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Abstract

High power proton accelerators in the MW range have
many applications including drivers for spallatiogutron
sources, neutrino factories, transmuters (for trarigg
long-lived nuclear waste products) and energy diai
In order to contribute to the development of HPP#s,
prepare the way for an ISIS upgrade and to coritibo
the UK design effort on neutrino factories, a frend test
stand (FETS) is being constructed at the Rutherfo
Appleton Laboratory (RAL) in the UK. The aim of the
FETS is to demonstrate the production of a 60 m/As2
50 pps chopped beam at 3 MeV with sufficient beal
quality. An overview on the status of the projemdther

INITIAL PARTICLE DISTRIBUTION

The ion source development program, based on the
highly successful ISIS Hion source at RAL, has already
shown encouraging results. The aim is to increlsaan
current from 35mA to 70mA, to increase the pulseth
from 25Qus to 2ms and to improve the beam quality [4].
Results from earlier beam transport simulationscitg a
Isc}rong dependency of the LEBT results from the inpu
particle distribution. First simulations of the ideam
extraction have been performed using MAFIA code [5]
I%md the results are shown in figure 2.

17 keV normalised

with the results of numerical simulations of thetjgée € ~
dynamics from the ion source to the RFQ exit wil b £ 0| fen €yms= 0.04 TMm mrad
presented. The particle distributions gained frone t = -2 €yms=0.16 Tmm mrad

particle dynamics simulations will be compared witt
recent measurements of the transversal beam eaodttal
behind the ion source and the results discussed.
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INTRODUCTION ol

For the short pulse operation necessary for neutr(y -20
spallation sources and neutrino factory [1] driyvessly -40
much lower beam powers have been used so far (QAD8V -10 -5
for PSR and 0.16MW for ISIS) [2]. Both machines tse

injection to accumulate intense short bunches @edi@n  Figure 2: Calculated ion density distribution defied by
increase of at least a factor of 30 to reach thal @ the ion source at the exit of the cold box (z=0).

5MW for future HPPAs. A front end test stand (see - ) ) )

figure 1 [3]) is being constructed at the Ruthedfor Additionally to the simulations using MAFIA the
Appleton Laboratory in the UK. The presented work o€mittance of the beam was investigated by the @i o
particle dynamics for the FETS is focussed on tiui  Slit-slit scanner device [6] 485 mm downstream ¢bél
particle distribution delivered by the ion sourcaiahe POX exit. One typical result of these measuremesits
beam transport calculation through the LEBT and RFQ shown in figure 3. The extension of the emittancédth
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Figure 1: Schematic layout of the FETS set up.
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planes looks quite similar compared with the resoftthe
extraction simulations for the same position, boé t
measured values are much larger and the S-shaped
abberation in the y,y’ plane could not be observed.
Additionally a transverse density distribution,raguired

for the further simulations cannot be derived frdime
measured available data.
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Figure 3: Measured transversal phase space disniisu
(Exms= 0.88mMmmrad;g, ms = 0.94mmmrad).



To perform simulations of the beam transport thtoug Then the field strength of the three solenoids was
the LEBT section and the RFQ, a preliminary pagticlaltered to optimise beam injection into the RFQ.eOn
result of these simulations is shown in figure heT
estimated acceptance of the RFQ is drawn as guselin
the transversal phase space plots. From the resutitsl
into

distribution at the exit of the cold box (z=0, Segire 4)
similar to the measured one was generated.
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Figure 4: Spatial and phase space distributionshe
transversal plane used as input for the LEBT trarisp
simulations €, ;mse=0.25mmmrad;g, me=0.25mmmrad).

