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Abstract The source typically operates at a duty factor of 9.6%
120 Hz, 800usec long pulse) delivering a peak current

f about 14 mA at 750 keV. Each beam macropulse is
%hopped to create a sequence of 360 ns long pulses, each
with a 110 ns “extraction notch” for injection into the

The Los Alamos Neutron Science Center (LANSCE) 80
MeV accelerator facility uses a multicusp-field, surfac
production ion source to produce lbéam for delivery to

the Proton Storage Ring (PSR) and to the Weap
Neutron Research (WNR) areas. The average current 'I"he 750 keV beam is produced in a two-stage

delivered to the short-pulse spallation target is nomina”%{cceleration system. In the first stage, beam from the
.70 pA. One goal of the present PSR upgradg prgject is E?Jurce, which is housed in the domé of a 670 kV
mcreaselthe average bea”.‘ cu_rrent to_;ﬂ@.OThus will be__ Cockcroft-Walton accelerator, is increased to 80 keV.
accomplished by a combination of increased repetitio llowing the source, the transport consists of an 80 kV
rate.(from 20 Hz to 30 Hz), .upgrgded PSR bunchers, an lumn, focusing solenoid, a deflector called the dome-
a brighter Hion source that is being designed to prOdUCf':evel deflector, an emittance measuring station, 4 4.5

higher pgak current W(ljthulzog\_/rer beam emlttancz.l ;hBending magnet to remove electrons from the beam, a
preser_1t 'on source an system were ;tu 'ed 19.nd solenoid magnet, steering magnets, and current
investigate beam quality and performance at higher pe nitors as shown in Figure 1. The total length of this
currents. Beam parameters from the ion source and in the .o is 33 m. The 670 KV Cockcroft-Walton

LEBT at hlghe.r curren.tg are comapred to those fOéccelerates the beam to an energy of 750 keV for
standard operating conditions. injection into the drift tube linac. The 750 keV LEBT is
shown in Figure 2 and consists of quadrupole magnets, a
1 INTRODUCTION slow-wave chopper to produce the desired micropulse
An H ion beam is produced using a cesiated, multicuspattern for PSR and WNR, RF bunchers, emittance
surface-production source[1]. This source uses a largeeasuring stations, apertures, and steering magnets. An
area converter electrode biased at ~250 V to attract Electrostatic deflector (ground-level deflector) is used to
ions in a plasma produced by filament arcing. Cesium ighibit beam delivery to the linac when warranted.
used to enhance electron emission from the converter by

o : s Deflector

lowering its work-function. About 1-2% of the Hons Q 5
e s 4.5

are converted into Hons by electron attachment and are 3 Bend
repelled back by the converter. The ion beam produced n Solenoid Solenoid
on the surface of the converter electrode has sufficiently s
large emittance to completely fill the phase space region 80kV '5'5
defined by the extraction aperture. Thus, theoretically, the Column -

beam emittance is determined by the source geometry. ;

However, several other factors can cause emittanfddure 1. Schematic of the Bource, 80 kV colum and
growth[2]. At the exit of the source, the cusped magnetieEBT

field focuses the beam. A dipole field at the extraction

region suppresses secondary electrons from the converter.
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Figure 2: Schematic of the 670 kV column and 750 keV LEBT

