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Abstract 
A low-energy beam transport system is designed 

with the aim of transporting a 30 mA, 35 kV H- 
beam from a volume source and focusing it into an 
RF&. The characteristics of the beam from the source 
are determined analyzing the emittance data. The 
behavior of the beam through the LEBT is stud- 
ied using simulation codes. The system parameters 
are optimized so that the LEBT has a very modest 
contribution to the emittance growth (here a factor 
of about 1.5) and the emittance budget of the linac 
section is maintained. 

I. INTRODUCTION 

One of the vital considerations in modern high- 
energy accelerators is related to the design of an effi- 
cient low-energy beam transport (LEBT) section so 
that an intense, high-brightness beam (here we con- 
sider an H- beam) can be transported over certain 
distance and finally focused into the commonly used 
RFQ accelerator in the linac section. The emittance 
growt,h in the LEBT is the key issue in developing 
a good scheme at the low-energy end of the acceler- 
ator chain. Thus, in order to achieve a good beam 
quality and match it to the acceptance of an RFQ a 
systematic study of beam dynamics in the preceed- 
ing sections including the extra,ction optics of the 
ion source is warra.nted. We have experienced that 
emittance measurements of the beam from an ion 
source and an analysis of the data to characterize 
the beam at the extraction electrode are two impor- 
tant problems in the context of designing an efficient 
LEBT. Earlier we reported [1:2] on the beam char- 
acterization and beam dynamics through a LEBT 
for H- beams from a Penning-Dudnikov type [3] 
and magnetron type sources. In recent years sig- 
nificant progress has been made in the performance 
of volume sources [4,5]; normalized beam brightness 
a,pproaches about 1O1l A/(m-rad)2 for H- beams. 
This article highlights on the study of IT- beams 
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Figure 1: Contour emittance plot. 

from the SSC volume source with the a.im of design- 
ing a LEBT system to deliver a 30 mA, 35 kV beam 
matched with the RFQ input. 

II. BEAM CHARACTERlSTICS 

A. H- Beam from the Ion Source 
The H- beam from the SSCL volume source is 

measured at 10.13 cm downstream after the electrons 
(ratio of initial electron to ion current w 40) are de- 
flected away from the extracted beam current by a 10 
cm long magnetic trap. Figure 1 shows the contour 
plots in the I - x’ space from emittance dia.gnos- 
tics; the flattening of the distribution in the upper 
half is possibly caused by the space-charge force due 
to the electrons deflected upwa,rd. The beam pa- 
rameters a.t z = 10.13 cm are: bea,rn size 1) = 2.38 
cm, full divergence a6 = 260 mrad, 7r5,, = 0.1537~ 
mm-mrad. These da,ta. are used in an envelope sim- 
ulation code to estimate the beam characteristics at 
the extraction electrode; spa,cc-charge effects due to 
the electrons in the extraction region are included. 
Figure 2(a) shows the assumed space-charge corrcc- 
tion fa.ctor, f, dur t,o the electroils. Not.r t,hat f is 
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Figure 2: (a) Space-charge correction factor f; (b) 
beam envelope. z = 10.13 cm corresponds to the 
location of emittance measurements. 

negative here and the beam perveance is to be mul- 
tiplied by the factor (1 - f). The beam envelope in 
Fig. 2(b) is evaluated by integrating the K-V en- 
velope equations using a fourth-order Runge-Kutta 
method. This analysis suggests that the beam at the 
extraction electrode emerges nearly parallel, and the 
beam size is close to the aperture radius (= 4 mm). 

B. Desired Output Beam Parameters from the ESQ 
LEBT 

The purpose of the LEBT section is to isolate 
the RF& from the ion source for a clean operation 
and also to deliver a matched beam to the RFQ. The 
SSC RF& acceptance for a 30 mA, 35 kV H- beam 
is given by the Twiss parameters: a! = 1.26, p = 
1.86 cm/rad, ~2, = 0.2 r mm-mrad. As the normal- 
ized rms emittance of the H- beam from the source 
is about 0.1537 K mm-mrad (Fig. l), the LEBT is 
to be designed under a very tight emittance bud- 
get. The matching condition dictates that the beam 
parameters at the tip of the RFQ vane should be: 
beam radius = 1.3 mm and the corresponding slope 
of the beam envelope = -89 mrad; this is located at 
about 3 cm downstream from the front wall of the 

RFQ. It has been shown earlier that a short (about 5 
cm long) single einzel lens module between an ESQ 
LEBT and the RFQ will be a good choice in satis- 
fying the aforementioned stringent conditions of the 
RFQ [a]. The ESQ LEBT transforms the highly di- 
verging beam from the ion source into a moderately 
converging one without any significant emittance di- 
lution, and the einzel lens provides the final strong 
focusing. This analysis showed that the parameters 
of the output beam from the ESQ LEBT should fol- 
low: beam radius N 3 to 5 mm, the corresponding 
slope of the beam envelope N -30 to -50 mrad. 

III. BEAM TRANSPORT THROUGH THE ESQ 
LEBT 

The design principles of the ESQ LEBT follow 
the scheme as discussed earlier [1,2]. The present 
configuration of the magnetic trap in the extraction 
region of the SSCL volume source restricts the ESQ 
LEBT’s distance to the extraction aperture to about 
10 cm. This causes the beam to blow up significantly 
(Fig.1). After a detailed analysis with such a beam 
it is recognized that the goal to deliver a matched 
beam to the RFQ for the full beam current (30 mA) 
is a very difficult task. Our analysis suggests that 
a shorter magnetic trap (about 5 cm long) will be 
a better choice. Figure 3 shows the beam envelope 
through the ESQ LEBT when a hard-edge focusing 
function for the external field is assumed. An initial 
drift space of 5 cm long is considered, and a pro- 
file of the space-charge correction factor due to the 
electrons (Fig. 3, bottom) is assumed. The beam pa- 
rameters at the extraction aperture are taken from 
the analysis of Fig. 2. The maximum aperture ra- 
dius of the qua,drupoles is 22 mm; it was taken as 
12 mm when the LEBT was closer (1.5 cm) to the 
extractor [ 11. 

The distribution of the beam particles through 
the ES& LEBT is estimated using a modified PAR- 
MILA code [G]. Figure 4 shows the particle dis- 
tribution in phase space for I = 30 mA. The esti- 
mated output beam parameters are: X = 3.5 mm, 
Y = 3.5 mm, X’ = -51.7 mrad, 1” = -50.8 mrad, 
q!$:, = 1.5. The emittance growth is primarily due 
to chromatic aberrations. 

IV. CONCLIJSIONS 

Emittance measurements of a 30 mA, 35 kV II- 
beam from the SSCL volume source have been stud- 
ied. The simulation results suggest that the I-I- 
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Figure 3: K-V envelope solution. 
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Figure tl: Particle distribution a 
ESQ LEBT. 
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beam envelope has a waist at the extraction aper- 
ture. With this definition of the input beam and 
a given set of characteristic parameters of the RFQ 
acceptance, we have designed a LEBT system. The 
particular design of the LEBT consisting of six ESQ 
lenses and a short einzel lens can transport the full 
beam current and match it to the RFQ. 

Beam transport experiments with a prototype 
ESQ LEBT will be conducted to validate the simu- 
lation predictions. Further, the 3-D LAPLACE sim- 
ulation scheme is being improved using a method of 
moments where any arbitrary boundary can be rep- 
resented numerically and the practical problems will 
be simulated more realistically [7]. 

This work was supported by ONR/SDIO and 
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