIX booster  is 
collaboration disposal. A thir
com

e a new 
injection 

s, 1+ 
tup. A 

has been easily obtained by the chan
and PHOENIX Booster analysing mag

REFER
e 

   

ertical emittancemeter is already available. 
 

Figure 7 : Faraday cup and charge breeding beam 
matching of the In+ beam on the LPSC test bench 

We have started systematic measurements of the 
injected test beams when the source is tuned for the 
charge breeding operation. The charge breeding 
efficiency is the ratio In+/(n*I1+), where I1+ is the current 
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 breeding test has 
en done at ISOLDE. First radioactive beams of 94Rb+ 

and 96Sr+ coming from the surface ionisation source have 
been injected inside the ECR charge breeder. and easily 
re-extracted with the charge state 15+ and an efficiency 
higher that 1%. 
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