0-7803-4376-X/98/$10.00 [J 1998 IEEE 2743



noticeable emittance growth to the 80 keV beam. A
2 EXPERIMENT comparison of the emittance measured at TBEM1 for the
The beam measurements were made in two stages. Fifst? K€V beam with that measured at IBEM1 for the 80
the beam emittance and transmission were measured<gV Peam indicates that the effect of the 670 kV column
each LEBT under normal operating conditions. The beaf! the emittance of the beam is minimal.
emittance was first measured in the middle of the 80 key  1he results of the emittance measurements at
LEBT (IBEM1). To determine the time it takes for thedlffe_r(_ent _t|mes during the beam pulse revealed that source
beam to stabilize, the emittances were measured S@bilization occurs about 14&sec after turn-on for the
different times during the beam pulse. The 80 keV beadr MA peak beam and after about 4&ec for the 20
was drifted to the location downstream of the 670 kynA peak beam. This means that higher peak beams may
column (TBEM1) to determine the emittance growth, ifake longer time to stabilize.
any, of the 80 keV beam in this section of the transport. The results of the emittance measurements at the
The 670 kV column was then energized to accelerafghe_r five locations in the 750 keV _LEBT are also shown
the beam from 80 to 750 keV. The beam emittance wig Figures 3 and 4. An 5% emittance growth was
measured at five locations in the 750 keV LEBT: 1pbserved between TBEM1 and TDEML for both beam
TBEM1, 2) TBEM2 (downstream of the slow-wavecurrents, |nd|ca_t|ng_no dependen(_:e on beam currt_ant_s up
chopper), 3) TBEM3 (downstream of the first RFto 20 mA. No significant degradation in the _transmlssmn
buncher), 4) TBEM4 (downstream of the ground-levelVas observed_ fqr a well-tuned 20 mA beam in the LEBT.
deflector) , and 5) TDEM1 (just before the entrance to the "€ majority of beam losses (~1 mA) occur at
drift tube linac). The beam transmission was alsBmiting apertures used to remove beam fails. By using
measured along the 750 keV LEBT. the measured emittances as input to TRACE calculations,
Second, the ion source current was increased to bgam sizes were calculated at different locations in the
mA by increasing the filament currents and then adjustifgEBT- These calculations show that the beam sizes at a
the hydrogen gas flow and Cs temperature to attaffW locations in the LEBT are nearly equal to the beam
equilibrium operating conditions at the normal convertePiP€ diameter indicating a potential limitation to
voltage of 250 volts. Measurements of the bearP€rating the presention source at higher currents.
emittance and transmission were repeated in both the 80 Lifetime of the source filaments is estimated by
keV and 750 keV LEBT under these new conditiongmeasuring the variations in the resistance of the
Results of these emittance measurements, along with di@ments. Using this technique, the lifetime of the present
program TRACE, were used to tune the channel foiource when operated at 20 mA peak current was
maximum transmission and the desired Twiss parametéiglimated to be about a week compared to more than 3
at the entrance to the 201.25 MHz drift tube linac. weeks when the source is operated at 15 mA peak
Finally, attempts were made to increase the pedi/rent.
current of the ion source above 20 mA by increasing
filament currents and then adjusting the gas flow and Cs
temperature. Maintaining a stable beam above 20 mA

was not feasible for the present source. 016 T
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Figures 3 and 4 show the results of the emittance ¢ ol O rorzontal

measurements under both normal and high-current £ %08 B vertical

operating conditions. The “source emittance” shown in ; 0.06 T
these figures is a calculated geometric admittance and is  0.04 T|
used to estimate the emittance at the source exit. It can be o0.02 T

seen that for the 15 mA peak beam the emittance, as 0 -
measured at IBEM1, is a factor of 1.6 larger than the
“source emittance”. For the 20 mA peak beam, it is a
factor of 2.1 larger. Thus, the total emittance for the 20
mA peak beam is about 31% larger than that of the ISgure 3: Total normalized emittance for 15 mA beam in
mA peak beam as measured at IBEM1. Larger totalEBT.
emittance observed for the 20 mA peak beam is due in
part to the larger tails in the beam as shown in Figure 5.
Emittance of the 80 keV beam measured at TBEM1
(670 column off) showed no significant increase
compared to that measured at IBEM1. This indicates that
the 80 kV LEBT after IBEM1 does not introduce any
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Figure 4: Total normalized emittance for 20 mA beam i

LEBT.
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4 CONCLUSIONS

1. Measurements of emittances at IBEM1, TBEM1
(with 670 kV column on and off) and other locations in
the LEBT indicate that the majority of the observed
emittance growth appears to occur in the 80 kV column.
The present design of the 80 kV column which was
chosen to reduce arcdowns may be a source of the
observed emittance growth[3].

2. Emittance growth in the 750 keV LEBT is not very
significant.

3. The ability to transport higher than 20 mA peak
beam from the present source may be constrained by

peam size and matching requirements to the drift tube

Inac.
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Figure 5. Measured phase-space distributions at TDEM1
for (a) 15 mA peak current beam and (b) for 20 mA

current peak beam.
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