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Abstract capability often results in betatron function mismatch at the
RFQ entrance.

An all-electrostatic LEBT for an RFQ has been assembled The all-electrostatic LEBT designed and built by the lon
and tested with beam. The LEBT includes two quasi-einB&#am Technology (IBT) group at LBNL eliminates the
lenses, allowing a wider range of Twiss parameters to Mmeutralization problem and offers several other advantages.
accommodated, and the lenses are split into quadrants, allowWifig new design incorporates two electrostatic lenses that allow
electrical steering of the @ wide range of matching conditions (Twiss parameters) to be

r beam. Moreover, mecha-established, insuring betatron function match to an RFQ
] nical steering by moving accelerator. The design has exceptionally low aberrations,
D) the entire LEBT with a offers beam steering, in both angle and displacement, and is
= o special  low friction physically compact.
‘ vacuum joint was also Figure 1 shows the layout of the LEBT inside the re-
ﬁ : demonstrated. The LEBTentrant support insulator. The ion source resides in the
Ny was tested with unanalyzedcylindrical cavity on the left. The total acceleration potential is
protons from an RF-driven
bucket  source by 100 . —
on Soumce RFQ m_easuring the be_am ¥
directly and by measuring 50
the transmission through 4 =
subsequent RFQ as 4§ E o
e function of LEBT g
[ —— electrode parameters.. g
I Agreement between -50
calculated LEBT beam
characteristics and actua -100
measured values is - o & 2 N
excellent. This LEBT Radial Position (cm)
Figure 1. Electrode Arrangement | Offers fully unneutralized Figure 3. WOLF-Predicted r-r Phase Space
beam  transport  with

steering and two knob control of exit Twiss parameters, afd keV with 59 kV across the first (extraction) gap. The two
can be applied to negative hydrogen as well as proton beam#hick electrodes comprise the variable-voltage einzel lenses.
Beam steering is incorporated by splitting both einzel
Introduction lenses into four quadrants and applying a balanced deflection
voltage across opposing quadrant pairs. Upzto7 mrad
An advanced, all-electrostatic LEBT has been built afi@flection is attainable from each of the two lens electrodes
successfully tested. This new design [[] offers seveMith 1 kV across opposing quadrants. In addition, the entire
advantages over previous LEBT designs, particularly fepurce and LEBT assembly can be moved transversely during
injection into RFQ accelerators. operation in both planes by up to 4 mm with 40 micron
The strongly convergent beam required at the RFeproducibility. This combination of electronic and mechanical
entrance, along with precise beam steering requirements $88ring guarantees optimum steering of the beam into the RFQ.
Figure 2 shows the beam envelope
40 16 33 16 36 0kv from the ion source to the RFQ match
/ /~w‘/"}!,’/’,,'.'(”'(}‘|'l| ’ point and Figure 3 the r-r phase space
} , NN : ////MMI’I“\\\\'\\\\ predicted by the WOLF ion source
§ LN I - code (ref in []). The smallest lens
B aperture radius is 0.5 cm at the final
electrodes on the right, the last one
proven to be a formidable task as focusing and steering errors representing the beginning of the RFQ
can easily reduce the performance of the RFQ. The usmhe and the immediately preceding one the exit aperture of the
method of magnetic solenoid or quadrupole transport resultd. EBT itself.
space charge neutralized transport, which may be unstable in
the presence of any intensity modulation noise from the ion Test Procedure
source, and the lack of sufficient steering or matching

Figure 2. Beam envelope through LEBT

The LEBT performance was first measured with an Allison
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type emittance scanner[2] substituted for the RFQ with the ficsh discrepancy of the longitudinal position of the RFQ match
analyzer slit located 20 cm downstream of the RFQ match popdint between the measured and calculated values for nominal fo-
The pulsed 30 mA beam current was measured with a toroitiaing electrode potentials.

current transformer at the exit of the LEBT. The nominal voltages

Electrical Steering

lon Source Body 40 kv

Extraction Electrode 16 kv Angular beam steering is accomplished at the two focusing

First Focus Electrode 35 kV (nominal) electrodes, split into quadrants, by applying a balanced transverse

Intermediate Electrode 16 kV field at those points. Each pair of opposing quadrants of each of

Second Focus Electrode 36  kV (nominal) the two focusing electrodes can be operated at a voltage offset

Ground End 0 kv from the mean by as much £#800 volts, or 1000 volts across an
opposing pair. The angular deviation of the beam was determined

by the emittance scannerpag) with any variation in the Twiss
parameters, including the beam emittance.
for the electrodes, referred to ground, are listed in Table 1. Figure 5 (next page) shows the variation in exiting beam angle,
The first and second focus electrodes were varied over a mafrid the variation of the Twiss parameters and emittance when the
of 33 to 37 and 33 to 38 kV, respectively, in 1 kV steps, and tfiftage across an opposing pair of quadrant segments in the sec-
Twiss parametera, 3 ande ond focusing electrode is varied from -1000 to
were measured. These we ‘ ‘ 50 mrad 7 +1000 volts. The angular deviation is quite linear
compared to the values predicie | with voltage and the Twiss parameters and beam
by the WOLF calculation for| emittance are only slightly affected at large steering
several representative values of - angles.
the focus electrode voltages, the
data showing good agreement n ;
between the predictions and the. | Coupling to an RFQ
measurements. Figure 4 show:

