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The aim of the Front End Test Stand (FETS) prdgett demonstrate that chopped low energypeams of
high quality can be produced. The beam line culyeunsists of the ion source, a 3 solenoid Lowrgye
Beam Transport (LEBT) and a suite of diagnosticeri&f status report of the RFQ is given. This pape
details the work to optimize the ion source perfance. A new high power pulsed discharge power suppl
with greater reliability has been developed towllong term, stable operation at 50 Hz with a 6@4&, ms
discharge pulse and up to 100 A at 1.2 ms. Theiegisxtraction power supply has been modifiedferate
up to 22 kV. Results from optical spectroscopy meaments and their application to source optimizatire
summarized. Source emittances and beam currebt3 fA are reported.

I. INTRODUCTION
A. FETS

FETS is being developed as a generic injector for
future high power proton particle accelerators. ahe of
the FETS is to demonstrate the production of a ) 2n
ms, 50 Hz chopped Hbeam at 3 MeV with sufficient
beam quality for future applications. FETS consiztsa
high power ion source, a 3 solenoid magnetic Lowrgn
Beam Transport (LEBT), a 324 MHz, 3 MeV, 4-vane
Radio Frequency Quadrupole (RFQ), a fast electiosta
chopper and a comprehensive suite of diagnostics.

B. The FETS ion source

The H Penning surface plasma source was first
developed by Dudnikdvin 1974. The FETS sourcés a
development of the operational Penning source ak RA
which has successfully provided beam for the ISIS
spallation neutron source for over 25 years.
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FIG 1: A schematic of the FETS ion source.
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Caesium and hydrogen are fed into the pulsed
discharge through the hollow anode shown in figre
beam is extracted through a 0.6 mm by 10 mm slthen
aperture plate (plasma electrode). After extractibe
beam is bent through a 90° sector magnet (fig 2yntexl
in a refrigerated caesium trap and further acceddrhy a
post extraction acceleration gap to 65 keV.

C. The FETS beam line

At present the FETS beam line consists of a 3 saden
LEBT and a suite of diagnostics shown in fig 2. REQ
will be installed at the position of the diagnostiessel.
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FIG 2: A schematic of the FETS LEBT beam line.



Il. HARDWARE DEVELOPMENTS
A. FETS status

The RFQ design is complete aan initia machining
test is being performed. The RR@Il be constructed il
four 1 m long sections. Each section is assemblan #
blocks to make up the 4 vanes. The entire RFQ bé
bolted together using a 3D rotg and RF seals. Te
assembles have confirmed this approadeasible.

B. Power supplies

The existing extraction power supply has be
modified to allow operation at 22 kV. A new highvper
pulsed discharge power supply with greater religbiias
been developed to allow long term, stable operadicup
to 50 Hz with a 60 A, 2.2 mdischarge pulseAt lower
duty cycles currents up to 100 A canproduce..

D. Caesium delivery system

To improve thereliability of the caesium delivel
system, thermal cut-owgwitches have beeimplemented
on the caesiurmoven and transport line heaters. In the e
of a control or monitoring failure the switches fiinthe
temperature and prevent over caesiation incidemiss
technology has also been implemented on

E. Electrode Configuration

The greatest beam cents are obtained fc1.1 mm
extraction electrode jaw spacing. Wider jaw spdsi
reduce beam and extraction current. The jextraction
acceleration gap is set to 6 mm, this githe best beam
transport for an acceptable rate of high volte
breakdowns.

[ll. EXPERIMENTS
A. Vary extraction voltage

Fig 3 shows how the Hoeam current increases w
extraction voltage. Above 16 kV the beam currengasits
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from theVz power law but continues to incree.
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FIG 3: Beam current wsxtraction voltagt

The maximum extraction volta@chievable is limited
by the maximum field that can be produced in thetase
magnet. Fig 4shows how thesector magnet field varies
with applied current. The saturation of the magneiticuit
combinedwith the power supp capability limits the peak
sector magnet field to 0.25Z This restricts the maximum
extraction voltage to 19.6 k
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FIG 4. Sector magnet field vs curre
B. Vary pulsed discharge c urrent

Fig 5 shows how the beam current increases witk
discharge currenand how the discharge voltage dr.
Above 80 A discharge curre, the H beam current does
not increase any further
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FIG 5: H beam -currentsand discharge voltage vs
discharge current.

An optical spectroscof monitors the light from the
discharge as the dischargurrent increases. It is possible
to work out the electron temperaturgT, from the ratios
of the peaks The electron temperature does not incrt
for discharge currents gater tha 80 A as shown in fig 6.
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FIG 6: Optical emission peaks vs pulsed dischaugeent



C. Vary caesium oven temperature

Fig 7 shows how the beam curreraries with Cs oven
temperature. The Hbeam current increases rapi
between 150 and 170 °C, above this range the |
current increases more slowly.
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FIG 7: H beam currents vs caesium oven temper for
a 55 A discharge.

D. LEBT transmission

The 3 solenoid LEBT settings habeen optimized to
give maximum transmissidnFor high currentshe beam
at the ground plane of the post acceleration gaguite
large and does not fit in the acceptance of the LEMost
of the beam is logh the first two solenoids, however 1
beamcurrents at T1 of above 80 mA it is possible
transport 60 mA to the entrance of the R The position
of the beam focus can be moved by changing thecuim
the third solenoid.

E. Optimum performance

Previous experimeritshave shown that running
dischargepulse lengths above 1.2 ms at 50 Hz ¢
unacceptable droop in the” lBeam currentExperiments
varying hydrogen gas pulse timinand using double
hydrogen pulses have failed to mitigéhis droop. It is not
currently possible to deliver all FES beam current
requirements simultaneously.

However by using the optimum source parametes
possible to produce a 68A, 50 Hz, 1 ms beam pulse
the entrance of the RFQ as showrign8. By reducing the
rep. rate to 25 Hz it is possible to produce a 26@snA
beam pulse as shown in fig Bhe beam emittances for
62 mA beam at the entrance of the RFQ are shown i
10.

IV. DISCUSION AND CONCLUSIONS

The discharge voltagkevelling out (fig 5) indicates
that increasing the discharge current above 7starts to
push the discharge towarttse thermal arc regic. At the
same currenthe electron temperature goes aboveH™
electron affinity energy of 0.75 eV (fig 6). Detacbnt
processes limit the Hurrent from increasing any furth
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FIG 8: 62 mA leam current profile at 50 Hz 1 ms. (1.2 ms
60 A discharge, 19.6 kV extraction voltage, 65 Keam,
180°C caesiunoven, 16 mLmi™ H,)
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FIG 9: 60 mA eam current profile at 25 Hz. (2.2 ms, 64
A discharge, 19.6 kV extraction voltage, 65 keV rhe
190°C caesiunoven, 16 mLmi™ H,)
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FIG 10 Beam emittance at the entrance of the for th
beam shown in fig 8.
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All the FETS beam requirements have been achi
but not simultaneously. All parameters have L
optimised for the current source design. The oplyom to
achieve a 2 ms 50 Hz beam is a scaled source. g fati
developmat work will be available in FY 201
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