To further investigate the phase space distributio g
delivered by the ion source, a pepper pot emittanc>

measurement device is under construction [7] arst fi
very preliminary results are available.
distribution based on these results is shown inrég5
(z=355mm). Surprisingly the distribution in x,x’ ®ks a
similar but reverse bending like the prediction nfro
MAFIA (fig. 2) for y,y’ indicating space charge fwes to
be the cause, while the other distributions incalies are
quite linear. The measured spatial distributiofiikis in
the simulation a more rectangular shape.
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Figure 5: Spatial and phase space distributiongshe
transversal plane used as input for the LEBT trarisp
simulations € ,ms=0.81Immmrad,; g, ,,s=0.97mmmmrad)
gained from measurements with the peppe rpot device

LEBT SIMULATION AND RESULTS

A particle gof

transmission (including stripping) the

acceptance of 90% is predicted.
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Figure 7: Trajectory plot (above) and output emites in
the transversal plane (below) based on LEBT sirarat

using the input data shown in Figure 4
(Exms=0.33mmmrad;g, me=0.33mmmmrad).
The results of the LEBT simulations using the

measured distribution shown in figure 5 for inpis,
shown in figure 8. Again the acceptance of the REQ
drawn. Even for the presented very preliminaryt fitata
the result is surprisingly good and a total trarssioin
into the RFQ acceptance of 50% is predicted. Thiskw
is still ongoing and will further stimulate the opisation

A 3 solenoid LEBT system similar to the one used atf the beam extraction and LEBT design.

the ISIS injector is under consideration (see fitaoe 1).
A preliminary solenoid design [8] has been made tted
field distribution has been determined using MAFFar
the particle transport simulation of the LEBT usitip
GPT code, a layout of the solenoid as shown inréigh
together with the resulting field distribution, watsosen.
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Figure 6: Design study of a 2-5-2 solenoid for HEBT
(left) and the calculated (using MAFIA) magnetield
strength distribution (in Tesla) along the z axight).
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Figure 8: Phase space distributions in the trassver
plane at the exit of the LEBT using the input dsttawn
in Figure 5 € ime1.2Immmmrad;gy ;me=0.93mmmmrad).

PARTICLE TRANSPORT CALCULATION
INTHE RFQ
A preliminary design of the 324 MHz RFQ has been

used for particle dynamics simulations. The vaoiatof
the RFQ parameters along z is shown in Figure 9.



* e account, 47% of transmission through the RFQ seems
be reasonable but the current of 32 mA would faineet
— & the FETS specifications. The transversal and lodgigal
output distributions are shown in figure 11.
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Figure 9: Development of the main RFQ parameters f
the FETS along z.

A preliminary design of the 324 MHz RFQ has beel
used for the particle dynamics simulations pregente
further. The design was made for an optimize
transmission of more than 90% under the estimatenof
input beam emittance of 0.2Bnmmrad. In a first run the 4
particle distribution gained from the GPT simulatoof Y7 x@m
the LEBT with generated data was used for input the . . o .

RFQ. Taking igto account a 25% increase ir? the tinptﬂzIgure 11_: Ram_cle distribution _behlnql the RFQngsthe
emittance, the simulations showed good results. THEPUt distribution  shown in  Figure 8 &ms
transmission through the RFQ was 83% and the bedhPZImmmrad; & ms=0.62mmmmrad, &, s0.2It deg
current in the chopper would be 50-55 mA and witfVeV)-

minor modifications the design is likely to fulfillhe

requirements for the FETS. The output distributiafis DISCUSSION

this simulation are shown in figure 10. The first simulations from the ion source exit teet
output of the RFQ show a mixed picture. Some of the
presented results are quite encouraging and wiibted
transmission from the source to the exit of the RFQ
80% (90% in the LEBT) the goals are nearly reaclkusd.
the other hand the latest results on the measuteshéme
initial distribution shows a dramatic increase leé beam
emittance with fatal consequences on beam trangmiss
“0 P A 0 2 and emittance growth. But we also should keep indmi

X (um) ¥ () that these results are a snapshot of the actuakstéthe
design effort and therefore preliminary. Seriousrnes to
reduce the source emittance and to increase the RFQ
acceptance are already underway.
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