Table 1. Electrode Voltages

I

0.4 cm 0.4cm

a typical emittance plot, with the_ | In the second phase of the experiment, the LEBT
ellipse representing the shape of { was coupled to an 800 keV, 400 MHz RFQ[3] man-
the RFQ acceptance (but at[a -| ufactured six years ago at LBNL designed with an
smaller emittance to emphasize . 1 injection energy of 40 keV and 50 mA beam

the congruence of thdlipses). | | current. The LEBT was designed to match the

At a total current of 30 mA ‘ ‘ somad ‘ .| Twiss parameters of the RFQ with a generous mar-
measured with the toroidal cur- Figure 4. Measured LEBT Beam Emittance 9in of adjustability by varying the potentials of the

rent transformer, the following two focus electrodes.

emittances and Twiss parameters were measured. In this case, tH&€ transmission of the RFQ was calculated, using PARMTEQ,
electrode voltages were set to the nominal values indicated abfed range of input Twiss parameters. The effect of steering, both
and the measured emittance back-projected a distapgeas- angular and pdt#on on the RFQ transmission was measured, ver-

suming ballistic transport, to a point 20 cm upstream of the plab@g the initial alignment of the system. The optimum transmis-

of measurement, corresponding to the original WOLF calculatiglgn occurred with minimum electrical steering and with the initial
mechanical alignment position.

Run Date (gﬁ:'; (cBm) a (cnﬁinr}?f% dm (m%nj?tha dim The focusing electrode voltages were varied over the
27 Sept 95 195 7’8 195 1483 0137 same matrix of values for which data were taken with

P 20.0 9.9 226 1.483 0.137 the emittance scanner. The transmission of the RFQ

over the range of Twiss parameters available from the
28 Sept 95 2(%.90.5 1 E-z9 2.24-&1 1_14234 0(_)1':1324 LEBT matched very well with the predicted transmis-
sion calculated by PARMTEQ for a mismatched input

2 0ct 95 210%5 1?2 22_;5252 11"226600 09111166 beam. The maximum transmission was experimentally

found at almost the exact focusing electrode voltages

WOLF 745 287 1.110 0.105 predicted by WOLF. We can thereby conclude that the

Table 2. Measured and Calculated (WOLF) Twiss Parameters  actual acceptance of the RFQ is in agreement with the

and to the match point of the RFQ. Table 2 lists measurementseters ?r'ifn'\gi?_ggg'Zt%%%a;])?cg?;?znﬁi?;? b\iﬁ? fha;
done on separate days, showing the excellent consistency o . . 9

measured values, and the results of the WOLF calculation. Also F calculations over a wide range of focusing lens parameters,
listed are measured values back projected 19.5 cm, which gjvd Urther measurement taken after the RFQ was removed from
better agreement to the WOLF calculation, indicating a mere %1_(3 beam line showed the species distribution from the LEBT was
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approximately 64% H 17% B and 19% H". The RFQ accel- the beam was fully extinguished with a risetime comparable to the
erates only the Hcomponent, and the expected transmission rigetime of the pulse generator. Transit time in the LEBT itself
the RFQ was expected to be only 59% for thepecies, due to alimits the rise/fall time of the chop to about 15 nsec, and the 2.5
poor choice of geometry of the vane tips. (Acr0.75p constant nsec risetime travelling wave chopper at the 2.5 MeV leilel w
transverse radius geometry was used. Subsequent simulasbagpen up the edge of the chop. The slower LEBT and ion source
with the 8-term PARMTEQ-H[4] showed that this geometry waschoppers contribute the very low dark current in the middle of the
chop, and reduce the heating of the 2.5 nsec chopper beam

stop.
10.00 3 6.00 ]
" : Future Plans
4.00 o / 500 4
200 3 oo ] The operation of this LEBT has been so successful that a mi-
000 / T nor variant of it will be used in the low-energy part of the
jzz i A 200 injector for a proposed National Spallation Neutron
500 ] Source[5]. Added to the basic LEBT design shown here will
500 200+ be the beam chopper, a segmented thin Faraday cup that piv-
1N e o e T a0 o 00 e % )| ots in from the side and a pivot-in one-way vacuum gate
Angle (mrad) a valve, both located between the last focusing electrode and
the ground end, operated with the last focusing electrode at
0.2000 1000 ground potential.
0.1500  — 0.800
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Chopping Experiment

Recently, LBNL has joined a team to develop the front end

a proposed pulsed spallation neutron source, which incorporat i 'bR. ?pplle_:_on et dal',rhlsl Naltjlo?al dSﬁall?tlon SNeutrqn ?ﬁurﬁe-t
1 GeV linac and a storage ring[5]. The beam circulating in the ri aboration: fowards a New Fulsed INeutron Source in the Lnit-

requires a 35% circumference gap with a dark currentdblihe ed Statedrifth European Accelerator Conference, Barcelona, June

rest of the circulating bunch. To establish this very deep ggl :%
choppers il be placed at the ion source, in the LEBT, and a fast,
2.5 nsec chopper at the 2.5 MeV point in the linac. An experiment
was prepared for this LEBT to test the feasibility of fast (1 MHz)
chopping at the 40 keV level.

In the first phase of the experiment, a high-voltage pulser pro-
vided a+1500 volt pulse, rising in 100 nsec and decaying some-
what more slowly, to opposite quadrants of the second focusing
electrode to deflect the beam into a 0.6 cm diameter aperture lo-
cated at the LEBT exit. With 2.7 kV across the opposite quadrants
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